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This report prepared by the Marine Park and Reserves Selection Woyking Group for the Hon Kevin
Minson ML,A, Western Australian Minister for the Environment, is published on behalf of the
Working Group by the Department of Conservation and Land Management.

The valuable contribution made by the Chairman and mernbers ofthe Working Group, over a
number ofyears, is gratefully acknowledged, as is the financial assistance towards the work of the
Working Group, in recent years, from the Commonwealth Government through the Ocean Rescue
2000 Program.

The views expressed in this report are those of the Working Group, and are not necessarily the views
of the Western Australian Department of Conservation and Iand Management, the Western
Australian Minister for the Environment, or the Commonwealth Government.

fu*AL'-4-
Syd Shea
ETCUTIIv'E DIRECTOR
DEPARTMENT OF CONSERVATION AND 1.4ND MANACEMENT
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MAKING A SUBMISSION

We want to know what you think of the proposals in this reporl have you thought of writing a
submission?

WHY WRITE A SUBMISSION?

It is an opportunity to provide information, express your opinion, suggest alternatives and have a say
on how we are proposing to develop the marine reserve system in Western Austnlia.

If you prefer not to write your own submission you could make a joint submission with others.

WHAT HAPPENJ TO YOUR SUBMIsSION?

All submissions will be summarised according to the topics discussed. The repod will then be
reviewed in the light of the submissions, according to established criteria (see overleaf). A summary
of the submissions will be published, including an indication of how the reportwas or was not
amended in response to the submissions, along uith the final report. If a submission is marked
CONFIDENTIAL it will not be quoted in the summary or published.

WHAT MAKES AN EFFECTIVE SUBMISSION?

To ensure your submission is as effective as possible:

. make it concise and clear;

. list your points according to the parts (and page numbers) in the report;

. describe briefly each subject or issue you wish to discuss;

. say whether you agree or disagree with any or all of the report's contents, particularly the
recommendations within each subject or just those of specific interest to you; clearly state your
reasons (particularly if you disagree); and

. give sources ofinformation where possible; and suggest alternatives to deal with any issue with
which you may disagree.

Note: It is as impoftant to indicote those recommendations gou agree with as it is those uith
which gou disagee.

Each submission is important in its own right but those that give reasons for concerns, give support
where appropriate and offer useful information and suggestions are most useful.

DEADLINE

Submissions are welcome for three months until 11 November, 1994.

WHERE TO SEND YOUR SUBMISSION

Written submissions should be sent to:

Executive Director
Department of Conservation and Land Management
PO Box 104
coMo wA 6152
Attention: Manager Marine Unit

l l l



CRITERIA FOR ANATYSING PUBLIC SUBMISSIONS

The report will be amended if a submission:

. provides additional information on physical, biological or geographical features of relevance to
the recommendations;

. provides additional information on affected groups ofdirect relevance to the recommendations;

. indicates a change in Government legislation, management commitment or management policy;
proposes strategies that would better achieve objectives; or

. indicates omissions, or a lack of clarity.

The re9oft uill not be amended if a submission:

. clearly supports the draft proposals;

. offers a neutral statement oy no change is soughu

. addresses issues beyond the scope of the report;

. makes points which are already in the report or were considered during its preparation;

. is strongly opposed to other submissions with the existing recommendations providing a
preferred option; or

. contributes options which are not feasible (generally due to conflict with legislation, or
Government policy).

GUIDE TO THIS REPORT

The report is divided into five parts:

. Part I: Introduction

. Part II: Marine Reserves ofthe Kimberley and the Sahul Shelf

. Part III: Marine Reserves on the Canning and Pilbara Coasts and the Rowley Shelf

. Part IV: Marine Resewes on the West Coast

. Part V: Marine Reserves on the South Coast

The Working Group's recommendations occur throughout the text, but are also gathered into a
Summary of Recommendations section after Part V.

Part I is a genenl introduction to the Western Australian marine environment, with a statement of
the principles applied in the process of selection of areas for consideration for reservation.

Each of Parts II to V contains a general statement about the physical and biological features of a
section of the coast, current resource utilisation, existing marine reserves, descriptions of the major
ecosystem units which the Working Croup considers have particular significance, and
recommendations on. which. specific areas warrant consideration as rescr.i.€s.

It is important to notsthat the recommendations in this repor'L do not constitute the Notices of
Intent required under Ihe Consenation ond:l:and Management Act 1984 which must be published
for public comment before marine parks and marine nature reserves may be declared.
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Hon. Kevin Minson MLA
Minister for the Environment

23 May 1994

Dear Mr Minson

Marine Parks and Reserves Workino Groun Reoort

At its meeting on February 1, the Working Group approved the final dnft of the report subject to
some minor amendments. The amendments have now been made. I am pleased, on behalf of the
Working Group, to forward the report for your consideration. "

It has been our experience that the function of marine reserves is not widely understood in the
community. Although strong community support quickly develops, for example the local support
now evident for the Ningaloo Marine Park, initial response is often negative from some sectors. The
Working Group believes that a public participation program is needed to gain general public support
for the recommendations contained in the report. It is our hope that you will decide to release the
report for public comment and establish a process for its review, in the light of public input, before
the report is adopted by the Government.

Wth the submission of this final repod to you, the task of the Working Group is completed.
However, should you decide to release the report, the members would welcome an opportunity to be
involved in the review ofDublic comment.

YouYs sincerely

//A
lJ.K, Wllson

Chair
Marine Park & Reserves Working Group



r
I
I

I

I
I
I
I
I
I
I
I
I

I
I
I
I

r
I
I
T
I

MARINE PARKS 8 RESERVES WORKING GROUP

The Working Group was initially appointed by the Minister for the Environment in 1986. The Group
held a series of workhop sesions to consider information gathered on stretches ofthe Westem
Australian coast from the Kimberley to Eucla. Drafts were prepared after each session for further
discussion at successive meetings until the Group was satisfied with the lesults. The drafts and the
final report were prepared, with contributions from Working GYoup members, by Murex Consultants
Pty. Ltd. Maps were prepared by the Department of Consewation and Land Management Land
Information Branch.

Since the initial appointments, some members have moved to other positions and have been replaced
by other specialists in their fields. The following is a list ol people who have served on the working
Group at some stage. Those noted with an asterisk were involved in the early work of the Working
Group but not in the preparation of the report.

MEMBERS OF THE WORI(INC CROUP

Dr P.F. Berry8Sc. (Hons) MSc., PhD. Western Australian Museum
Mr A. Carman-Brown Grad. Dip. IJrban & Regional Planning. Depatment of Planning & Urban

Development
Dr C.J. Crossland* BSc. (Hons) PftD. CSIRO Division ofFisheries & Ooeanography
Dr I. EliotE.Sc. (Honl, PhD. Geography Department, University of Western Australia
Dr B. Hatcher* BSc., PftD. CSIRO Division of Fisheries & Oceanography
Dr H.E. Jones 8Sc., PftD. Western Austlalian Fisheries Department
Dr H. Kirkman 8lg. Sci., MAg. Sci., PhD. CSIRO Division of Fisheries & Oceanography
Dr R.C. LenantonBSc. , MSc., PhD. Western Australian Fisheries Department
Mrs L.M. Marsh 8.4.(Hons), MA. Western Australian Museum
Dr J.R. Ottaway* BSc. (Honl, PhD.Western Australian Environmental Protection Authority
Mr M. Poole*.4,4PTC Dip. Toun & Regional Planning, FRAPI. Department of Planning & Urban

Development
Dr V. SemeniukBsc. (Hons), PhD. V. & C. Semeniuk Research Group
Dr C.J. Simpson Blpp. Sc., Grad. Dip. Nat. Res., PhD. Western Australian Environmental Protection

Authority
Mrs S.M. Slack-Smith BSc. Conservation Council of Western Australia
Dr D.l. Walker 8Sc. (Hons), D.Phil. Botnny Department, University of Western Australia
Dr B.R. Wlson FTS (Chair),BSc. (Hons), PhD. Murex Consultants Pty' Ltd.

Note: Although not a member ofthe Working Group, Dr E.P. Hodgkin contributed material on
estuanes.

DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT SUPPORT

Mr H. Chevis BSc.. MSc.
Mr R.F. May BSc., Dip. Ag. Sci.
Mrs S. King (secretarial support)
Land Information Branch (preparation of maps)

MUREX CONSULTANT' STAFF

Dr B.R. Wlson FTS BSc. (Hons), PhD
Mr D.B. Johnston iY,4 pp. Sc.(Suru. & Map,), Dip. Cartogtaphg
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AIMS AND SCOPE

The aims of this report are to review what is known of the flora and fauna, habitats and
geomorphology of Western Australian coastal waters, and to identifr areas that have particular value
for conservation, scientific and public recreation, making them worthy of reservation for these public
purposes.

Each set of recommendations in the body of the text is preceded by background information about
the natural attributes of the area in question and the reasons the Working Group selected it as a
worthy candidate for reservation. The locations of the areas are shown on the maps.

For quick reference, the recommendations are also listed independently in the section 'Summary of
Recommendations' following Part V.

The Working Group consisted chiefly of marine scientists familiar with the coast and its flora and
fauna and recreational uses. The group did not consider mining or commercial fishing, although
these activities were noted where they were known to occur. Consideration of such values and uses of
the selected areas would be more appropriate at a future phase of the marine reserves program,
before implementation begins.
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r.  GENERAT INTRODUCTION

l . l .  Background

The State Conservation Stratcgy (19E7) sets as one of it-s principal goals the eslablishmcnt of a
consen'ation reserves system representative of the f-lora and thuna and habitats of Western Australia.
Protection of natural values outside the resen',e system, to an extent that is consistent with other
land uses, is another primary consen'ation goal.

The need to apply these conseJl'ation strategies to the marine environment as urell as to the
terrestrial environment has only recently gained credence. There is growing commurlily awareness
and concern about degradation o{some of Western Australia's estuarjne and marine environmenls
through alienation, pollution and overuse. The situations of concern range from obvious pollution
(eg. Pecl-Haney Estuary) to generalised awareness that "the flshjng is not like it ustd to be". On the
other hand, there is also grou'ing a\rareness that Western Australia possesses estuarinc;rnd marine
rtsour.ces of great potential for l-isheries, other useable resources, recreation and torrrism. In order to
protect;ind wisel),use thesB resources for long-term commr.lnity benefit, eftort must bt focused on
management  of  the mar ine envi ronment .  A reDresentat ivr  resen'e sys lem is  an essenl ia l  par t  o f  an l t
envj ronmenta l  rnanagement  program, and estuar ine ani l  mar inc cnvi ronment .s  are no excepl lon
( I ioon ey d l  , l / .  ,  1978;  Salm l i  Clark,  1984;  C0NC0I1.  19t5:  Austra l ian Comm i t tee lbr  l tJCN, 1986;
I { r l l ther  & Kenchington,  199() ) .

I lar inr  rcsrru-es scne sevcra l  important  lL lnct ions.  Thei  are in t rndcd as n laces u 'hcre l r lan ls  and
animals and thei r  hrb i ta ts  may br  nrotected o l  manaAed to ensure long term sun' iva l  in  natura l
con ' l i t io fs .  l , ike thei r  ter rast r ia l  equiva lents,  rnar ine constn 'at ion rescrvrs ht lp  pro lect  species and
Irasarvc thc d ivers i t l 'o f  l i fe .  Thcy ma1'a lso be a rcsource lor  educal ion,  recreal ion afd tour isnr
lroAr:1ms j\tan!, national p: ks pl;i1,a fLmdame nlirl rolr in thc toulisllr indListry. Illrinc parks m:iy
ha| t  thr  s ; rnre tunct ion.  The Grcat  Barr jer  l lee i  I lar ine I 'ark ,  for .  example.  is  the brs ic  f tsourcr  l r fon
u'hich a rnaior proportion of tlre Queensland tourism induslr) is based. Restrvalion allorr's
manegemant  programs to be put  in  p lace to cnsure that  th t  r rsource is  both; rccrss jb le and
.s L Is t:t I rt:l ii ie.

Wrs le rn . \us t ra l ia  i s  b lessrd  u i th  a  lo r lg  i lnd  var icd  co ls t l in t  and an  a i rundance o f  rn : r r j r re  l i i e .
juar j t r r r .  rc . re r t ion  and toLr r i sm are  v r ry  i rn fo r tan l  in  lh is  S ta ie .  Rrc rea t jon ; r l  f i sh ing  is  an
r rN l ro r r . i i r t  e l r 'm.n i  in  th .  l i f r s t ! le  o i  man l ' \ \ ' es tc rn  ALrs t ra l i ; rns .  Rccr r : : r t iona l  i sh in !  and the  d iv r
lour  indL ls l ry  bo th  p la !  rmpor tan t  ro les  in  reg iona l  and loca l  eL :ononr ies .  S i t r :s  l i k r :  th t  N ing i r loo  Reef
nd  t l r r  [ ' c r th  n ]e t ro fo l i t l r r  ree fs  a r r : r i ready  ex tens ive ly  uscd b1 ' loca l  peop lc  a | ld  n ; r l ion ; r l  i rnL l

i r t r r r , r l io ra l  v is i to rs .  Th t r r  rs  po t !n t ia l  io r  fu r th r r  dn ' r lop tnrn l  o t  th .s r  ac t i \ , i t i cs  lo  imf rove  bo th
oc : i l  qu : r i i t1 ,  o i  I i l e  anJ  lh r  no i !n l ia l  io r  commerc ia l  lour is l r .  bu t  inc reLscd usr  o i  th r  n i l tL l r i i l

rusoLr rc r  u i l l  n rcd  inc r tasrL l  p ro iea t ion  lnd  rnan i lg€mtn t .

' l he  
L l tg r r l  lo r , rh ich  n l r ine  ! , :os \ rs t r r rs  a lc  rn t t r  connt ' , : l rd '  i s  r lL rc i r  r l re i l t r r  t i ra r i  in  In r i r

' , c r r rs l r i i j i  tqu iva len ls .  In  lhc  sa : l  lh r  wakr  m!d ium i i se l f  i s  tha  \ f i .o lc  o r  pJr t  i rab i ta t  0 i  a  v r ry  la rgc

nroDo ' l rou  o f  mi i in r  l i v rng  th ings .  P la rk to r ic  and nck ton ic  p lan ts  and i l ima ls  t l )a t  l i ve  the i r  e f t i re
l rv rs  d f  i i l i ng  o r  s \ , , r r rmrng in  the  r r ' i i t t r  compr ise  the  bu lk  o [  the  m; i r in r  b iom: rss .  l , v rn  most  n rar i rc
hcnt i r iL  (ho l to r r r  l i v ing)  u rg : in is rns  h , i vc  lan 'a l  s tagrs  tha t  a r r  p la l rk ton ic  and mi r .v  b r  \ r id r l ) ,  d isp t rsed
b! r 'atrr cLrrrcnl-\. The u'atcr nrass is:i lso the sitr of nro-\t o115g 669111',s primary prolirrction. Thc
r tsu l t ing  cncrgy  ma) ,  bc  car . f j .d  h i  warer  c r r r ren ts  f rom i l s  p lace  o l  o r ig in  ovcr  long  d is tances  to
sL in0(J r t  ( ) ih€r  ecos \ ,s t rms.  ! \ ' a tc r  cu l ' l .a r r ts  mav i i l so  qLr ick l l  spread lo l lu tan ts  f ro r r  th t  s i t r  o f  0 r i ! in
to nr.1rb! habitats.

Thc  oDenness  o i  n ia r ine  ecos l ' s te r rs  has  -severa l  consequences  1or  e l rv i ) 'onmtsn t i i l  managcn(n t .  Th ty
may b t  in l luenced by  events  beyond lhe i r  oun boundar ics  1 'e l  they  may be  qu ick ly  rcco lon ised f ronr
o ther  a rcas  by  means o f  p lank ton ic  lanae i f  they  brcorne  degraded.  . i \ la r ine  reserve  man i igemcnt
nust take these factors into account.

In  add i t ion  to  the i r  na ture  consen 'a t ion  and pub l ic  recrea t ion  func t ions ,  mar ine  pro tec led  areas  p lay
an important role in the lorg terrn sustainable use ol the l iving resources of thr coastal zone. It is

P r r t l - 5



now well established that marine areas where habitats have become degraded or where living
resource stock have become depleted through overuse, may be much more quickly repaired and
replenished ifthere are protected, unexploited areas nearby. This is true where tourism has degraded
the habitat or where fishing has depleted the target stock. The folloluing quotation from a recent
IUCN Newsletter makes this point:

"In recent ye2rs there have been a number oftheoretical studies that indicate marine reserves may be
useful as fishery management tools in multi-species trcpical fisheries. Mathematical models su€gest that
reserves closed to fishing, can improve fishing outside the reserves by providing both a source ofjuveniles
and adults which move out ofthe leserve and by maintaining a large spawning population which produces
larvae which settle outside the reserve. Empirical studies are scarce but a recent pap er in the Joumal du
Cor?sel'A direct test ofthe effects of protective management on abundance and yield of a tropical marine
reserve,' (1990, volume 47, no. 1, p. 40-47, by Alcala and Russ), provides empirical evidence that reserves
can improve yields. The authors compared yields from fishing on the coral reefs at Sumilon lsland in the
Philippines when 25% of the reefhabitat wx closed to fishing with yields from fishing during a period
when the entire reef habilat was fished. Ifteg estimoted that closing 250/o ofthe reef habitqt to fishing
resulted in 540/o higher catches for the entire island than catches obtained ahen the entire reefarea was
lkhed.'
[Emphasis added. Source: IUCN-CNPPA Newsletter No. 54, April-June 1991.]

At present Western Australia has eight marine reserves, seven established under the Conservation and
Land Management Act 1984 (CALM Act) and one under the Rottnest Island Authority Act 1987.
Recognising the need for a Statewide marine parks and reserves system, the State Government
established a Working Group in 1986 comprising marine scientists and planning officers representing
a range of Government agencies and academic and research bodies. The brief of the Working Croup
is to review the coast as a whole, and to identify areas that have particular values for conservation,
scientific, and public recreation purposes making them worthy of reservation, so improving the
representativeness of the State marine reserve system.

Given the multiple purposes ofa marine reserve system, it is necessary to select and reserve areas
wittn either high nature conser!?tion value or recreational use, or both. Nowadays, when nature tours
and appreciation of the nafinal environment are becondng so importan! in outdoor recreation,
nature conservation values, such as high species diversi$and aninrnl breeding colonies, may be
significant elements of the recreational resource. Sometimes the particular conservation value may
be incompatible with access for recreational use but often the two purposes may be fulfiilled
simultaneously, with appropriate management.

There are sometimes circumstances where coastal areas should be reserved because they are already
subject to heaw recreational use and need to be managed. At the other extreme, an area may have
extreme conservation or scientific value for a specific reason - the reservation ofthe Hamelin pool
Marine Nature Reserve for protection of stromatolites and other sedimentary deposits is an example.
More generally, however, the principle of representative habitat tlpes and biota is the basis of reserve
selection.

It must be emphasised that the ayailable information on the habitats, flora and fauna and
recreational potential of many parts of the Western Australian coast is very limited. Although the
Working Group has done its best to gather what information exists, it is inevitable that further
studies will bring to light areas of high conservation and recreational value that have been
overlooked in this survey. The recommendations in this report should not preclude the addition of
other areas of high value that may be discovered in future.

The areas proposed in this report as worthy of consideration for reservation have been identified on
the grounds of conservation, scientific and public recreation values. It is acknowledged that further
consideration of management issues, especially those relating to boundaries and impacts on existing
users, will be necessary before any reserve is declared. The boundaries shown in the maps of this
report, where they occur, are provisional only, and may be modified during the necessary further
public consultation phases.

The recommendations in this report reflect the professional judgement5 ofthe Working Group. They
do not constitute the public notices required by the statutory processes for marine resewe
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declaration described in Section 1.2. If the Government adopts the report in principle, it will be
necessary for each area recommended for reservation to be considered individually and in detail.
Before any area can be reserved, a notice of intent musl be published, specifying its proposed
boundaries and purposes and inviting public comment. Endorsement of the Minister for Fisheries
will be necessary. Only when these steps have been taken, may the Minister for the Environment
publish the declarations in the Government Gazette. Final approval of each reserve proposal then
depends on acceptance by Parliament.

Part I of this report contains basic descriptive information about the biological and physical
environment of WA coastal waters, which the Working Group prepared as a basis for its work. The
later parts deal with particular details of each of the major biogeographical zones along the coast,
from north to south, using the modified criteria recommended in the Council of Narure
Conservation Ministers' report (CONCOM, 1985), and identify areas that the Working Group
considers to be worthy of reservation for conservation or recreational purposes.

1.2. Statutory basis for marine parks and marlne nature reterves in Western
Aurtralia

In Australia, land is "owned" by the Croun or by private individuals under freehold tenure. Crown
land may be leased, reserved for particular public purposes, or held as Vacant Crown Land. In many
traditional societies in maritime countries, areas of the sea may also be held in some form of
"ownership", at least conceming the rights to it5 produce, but these concepts are not well developed
in contemporary western societies. The Commonwealth and State territorial seas are owned solely by
government, there is no private freehold, and the major part of the territory is regarded as a
"common" with its resources acceJsible to everyone. Statutory provisions for leases and limited
access to fishery and mineral resources cover a minor part of these waters.

Coastal lagoons, estuaries and rivers in the south-west of Western Australia are subject to particularly
heavy use and their management is often complicated by the fact that many different authorities are
involved. The Waterways Commission has been established to ensure that waterways are conserved
and effectively managed to maintain or enhance environmental quality and public amenity. The
Commission is established under its own legislation and has powers for the declaration ofwaterways
in need of coordinated management as Management Areas. The Swan River is a special case and co-
ordination of management is the responsibility of the Swan River Trust. Powers to control pollution
in the estuary of the Swan are delegated to the Trust under the Environmental Protection Act.

Reservation of areas of the territorial sea for particular public purposes is a relatively new concept.

Aquatic reserves may be declared under Section 30 of the Fisheries Act 1905 for the purposes of
protecting fish stocks or their habitats, or for other purposes relating to the fishing industry. A
Fisheries Act aquatic reserve cannot be established over the same waters and land that comprise a
marine nature reserve or marine park undEr the CALM Act. Similarly, aquatic reserves cannot be
established for the same purposes as those assigned to CALM Act marine reserves. Aquatic reserves
declared under the Fisheries Actwould be vested in the Minister for Fisheries and managed by the
Department ofFisheries. However, no marine or estuarine area has been reserved in Western
Australia under Fisheries legislation. Retention ofthe aquatic reserves provisions in the Fisheries Act
is currently under review.

Legislative provisions for the declantion of marine reserves for nature conservation and public
recreation, equivalent to teyrestrial national parks and nature reserves, were introduced in Western
Australia in 1984 with passage of the Conservation and Land Management Act (CALM Act). Most
marine areas beloru High Water Mark that are reserved for the purposes of conservation and public
recreation are declared under Section 13 of the CALM Act and are vested in the National Park and
Nature Conservation Authority. Land above High Water Mark that is adjacent to or integrally related
to reserved marine areas may be declared under Part 111 of the Land Act 1933, as either marine park
or marine nature reserve. Provisions of the CALM Act relating to the declantion and management of
marine reserves were amended in 1988 and 1991.
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There is one marine reserve established under special legislation in Western Australia - the Rottnest
Island Authority Act 1987 established the Rottnest Island Reserve including the waters surrounding
the island for a distance of 800 m. The marine part of the Rottnest Island Reserve does not have the
status of a marine park but is reserved for the same purposes.

Marine reserves established under the conservation and Land Management Act are of ha,o types:

l. Maine Nature Reserre: Marine nature reserves are reserved for:

the conservation and restoration of the natural environment;
the protection, care, and study 0f indigenous flora and fauna; and
the preservation of any feature of archaeological, historic or scientific interest.,,

Marine flora and fauna may not be "taken" (ie. killed or interfered with) in marine nature
reserves except for scientific purposes under licence. Recreational and commercial
frshing are not permitted.

2, Marine Park:Marine parks are reserved for:

",.. the purposes of fulfil l ing so much of the demand for recreation by members of the public as is
consistent with the proper conservation and restoration of the natunl environment, the Dtotection of
indigenous flora and fauna and the preservation of any feature of archaeological, historic or scientific
interest: ... "

This defined purpose is qualified by the following:

"... but in the event of any conflict or incoflsistensy between any of ths fureEloin€ pu{poses and an}
pro.vision of the Fish'eni€s Act 1905 relating to commercjal. or recreatiooatr fishing, the lattersha,lllprwaill,,

Thus, comrnercia,l and recreational fishing are permissible in marine park in accordance
with the Fisheries Act and administered by the Fisheri?s DeDartment.

The Declarotion Process
The GALM Act specifies the procedures for declaration of marine parks and marine nature reserves.
which inc lude:

publication of a notice of intent specifying the boundaries of the proposed reserve and its
proposed purposes;
a period of not less than 2 months for public comment;
referral to Local Authorities and the Minister for Fisheries;
submission of the proposal by the Minister, modifierl as he thinks fit, to the Governor for
consideration of the publication of an order in the Cazette effecting the reservation;
tabling of the order in each of the Houses of parliament within 6 sitting days of its gazettai;
during the following 14 sitting days either House may pass a resolution disallowina the order
which would thereupon cease to have effect.

The Act provides that the Minister

"shall not make a submission to the Governor .., unless the Minister to wh0m the Fisheries Act 1905 is for
the time being committed concurs with the submission".

Mtnngement
Once declared, marine parks and marine nature reserves are vested in the National parks and Nature
conservation Authority and managed by the Depadment of conservation and Land Management. In
the cxe of marine parks, commercial and recreational fisheries are managed by the Fish;ies
Department.

The CALM Act specifies procedures for the development of management plans by the National parks
and Nature conservation Authority, including publication ofdrafts and periods ior pubJic comment,
and the eventual referral of the plans to the Minister for his aooroval.
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Under the provisions of the Act, ifthe Minister for Fisheries has made submissions on a proposed
management plan for a marine park, the Minister:

"... shall not approve the proposed plan -
(a) unless he is satisfied that it gives effect to those submissions; or
(b) unless he has referred the proposed plan to the Covernor and is satisfied that it gives effect to th€
decision of the Covemor, so far as the submissions or the decision relate to the taking of fish (within
the meaning in the Fisheries Act 1905) in the park."

The CALM Act contains provisions allowing for the zoning of marine parks and marine

nature reserves, so that spatial separation ofincompatible activities may be achieved.
Preparation and approval of management plans follow a statutory process, which obliges
the management authority to manage a marine reserve and its specified zones in
accordance with the approved management plan.

Marine parl$ and marine nature veserves declared under the CALM Act may be classified as Class A,
in which case the purpose and boundaries of the resewe may not be amended or cancelled except by
an Act or a resolution of one ofthe Houses of Parliament.

The Rottnest Island Authority Act gives the Authority the power to protect, maintain and restore the
flora and fauna and natural environment of the Rottnest marine reserve. Regulations have been
passed by the Authority declaring two small marine areas as "conservation zones" where flora and
fauna are totally protected. Control of fishing activities within the remainder of the reserve is effected
under the Fisheries Act.

There are no statutory requirements for management plans or public participation in planning in the
case of Fisheries Act aquatic reserves.

1.3. Designing a marine reserve system for <onservation and public recreation in
Western Australia

Conservation reserves are intended to contribute to the maintenance ofbiological diversity and a
sustainable and enjoyable environment. Broadly, the main aims are to provide secure natural habitats
for indigenous flora and fauna where species and communities of species may persist indefinitely, and
urhere people may experience and enjoy the environment in a natural state. Secondary, but also
important aims are to secure natural areas and their biotn for study and reference purposes, and to
ensure continuance of natural processes that have positive effects on environmental health and
human economic activities.

Given the multiple aims of a conservation reserve system, the design and selection criteria must
involve both socio-economic and biological factors.

Natural areas with high scenic quality are highly valued as recreational reserves. Accessibility and
infra-structure for management are important socio-economic factors that must be taken into
account in selecting natural areas for designation as recreation resewes. High biological diversity
and biological and geological features of special interest are also important factors in selecting
natural treas for recreational use. However, in some circumstances, recreational activities may need
to be constrained to avoid damage to these natural values. Areas with high natural values that are
subject to intensive recreational use may need intensive management to protect those values and
reservation is a means by which management can be effectively implemented.

There has been a number of attempts to develop a methodology for designing reserve systems for
conservation of flora and fauna (eg. Bolton & Specht, 1983). A strictly biological resewe selection
method would be based on the criteria of diversity, r€presentativeness, naturalness and
effectiveness.

Most methodologies begin with a biogeographical classification of the region and select ecosystem
types within the biogeographical units in order to achieve the best possible representativeness. The
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assumption is usually made that a reserve system that is representative of the region,s ecosystems
will maximise species diversity contained within them, even though details ofthe actual floral and
faunal composition may be unknown.

The "naturalness" criterion gives preference to areas that have been little affected by human activity.
(Paradoxically, this is a criterion for selecting recreation reserves as well as nature conservation
reserves, even though increased public access may reduce the naturalness ofthe areas.)

The "effectiveness" criterion refers to the manageability ofthe area and includes size and boundary
factors. Larger areas are usually more naturally sustainable than smaller ones.

Following a series of seminars, the council of Nature conservation Ministers produced a working
paper on the development ofa marine reserves system in Australia (CONCOM, 1985). The CONCOM
paper recommends a twolevel classification of the Australian coasfline, firstly on geographical
regions and secondly on habitat type, as a basis for the selection of a representative system of marine
conservation reserves (referred to as "Marine and Estuarine protected Areas', or MEpAs).

This report is based on a modified version of the coNC0M classification of coastal biogeographical
regions. The western Australian coast has been divided into four sections, ie. Kimberley, canning-
Pilbara, west coast and South coast. The divisions between them (in the areas around cape Leveque,
North west cape and cape Leeuwin) represent parts of the coast where significant changes in biota
occur. The biological differences between the four sections are believed to have developed as a result
of the geological events that shap€d the Australian continent as well as modern climatic and other
environmental conditions.

In terrestrial systems, the next level of classification after the biogeographical one is usually based on
vegetation. This is not so relevant in the sea. The Working Group has found it helpful to apply a
classification of coastal geomorphology as the second level in the process. coastal marine habitats
are very much dominated by landform and sediment type. The concept of "major distinctive coastal
gpes" has been adopted as the second level of classification, based mainly on geomorphological
cdteria. Wthin those coastal types a number of ecosystem types occur (eg. coral reefs, mangals,
rocky shores, seagrass beds, tidal flats) whose local expression is grea y influenced by the gross
geomorphology of the area.

This structured classificatory approach to yeserve selection has led to a concept of a four-tiered
system for environmental management of Western Australian coastal waters.

I' The broadest tier of the system regards the entire area of the State's territorial waters as
equivalent to a "common". Its resources, living and inanimate, may be utilised by appropriately
authorised people and agencies subject to regulations established under such State legislation
as the Fisheries, Environmental Protection and petroleum Acts. In some respects the marine
common is akin to vacant crown Land in the terrestrial environment. Although management
of non-reserved areas is beyond the scope of this working Group's brief for marine reserves,
members hold the view that there is a need for more consideration to be qiven to
environmental management ofthe whole coast.

2. The second tier in the system is thal of major distinctiae coastal tgpe described above. An
example is the Ningaloo Reefwith its lagoons, reefs and off-shore zones. Another is the section
of coast between the southern end of Exmouth Gulf and Onslow with its wide mangals, the
intertidal and shallow sublittoral flats seaward of them and the wide supra-tidal flats behind
them. The South West estuaries also fall into this category. In each of these examples the
ecosystem as a whole is definable in geomorphological terms and is likely to have a high degree
of internal ecological integrity.

Each of these examples has special merit in conservation and resource management terms, within
the wider coastal context, and is worthy ofspecial care and management attention. Such marine
areas could be treated as environmentally significant areas subject to more stringent protection with
respect to resource utilisation than the surrounding "common". Management and protection could be
exercised through fishery, environmental protection, waterways and mining legislation, as has been
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done in the case of the coastal lagoons and estuaries in the south-west of the State (see Section 1.2).
An alternative would be to reserve the whole of these areas for management as multiple-use marine
protected areas.

3. The third tier of the system is that marine areas ofspecial recreation, resource or conservation
value should be reserved for specified uses, giving a greater level of protection and
management. These might include areas representative ofthe habitats found within a
distinctive coastal type or areas of unique recreational or environmental value. Areas selected
for reservation specifically for the purposes of conservation and public recreation would usually
be within a major distinctive coastal tlpe subject to special management and would thus be
afforded the necessary buffer against adverse external influences. In some cases marine
recreational and consewation reserves could be large and comprise an entire distinctive coastal
type or ecosystem unit, such as Nornalup-Walpole Inlet, Shark Bay or the Ningaloo Reef.

4. Finally, the fourth level of the concept is for marine areas of extreme conservation value or
sensitivity that should be reserved to afford total protection against any form of use which
might produce or risk change in their ecosystems or affect any of their species or features.
Such resewes or zones could be designated to protect features of special importance (eg. turtle
nesting sites, stromatolites) or to protect communities in pristine condition for scientific
reference or public education and enjoyment purposes. Marine nature reserves and marine
park sanctuary zones will usually be relatively small.

In this four-tiered marine management system reserves are areas set aside for specific public
purposes within a "whole of coast" management context. The scheme overcomes the difficulty that
ecosystems of isolated marine reserves may be hard to maintain if they are surrounded by and inter-
connected with unmanaged areas of "common". The marine reserve system proposed in the follouing
parts of this document assumes that means will be found to provide adequate management of the
marine environment surrounding them.
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2. EXISTING MARINE RESERVES

The Western Austrdlian Conservation Through Reserves Committee (CTRC) recommendations of the
1970s and 80s included proposals for several marine reserves. At that time there was no Westem
Australian legislation for the declaration of marine reserves other than "aquatic reserves" under the
Fisheries Act. Wth passage of the CALM Act (1984) statutory provision was made for declaration of
marine reserves for nature conseruation and public recreation purposes.

Some ofthe CTRC recommendations for declaration of marine reserves have now been
implemented, often with modification ofthe originally suggested boundaries resulting from
negotiation with the fishing industry and other interested parties, and from additional knowledge of
conservation and recreational values. Western Australian marine reserves existing as at 30 June, 1993
are as follows:

CAW Act mdrine reserues
. Ningaloo Marine Park (224 000 ha., declared 3/4/87)
o Marmion Marine Park (9 350 ha., declared U5/871
. Shoalwater Islands Marine Park (6 545 ha., declared 2515/90)
. Rowley Shoals Marine Park (23 388 ha., declared 2515/90)
. Swan Estuary Marine Park (340 ha., declared 2515/90)
. Shark Bay Marine Park (748 735 ha., declared 30/11/90)
o Hamelin Pool Marine Nature Reserve (132 000 ha., declared 25/5/90)

Special legislation marine resetue
. Rottnest Island Reserve (declared 1987)
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3. NATURAL MARINE SYSTEMS IN WESTERN AUSTRALIA

3.1. General

In broad terms two different factors determine the characteristics of coxtal biota and habitats.
Geological and climatological history determine the broad geographic distribution patterns of
speciei, while physical environmental factors determine the particular combinations of species
forming local communities and ecosystems. A "Iepresentative" system of reserves must take into

account both broad biogeographic and local ecosystem factors.

Marine environmental management is a new and developing field. As on land the basic objective is to
ensure that natural features are sustained indefinitely. This may require measures to protect them
from inappropriate or excessive use. A key to success will be understanding the interactive biological
and physical components of marine natural systems.

A broad overview of the Western Australian coastal and estuarine environment has been given by
wlson, Hancock & chittleborough (19?9). Hodgkin & Major (1978) published an index to ecological
information on estuaries and embayments of westeln Australia. other more specific references are
given in appropriate Sections of this report.

3.2. Distributlon patterns of thc wA marine flora and fauna

Distribution patterns of the Australian marine fauna have been reviewed by Wilson and Allen (1987).

Distribution patterns of marine flora are generally similar and their review may sewe as a source of
information on both marine flora and fauna distributions in Western Australian waters.

Basically, there are two fundamental marine floral and faunal provinces in wA, a tropical province in
the north, and a temperate pYovince in the south.

The tropical northern flora and fauna belong to the vast Indo-west Pacilic Region uhich stretches
from the east coast ofAfrica to French Polynesia in the central Pacific, and from the Ryukyu Islands
of Japan to the northern coasts ofAustralia' A majority of species found in northern WA are
widespread throughout that region, although there is significant local endemism, especially in those
groups which lack a longlived planktonic dispersal stage.

The temperate flora and fauna belong to the southern Austfalian Region which extends across the
entire south coast of the continent. The majority of southern Australian species are endemic to this
Region. There is also a significant degree oflocal endemism along the south-westeln and south-
eastern coasts of southem Austnlia.

The modern Indo-west Pacific floral and faunal elements are descendants ofthe flora and fauna of
the once even greater Tethyan Province which, during the early Tertiary, occupied the uorld's entire
tropical zone. The modern Southem Australian marine floral and faunal elements have a much more
varied and complex history. The region is dominated by species which originated from an ancient
high-latitude southern hemisphere biota. These species account for much of the very high level of
endemicity in the southern marine flora and fauna. They have a different evolutionary history to the
species ofthe northern Indo-West Pacific elements. However, in the south-west, there are many
endemic species derived in more recent times fvom Tethyan and Indo-West Pacific ancestors.

The central west coast of WA, ie. from about Carnarvon to Cape Leeuwin' is a zone of overlap
between these two major floral and faunal provinces.

It follows from this brief summary that the marine floras and faunas of the northern and southern
coasts respectively are quite different in species composition, due to quite different geological
histories. There are also modern processes, however, which influence the present geographic ranges
of species, ie. local climate, ocean currents and the geomorphological character of coastal habitats.
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3.3. E<osystems

The two highest levels of biotic (biological) organisation in natunl systems are populations of
particular plant and animal species and communities comprised of intenctive sets of populations of
different species. Communities of marine organisms in turn interact with physical or ibiotic systems
(eg. weather, water circulation, sediments) ofthe environments in which they occur to form
recognisable combinations ofhabitat and biota called ecosyst€ms. Ecoqrtems may be defined by
either their physical or biolcgical chancteristics but they always encompass both tlpes of processes.

Ecosystems represent important functional units which must be considered in their entiretv when
developing strategies for marine reserve management.

Ecosystems may extend over hundreds of metres (eg. conl islands), or over hundreds of kilometres
(eg. the Ningaloo Reef). Regardless of their size, or the level of organisation at which they are
defined, it is the interaction ofbiological and physical processes which determine the pattern and
productivity ofthe diverse marine ecosystems which characterise the Western Australian coast. It is
of great significance to management that these processes are already being modified by human
activities in many marine enviyonments of Western Australia.

All ecosystems interact with others, due to such factors as water flow or animal migration. This
interaction ranges from subtle exchanges to direct influence on the structure or even the existence of
geognphically-associated ecosystems. Migntory animals range across ecosystem boundaries during
their seasonal cycles of activity. some marine animals (eg. the Shark Bay dugong population) are
confined within one ecosystem. others depend on different ecosystems for different activities, eg.
marine turtles and sea birds which feed in the ocean and breed and rest on the land.

A particular feature of marine ecosystems is the extent to which species depend on very different and
geographically sepanted ecosystems for different stages of their life cycle. Most important are the
many cases of marine animals which have a pelagic larval stage floating in the upper layers of the
ocean, alternating with a more sedentary, or even attached, sexually mature, adult stage living on the
sea bed.

This is one ofthe features of marine ecology responsible for a much higher de gree ol inter-
connectedness than is the case with terrestrial ecosystems. A forest may be greatly influenced by
recruits brought in by wind or migratory animals, but for the most part it is self-contained. A coral
reef may depend to a much larger extent on immigrants brought to it by water currents from"upstream" for continuance of its generations and, for daily sustenance, its members may depend on
water-borne planktonic food and nutrients from outside the system.

water currents and tidal flows also play a much greater role in the distribution of energy (as organic
food and inorganic nutrients) from one ecosystem to another, than wind and water achieve in
teffestrial environments. For example, mangals (mangrove assemblages) are extremely high
producers of organic detritus, constantly feeding energy into adjacent coastal ecosystems by means of
the pumping action of tidal flows. some coastal ecosystems are enriched by nutrients derived from
adjacent deep-water ecosystems, or from the land ala river flow or groundwater seepage.

This very high degree of inter-connectedness between marine ecosystems means that there is also a
high degree of i nterdependence which must be taken into accountwhen planning a marine reserve
system and managing coastnl marine environments. Healthy mangals and estuaries, for example, are
essential as nursery areas and sources of food for coastal marine ecosystems; any effective reserve
system must give special attention to the protection of these most important areas. well developed
tropical mangals in the Indo-west pacific Region may have a rate of primary production of as high as
5 kg carbon per m2 per year, equal to the primary production oftropical rainforests, and mucir oTtnis
material is released into the adjacent coastal waters.
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3.4. Physi(al basls to e<oryst€m definitlon

While it is important to stress the biological components of ecosystems and hence devise a system of
classification that reflects this emphasis, it is also helpful to view ecosystems from a physical
perspective. The physical ftamework can be often more easily defined and described than the biotic
components. Classification of ecosystems is most conveniently based on physical descriptors, as
follows.

At the largest scale the recognised marine ecosystems based on physical structure are:
(i) continental shelf systems;
(ii) shore systems;
(iii) estuarinesystems.

This represents a gradient from wholly open marine systems to partly marine-padly land influenced
systems. These main ecos)Etem types with their internal subdivisions, and some of their conspicuous
biotic assemblages are briefly described below.

Continental Shel f sgs tens
Continental shelves fringe the shores of Western Australia. ln some instances the shelves are
relatively narrow and simple. In other areas the shelves are bathymetrically complex, broad and
intemally very heterogeneous. Major publications that deal with continental shelves are Fairbridge
(1953) and Collins (1988). Continental shelves may have substrates ofsand, gravel, rock or mud, and
these constitute major habitat settings on the sea-bed for different biota. There is also the habitat
provided by the oceanic water column which supports a host of {ree-swimming and free-floating life
forms.

Shote sgstems
The shore systems are located in the broad zone between the open oceanic system and the
hinterland. Wthin the shore system there are:

o beaches;
. rocky shores;
. tidal flats;
o sounds and embayments;
. deltas.

Beaches are composed ofsand or gravel and are relatively simple systems. The other types of shore
systems, however, can be quite complex in terms of internal geomorphology, substrates, energy
gradients and water depths. Accordingly the range ofbiotic assemblages which inhabit shore systems
can be similarly complex.

Rocky shores can be of limestone, or granite, gneiss, or other indurated metamorphic and
sedimentary rock, and the extent of their development is dependent on the coastal setting and the
hinterland geology.

Tidal flats can be dominated by mud, sand, rock, or rock pavement, with concomitant changes in the
benthic biota.

Sounds and embayments tend to be dominated by mud in their deepwater parts and may be fringed
by more complex shorelines.

Deltas tend to produce tidal flat and beach systems within their structure.

Estuoine s{stems
The estuarine systems are inland of the shore systems and consist of lagoons, inlets and embayments
where fresh water influx has a major effect, either daily with tide or seasonally with the climate, or
both. Estuaries contain a complex of physical and chemical variations and support a variety of
benthic, nektonic and planktonic plants and animals. Estuaries are transitional ecosystems between
fully marine and fully freshwater systems.
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3.5. Currents

The current systems around the Western Australian coasts have been extensively studied. Summaries
may be found in Pearce & Cressr,vell (1985) and in a special volume of the Journal of the Royal
Society of Western Australia dealing with the influence of the Leeuwin Current on coastal climate
and marine life, edited by Pearce & Walker (1991).

The dominant currents influencing the WA coast are.
i) The West Wnd Drift, a circumpolar current which flows across the southern face of the

continent from west to east. It carries ]arval dispersal stages in that direction and is responsible
for the presence of some Australian species in the New Zealand biota, and the presence on the
southern Australian coast of cerLain species which have southern hemisphere circumpolar
distributions.
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i i ) The Pacific-Indian Current (derived from the South Equatorial Current of the Pacific) which
flows across the northern face of the continent from east to west (interrupted to a large extent
by New Guinea) bringing Pacific water (and larvae) onto the North West Shelf.

The Leeuwin Current which flows offshore from north to south down the central west coast,
carrying the propagules of tropical species into the Southern Australian Region (Pearce &
Walker, eds., 1991). This current varies seasonally and annually in its rate of flow and extent of
southward Denetration.

3.6. Geomorphology

Apart from the influence of climate and currents, many of the important differences in marine
habitats from north to south, result from geological and other physical features. According to Jutson
(1950) six to twelve major geomorphologic zones can be recognised around the Western Australian
coast. The recognition of these zones is based primarily on the combinations of natural features of
climate, coastal geology, rivers, tides, coastal water movem€nt and exposure to oceanic forces. Other
authors have provided a more simple subdivision of the Western Australian coast, recognising major
sectors related to subcontinental scale geology (eg. Woods, 1980; Woods et. al., 1985; Gill, 1982). On
the other hand some authors, with more detailed work, have subdivided what appear superficially to
be single units into complexes of units, eg. Galloway (1980) and Semeniuk (1993a) for the tropical
Western Austnlian coast, and Searle & Semeniuk (1985) for the inner Rottnest Shell coast. It is at
the local scale that organisms respond and the species composition of communities is determined.

For the purposes of this study 10 primary geomorphic coastal zones are recognised along the Western
Australian coast. They are briefly described below in order from north to south.

7, Cambidge Gulfl, This is a large seasonal estuary and gulf characterised by broad tidal flats backed
by a hinterland of high relief. The region is macrotidal and with relatively Iow wave energy although
the terrain toward the outer reaches of the system is subject to wave action. The area is set in a
semiarid tropical climate. Mud flats and some sand and gravel flats dominate the shore zone.
Sediment is brought in annually by the Pentecost, King and Ord Rivers. The dominance of mud, and
the macrotidal and wind and wave conditions result in water being turbid throughout the year.
Mangrove formations are conspicuous features of the shore vegetation.

2. The Kimberleg Coasf. This coast is characterised by low-energy (ie. low wave action) conditions,
except for occasional severe cyclonic storms. It is a ria coast with deep embayments and many
islands. It also has a high but seasonal rainfall, and there are many large rivers which flood annually.
Consequently, the shelf areas off the Kimberley coast are characterised by terrigenous sediments and
the coastal waters are turbid. There is also an extremely high tidal range. Mangals, tidal mud and
sand flats, and some rocky shores are the dominant habiiats. Coral reefs occur but are not usually
well developed except around offshore islands. Semeniuk (1985) recently subdivided this coastal zone
into medium and small scale habitat units that are characteristic of the whole ria-t\,De shore in this
region.
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3. King sound. This large sound, encompassing the Fitzroy River estuary and Stokes Bay, is similar
in mariy aspects to Cambridge GuU. It is a large gulf with some features of a seasonal estuary. Its
shores ire iharacterised by broad tidal flats. The region is macrotidal with relatively low wave
energy. The area is set in a semi-arid tropical climate and the estuary/gulf is the receivin! basin for
the FiLroy, May and Meda rivers. Mud flats, sand flats and gravel flats dominate the shore types, but
to the north there is local development of rocky shores as the system grades into the lia shore
complex of the Kimberley mast. As with cambridge Gulf the dominance of mud and the extreme
tidal range result in turbid waters in the area throughout the year. The southem part of King sound
has been subdivided by Semeniuk (1981a, b) into 5 shore types.

4. Canning Coast.This coastal zone, extending from Cape Leveque to Cape Keraudren, is
characteriied by shores ofMesozoic rock, oolitic limestone, or dune sand, a€iainst which have
accumulated dunes, barrier dunes and associated inlets, and tidal embayments. The coast is
characterised by little or no fluvial run-ofi a carbonate mud-dominated sedimentary system and a
shore with altemating small embayments and headlands (semeniuk 1985). The northern part of the
area is set in a semiarid climate and the southern part in an arid climate. The shore has a very large
tidal range but wave energy varies from moderate along some parts of the Dampier Peninsula coast
and Eighty Mile Beach, to low within the broad shelving embayments such as Roebuck Bay.

5. The Pilbam coasf. This coast is also a low-eneygy coast and the climate is arid. The coastal
geomorphology has been described by Semeniuk (1993a). Although there are large rivers, they are
ieasonal and flooding is infrequent. Nevertheless, the shelf sediments consist primarily of terrigenous
muds, and long beaches and muddy tidal flats dominate the shoreline. Coral reefs are better
developed than on the Kimberley coast but are not a major feature except on the more distant islands
and along the shelf-break.

Along the Pilbara coast systems of barrier islands and associated protected la€loons, embayments,
deltas, and archipelago-ria shores predominate and the coast is either open oI partly protected by
chains and clusters of small islands. The hinterland has moderately high topographic reliefuith Pre-
Cambrian rocks, and is drained by numerous rivers and streams. These fluvial features have built a
coastal plain and deltas along the coast. The boundary ofthe Pilbara coast section is well defined in
the north by the Decrey River and its delta, and in the south by the YannyaYe and Ashburton Rivers
and their deltas.

There are 3 main factors contributing to the gyoss development of regional coastal t)'"pes in the
Pilbara coast:

. deltaic construction to develop delta lands, and post depositional destruction ofdeltas to
develop barrier islands;

. accumulation ofaeolianites along former shorelines forming Pleistocene ooid limestone
ridges, often also developing barrier islands; and

o extension of the Pilbara hinterland geology as bedrock outcrops in the coastal zone.

The Pilbara zone can be viewed as a system of nearly continuous stretches of barrier islands
composed of shelly limestone or ooid limestone behind which are the protected embayments, lagoons
and tidal flats. This prevalent pattern is disrupted locally by active deltas, or by bedrock outcrops, to
develop a contrast in coastal form at the regional scale.

6. North West Shelf Oceanic Pmttince. The outer part ofthe North West Shelf, from the North
Kimberley to North West Cape, comprises an oceanic province. It is sometimes divided into a
northern part known as the Sahul Shelf, and a southern part known as the Rowley Shelf. Except
where there are tidal scour channels, the bottom sediments of the shelf tend to be fine silty sands or
muds.

There is a series of coral atolls along the shelf-edge, and a number ofouter-shelf and mid-shelf
islands. Together these comprise an oceanic geomorphic zone. The islands can be naturally $rouped
into categories based on materials that comprise their cores; these cate$ories also tend to form
geographic groupings. The categories are:

o Tertiary-Pleistocene coralline limestone atolls;
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r Tertiary limestone islands;
. Pleistocene ooid limestone islands;
. Pleistocene shelly limestone islands;
. Holocene sand islands.

The shelf-edge atolls (Seringapatam, Scott and the three atolls in the Rowley Shoals) are formed on
the tops of faulted block of coralline Tertiary limestone and are ancient structures. The largest of the
coastal islands is Barrow in which the Tertiary limestone is an extension of a structural trend from
Cape Range. The Lowendal Group and Montebello Islands are formed of Pleistocene ooid limestone.
The remainder are relatively small islands composed either ofPleistocene shelly limestone, or
Holocene sand, or Pleistocene limestone core with a Holocene sand mantle.

7. The Cape Range-Cascoyne Coast. Ovenll this is a moderately high-energy zone, encompassing
the coast from Cape Range to Kalbarri. It comprises uplifted Tertiary sedimentary rocks and
Quaternary limestone and basin deposits forming a regional-scale barrier in the Cape Range area.
Ridges of limestone and sandstone form rocky shores which are subject to high-energy wave action.

This zone abuts arid lands with few rivers which flood infrequently. The shelf is relatively narrow,
dominated by bioclastic carbonate sediments, and has relatively clear waters. Coral reefs are well
developed and there are some species-poor mangals in protected areas. The Ningaloo Reet the
Gascoyne Delta, the Shark Bay embayments, and the rocky Zuytdom Cliffs in exposed areas are
significant features of the region, each forming a very different kind of marine habital making this
sector one of the most varied and complex on the WA coast.

Although moderate to high wave energy is a major feature of this coasl there are embayments where
wave energy is less and fine sediments accumulate. The limestone ridges cradle small embayments in
which mangrove environments may develop, as along the southern and south-western shores of
Exmouth Gulf. There are also two major embayments, Exmouth Gulfand Shark Bay, which are
protected from the strong prevailing southerly wind of the region by the peninsulas forming their
western boundaries, although the embayments are subject to storm impact from the north. As a
result, mud accumulates in theiy relatively low-energy environments. This sediment is derived from
eroding shores, the aeolian hinterland and fluviatile sources.

8. The Centrol West Coast (ie. Kalbarri to Cape Naturaliste). This coast is a microtidal, relatively
high-energy area, with a moderately narrow shell clear water and few rivers, and is dominated by
bioclastic carbonate and quartz sediments. The coastline is commonly of long sandy beaches with
occasional limestone cliffs and headlands, and with offshore limestone island and reef complexes.
Limestone rock platforms are a feature of this coast. There are many estuaries, ofwhich three, the
Swan, Peel-Harvey and Leschenault, are Iarge and permanently open to the sea. Cockburn Sound is a
major enclosed marine embayment. Jurien Bay, Warnbro Sound and Geographe Bay are major but
more open embayments. Sheltered lagoonal habitats are developed behind off-shore limestone reefs
in many localities. Although south of the usual latitude for coral reef development, there are
significant shelf-break coral reefs at the Houtman Abrolhos which have developed as a consequence
of the southerly-flowing Leeuwin Current.

Searle & Semeniuk (1985) subdivided the coastal environment ofthe central west coast south of
Dongara into five distinct natural sectors. Each sector has its own distinctive ancestral
geomorphology, processes of sedi mentation-erosion-tlansport, stratigraphic evolution and modern
coastal geomorphology. These coastal sectors are:

. Wedge Island-Dongara sector, characterised by a complex nearshore bathymetry of ridges
and depressions, limestone rocky shores erosionally scalloped at a large scale, extensive
shoreward migrating dune fields and asymmetric accretionary cusps of Holocene sediments;

. Whitfords-Lancelin sector, characterised by marine ridges and depressions, limestone rocky
shores and isolated accretionary cusps of Holocene sediment;

. Cape Bouvard-Trigg Island sector, characterised by a complex bathymetryic morphology of
marine ridges and depressions developed on limestone, and extensive but discrete sites of
Holocene sediment accumulation resulting in prograded beach ridge and aeolian sand
plains;

Part I - 20

I
I
I

I
I
I
I
I
T
T
T
I
T
I
I
T
I

I
I
t
I
I



I
I
I

I
T
I

I
I
I
I

I
I
I
I

I
I
r
I
t
I
I
I

. Leschenault-Preston sector, characterised by a barrier dune-estuarine lagoons system and a
simple submari ne bathymetry;

. Geographe Bay sector, characterised by a low hinterland, a broad, open, north-facing
embayment and by simple bathymetry'

g. The south west coast (ie. cape Naturaliste to Isnelite Bay). This is a high-energy coast exposed
to healy wave action driven by the West Wind Belt. Off-shore the sediments are primarily bioclastic
carbonates and the water is clear. The geology of the coast is predominantly granitic and the
shoreline is chancterised by hi$h lranite headlands with curving sandy beaches between. Three
shore types of lesser extent also occur. In many places there are cliffs and rock platforms developed
in superlicial Quaternary limestone deposits between or below the granite headlands. Between cape
Leeuwin and Black Head, along the southern face of the sedimentary Perth Basin, the shore is beach.
At one location in cheyne Bay where the sedimentary Bremer Basin meets the coast, a boulder shore
is formed along an outcrop of the Eocene Pallinup Siltstone.

Rainfall is relatively high in the west but lowey in the east. There are many small rivers and many
estuaries of different ttpes.

lo. The Great Ausbotian Bight.Here also there is a hea'"y swell. The wide shelf is dominated by bio-
clastic carbonates and the water is clear. The adjacent land is arid and there are no rivers or
estuaries. The shoreline is dominated by long sandy beaches and high limestone cliffs.

From this account of coastal geomorphology it is evident that physical features of the coastal zones,
together with climatic characteristics, create a range ofvery different habitat tlDes along the WA
coasl superimposed upon the historical biogeognphic zones. For the most part, these geomorphic
coastal zones conform with or combine to form the biogeographic zones recognised in this report.
There are two exceptions. The western portion ofthe South west coast (9), between cape Naturaliste
and Cape Leeuwin, lies within the West Coast sector while the coast east of Cape Leeuwin lies within
the South coast sector. The North west Shelf oceanic Province (6) is also split, in this case between
the Kimberley coast and the Canning-Pilbara coast.

3.7. Marine and Coartal E(oiyttems in weitern Australia

In this section the major marine ecosystems ruhich are represented in Western Austnlia are briefly
described. (The term ecosystem is discussed in Section 3.3.)

The level of ecosystem classification we have chosen usually corresponds to that of the dominant
biological community within the ecosystem (eg. seaweed-kelp beds, mangroves). In some cases
ecosystems are classified in terms of their physical boundaries (eg. the rocky intertidal, southern
estuaries) because it is these which constrain their main ecological processes. while this multiple-
level approach to the classification of marine ecosystems may not be consistent, it is ecologically
defensible, and it serves the purpose of this report well because it defines pYactical units of
management.

The ecosystems discussed are as follows:
3.7.1. Saltmarsh;
3.7.2. Rocky shore;
3.7.3. Seaweed-kelp bed;
3.7.4. Seagrass meadow;
3.7.5. Coral reef;
3.7.6. Southern estuary;
3.7.7. Mangal;
3.7.8. Tidal flat;
3.7.9. The oceanic environment.
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3.7.1. Saltmarshes
Saltmarshes are a coastal wetland type characteristic of temperate r€gions (latitudes higher than
about 30 degrees). Mangroves dominate the equivalent shore t),!es oftropical regions (latitudes lower
than about 30 degrees). However, mangroves and saltmarshes overlap and coexist in the
subtropicalA,varm-temperate zone between latitudes 30o and 35o. The occurrence of saltmarshes,
mangroves and other coastal wetlands (saltpans, or salt flats, and freshwater-dependent vegetation) is
strongly influenced by the relative salt and freshwater regimes, viz.:

. Reed swamps depend on the dominance ofa freshwater source.

. Saltmarsh halophytes (plants able to tolerate elevated salinity) are associated with the
inundation of both seawater (sometimes as spray) and freshtrater (especial)y from nocturnal
dew formation).

. Saltpans, or salt flats, with sparse halophytes and algal/microbial surface crusts, are
characterised by intermittent tidal inundation and limited freshwater intrusion.

. Mangroves, like saltmarshes, are also able to withstand elevated salinities but extend lower
down the shore and are even better adapted to marine inundation than are saltmarsh
halophytes.

In Western Australia, saltmarshes are poorly developed because of limited areas of freshwater inflow.
However, saltmarsh halophytic vegetation has relatively high regional significance as it is often the
only herbaceous vegetation in the coastal zone. Halophyte persistence depends on dew formation,
occasional rainfall, seasonal floods, and ground water. Saltpans, or salt flats, are often a dominant
feature in low-profile coastal areas of Western Australia where soilwater/groundwater becomes very
hypersaline and mangroves cannot grow.

Large amounts of detritus may form in saltmarsh habitatJ and the export of these organic materials
(and nutrients derived from them) is important to more seaward communities. Depending on the
degree of their development, saltmarshes may serve as imporLant habitat for birds, fishes and
invertebrates. By binding coastal sediments, saltmarshes help to control erosion.

3.7.2. Roclry shores
Rocky substrates of the littoral zone are of particular interest because the phenomenon of vertical
zonation is pronounced, the habitats of many ofthe animals and plants which live there being
restricted to a narrow horizonal band around the shore. Different zonation patterns occur, depending
on the kind ofrock, range oftide, degree ofwave action, and biogeographic province. Frequency and
duration of exposure of the rock surface to the air and sun during periods of low tide are the primary
physical factors determining the zonation patterns.

Intertidal zonation has been well studied on the limestone rock p)atforms of the Western Australian
central west coast (Hodgkin, 1960; Marsh & Hodgkin, 1962) but hardly at all in the north or on the
granitic shores of the south coast.

Sout hen West ern A ust r al i a
Usually zonation of marine plants between tide marks on rocky coasts is obvious but in southern
Western Australia the lunar tide is very slight and tides are complicated by the water levels rising and
falling with changing barometric pressure. This irregularity and relatively small change in Ievel does
not yield such obvious zonation of communities as may occur in regions with greater tidal range.

In the southern part of the State rocky shores are of two quite different types (see Section 3.6, coastal
zone bDes 8 & 9). From Cape Naturaliste southwards granitic rock is the most common bDe. Thjs
tends to weather into relatively smooth slopes descending into the sublittoral zone in areas exposed
to heaw wave action, or to form boulder zones where wave action is less severe. Zonation patterns
are most distinct on the open ocean rock slopes. The animals and plants which live there are
necessarily adapted to cling tightly to the substrate by some means - sessile animals like limpets,
abalone, chitons and barnacles, and algae with strong basal holdfasts tend to dominate. Intertidal
boulder shores with rock pools provide a much greater variety of micro-habitats, and hence a richer
flora and fauna, and vertical zonation patt€rns are not as clear.
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On the west coast, offshore limestone reefs run in broken chains parallel to the coast. They are the
remains of consolidated aeolian sand dunes submerged by various changes in sea level. In many
places along the west coast these Quatemary limestones form rocky shores. On sections of the south
coast there are superficial limestone deposits of the same period on or between the granitic
headlands.

On these limestone shores, profiles have developed which are very different to those of granitic
shores. The limestone erodes by physical, chemical and biological means quite differently to granitic
rock. Horizontal (shorewards) erosion is often much faster than vertical erosion and horizontal rock
platforms commonly develop between tide levels. At the shoreward limit of the plat{orm, the
combined action ofphysical and biological factors undercuts the rock face and creates a "notch" in
the upper intertidal zone. The height at which the platform develops is largely dependant on the
force ofwave action. An ecological effect ofthe horizonal platform is to split the vertical zonation,
separating the upper slope ofthe intertidal zone from the lower slope.

Rock platforms of such shores are covered by water for most ofthe time butwhen the tide falls they
may quickly become bare and exposed to the air and sun. The shoreward parts are exposed for the
longest periods. Shallow pools like rice-paddies with slightly elevated rims commonly occur where
sedentary animals and plants can find shelter from desiccation at low tide, provided that the duration
of isolation from the sea is not too prolonged and that the weather is not so hot that tempentures
become lethal and the pool water becomes de-oxygenated. Mass mortality of the intertidal biota of
limestone rock platforms occasionally occurs during periods of extreme lou tide and extreme hot
weather.

At the highest levels on the shore (ie. the upper part of the notch) the only plants are thinJayered,
prostrate lichens and filamentous green algae which penetrate into the rock pores. The action of the
grazers which feed on them is a major fictor in the erosion ofthis part of the shore. This high zone
may be wet only by wave splash at high tide and few animals and plants can exist there. Those which
can include pirazers like the littorinid and siphonarian gastlopods, the latter being air-breathers.

Lower in the intertidal zone, grazers also predominate, especially limpets and chitons. However,
where there is a sufficient period of immersion, sessile filter-feeders like barnacles, mussels and
tubiculous polychaete worms may also establish distinctive zones. Leafy green, brown and red algae
and carnivores like crabs and thaid whelks also appear in the mid-tidal zone. Calcareous red algae are
characteristic of this part of the shore. Like the animals the algae are often very distinctly zoned' The
permanent molluscan and echinoderm grazers, and the transient fish and crustncean grazers which
invade the intertidal zone at high tide, generally keep the algae grazed down to a "turf'but ifthe
grazers are killed by a catastrophic weather event, such as extreme hotueather during periods of low
tide, or by pollution, or are removed by predation, the algae may develop into a thick coveY on the
rocky shore.

Australian temperate rocky coasts have the most diverse algal speciation in the world. In southern
Western Australia rock platforms and offshore reefs support at least 900 species ofalgae.

Nort hem West efl Australi a
In the north of the State tidal range is generally much greater than in the south, wave action is less
severe, and there is a much greater variety of animal species. These three factors produce rocky
shores which have very different profiles and different biological zonation patterns.

The highest zone, ie. the supra-littoral, is characterised by littorinid and siphonarian grazers much as
it is in the south, although the species are generdlly different. In the upper and middle littoral zone
animals which have a particularly important impact are Saccostrea (a genvs of oysters) which build
substnntial ramparts in the intertidal zone, Brachidontes (a genus of mussels) which form mats on
the rock surfaces, and the borers l/fftophaga (another genus of mussels) and l,rlftothgra (sta'lked
barnacles) which make burrows in limestone rock several centimetres deep, opQning them up to the
destructive effects of$ave action and chemical corrosion.

Because of the preferred vertical zones of these species, limestone shores in the north often have a
double notch. In the highest part of the intertidal zone a notch is formed by the abrasive action of
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grazing animals and wave action, together with chemical effects. In the lower part the burrowing
action of the borers, together with grazing and physical and chemical action may also eat into the
rock face. But in the middle zone occupied by the oysters there is a horizontal ridge or shelf between
the upper and lower notches, partly due to the growth of the oysters. This forms the double notch
characteristic of Western Australia's northern limestone rock platforms.

On northern shores where there are granitic or other "hard" rocla, smooth intertidal slopes rarely
develop as they do on the south coast. This is becauSe there is far less wave action. Instead, hard rock
shores in the north tend to form rock piles or cliffs. Zonation in the upper and middle littoral of such
shores is again dominated by the accretionary effects of oysters and mussels but the borers have little
impact.

3.7.3. Scaweed-kelpbeds
Shoreline and offshore reefs in temperate regions support a diversity of algal species which form an
important component of rocky shore and sublittoral ecosystems. In temperate zones algae may be so
dense as to form a distinct ecosystem known as a seaweed-kelp bed. Although such beds are usually
developed on rocky substrates, it is useful to treat them as a distinct ecosystem tlpe for they have
characteristics different from those of other rock substrates. They develop particularly in tempente
regions because higher latitudes do not have the multitude of herbivores that reduce algal
communities to turfs as they do in the tropics.

The diverse assemblages of algae in seaweed-kelp beds are habitat for a large number of animals
adapted to living on and amongst algae. The high biomass ofplants and sessile animals, and the high
productivity of the plants, produce a large biomass of detrital material. This is found on the sea floor
between the reefs and the shore and on the shore in large drifts, particularly during winter, and after
storms. The decomposition and mechanical breakdor,vn of drift material produces dissolved organic
matter, and results in the release ofplant nutrients and suspended particulate material into the water
column.

In the warm temperate waters ofsouthern Western Australia the most abundant and visually
dominant alga is th e kelp Ecklonia radiala which, in many places, forms a complete cover from 2m
to about 14m depth, becoming less well represented as the reefs become deeper. Underneath the kelp
cover is a diverse assemblage of calcareous encrusting red algae. In other areas and in depths greater
than I0m, Caulerpa species and fleshy red algae are more conspicuous. At shallow depths, the annual
reproductive fronds of the brown alga, Sargassum lacerifolium, grow rapidly from September until
April but decline in winter. There are relatively few large herbivores in this plant-dominated system.

In the shallow sublittoral zone of the wesl coasl Ecklonia, Sargasum and other leaf,r brown algae
frequently form extensive seaweed-kelp beds which play a major role in the energy cycles of coastal
waters. For example, at the Abrolhos they are a major contributor to the high biotic productivity
which supports the rockJobster fishery. Competitive interaction of the algae and corals at that
locality is one of the most interesting features ofwest coast biogeography and ecology (Johannes ef
a/..1983).

3.7.4. Seagrass meadows
Seagrasses are flowering plants able to live permanently in marine environments. They form the
basis of a characteristic ecosystem. Aspects of seagrass biology and their ecological importance in the
Australian region are discussed in Larkum, McComb & Sheperd (1989).

Seagrass meadows cover vast areas ofthe sea bed along the WA coast. The seagrdss communities of
southern WA (ie. Shark Bay to the SA border) are probably the most extensive in the world. Seagrass
extends from the mid-intertidal zone to greater than 50m depth, usually occurring in shallow, sand-
sill soft-bottom habitats. A depth zonation pattern of different genera and species is evident,
reflecting the interaction of a number of parameters including intertidal exposure, substratum
stability and light availability. In addition, temperature and salinity tolerance of individual seagrass
species will affect their local and latitudinal distribution.

Trophic interactions within seagrass communities and between associated ecosystems (eg.
mangroves, coral reefs) are not only complex but are esential in maintaining the integrity and
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productivity of seagrass assemblages. The total community represents a rich and highly dynamic food
chain which sustains resident and migratory marine animals and birds. Seagrass communities are a
major source of organic detritus in the coastal zone. Utilisation ofthe detrital and living plant
resources involves most classes of invertebrates, some ofwhich are eaten by carnivores higher in the
food chain. In the north, turtles and dugong are direct consumers of seagrass. Food availability and
shelter make seagrass communities an important nursery forjuvenile fishes, rock lobsters and
pnlwns, and many other animals. Commercially important fishes and lobsters often shelter in
associated habitats by day and travel large distances to feed in seagrass beds at night.

The coastal waters of Western Australia contain 11 ofthe 12 genera of seagrasses found throughout
the world. Tventy-four species are represented,. Posidonia is the richest genus with eight species
found from Shark Bay to the South Australian border.

Unlike most other coasis in Australia, the strongly seasonal estuaries of southern Western Australia
do not represent a major habitat for seagrass beds, although seagrdsses are ecologically important in
most of them. The open coast has the largest seagrdss beds. They are located in positions protected by
offshore reefs or, in the case of the southern coast, by the physical aspects of the bays. Generally, a
single species ofseagrass dominates in most areas but natural, localised eyosion and disturbance may
create sites ofdynamic change with greater diversity and varying abundance of species.

The tropical seagrasses are well represented around the northern islands but do not form extensive
beds along the open coast where the effects of strong currents and large tidal flows dominate. The
distribution ofseagnsses in northern Western Australia is outlined by Walker & Prince (1987).

The ecological importance of seagrass ecosystems in trophic transfers, maintenance of fishery
resources and mastal stabilisation makes the need for sound conservation and management practices
particularly vital.

Although seagrasses may be relatively resilient to some natural and human impacts, such as storms
or anchor and propeller damage, other activities such as coastal engineering projects, landfilling,
dredging and sand-mining can cause complete destruction. Thermal pollution, sedimentation,
nutrient enrichment, sewage discharge, oil and chemicals have also been shown to deplete seagrass
communities. Toxic elements from agricultural run-off can have marked effects on seagrass systems
in estuaries and landlocked bays.

Recent studies in Cockbum Sound and elsewhere have shown that seagrass communities do not
readily recover after suffering severe damage from pollution (personal obseryation Kirkman).

3.7.5. Conl Reefs
Coral reefs are found throughout the tropics and subtropics, usually between 30"N and 30"S, and are
confined to regions where the annual mean water temperature is greater than about 18oC. Various
physical factors interact to determine geographical and depth distribution of coral reefs.

Australian corals and coral reefs, including those of Western Australi4 are described in Veron
(1986a). Veron & Marsh (1988) published an annotated list of the hermatypic corals of Western
Australia and major coral reefs systems of the State. Coral reef handbooks have been published by
Kenchington & Hudson (19M) and Mather & Bennett (1984).

Wth the exception ofa few deep-water genera and species, reef-building corals occur in water less
than about 50m in depth with maximum gro$th taking place in less than 20m, reflecting the depth
to which light may penetrate in sufficient quantity to maintain metabolism by zooxanthellae.
Optimum coral growth occurs at 25-29"C and at normal ocean water salinity .

Coral reefsystems are found characteristically in waters having low nutrient concentrations.
Excessive nutrient loads can be detrimental to coral survival.

Reef-building coral species are found along the entire coast of Western Australia from the north
Kimberley to the CreatAustralian Bight, although there is a marked progressive diminution of
species from north to south. At southern localities the few coral soecies mav be abundant but do not
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form reefs. Coral reefs, with their typical communities are developed only as far south as the
Houtman Abrolhos (lat. about 30'S). At higher latitudes than this cord,ls occur as isolated colonies on
rocky substrates.

A wide variety of coral reef types is found along the tropical and subtropical coasts of the State.
Tertiary tectonic activity and Pleistocene transgressions and regressions around the continental
margins of Western Australia have left a legacy ofgeological structures providing the foundations for
modern coral reef development. The variety of reef types results in part from the different structural
foundations on which they are built, and in part from the regional climate and hydrological
conditions.

Five coral reefprovinces may be recognised in Western Australian coastal waters:

i) Platform rcefs of the Sahul Shelf
The waters of this area, off the coast of the North Kimberley, are generally turbid and the substrates
muddy (see Section 3.6). There is a high tidal range and strong tidal current flow. Nevertheless corals
grow prolifically and extensive modern coral bank and large platform reefs are formed. Adele,
Browse, lrng and Ashmore Reefs, the Holothuria Bank and Hibernia Reef are major examples. The
inner parts of the Sahul Shelf have been successively flooded and laid bare by Pleistocene sealevel
changes so that coral growth has been intermittent. The modern reefs have been very little studied
but appear to be very diverse in species of corals and other conl reefplants and animals.

iil North West Shelf shelf-edge ahlls
Seringapatam Reef, Scott Reef and the Rowley Shoals form a series of large shelf-edge atolls growing
on block-faulted Pleistocene and Tertiary coralline limestones. They have deep central lagoons, wide
reefflats and steep reef-front slopes. Several of them have small unvegetated sand cays. These atolls
are extremely rich in coral species and support a diverse marine flora and fauna typical of clearwater
oceanic atolls. Many ofthe atoll species are not found in the coastal reef communities closer to the
mainland.

iiil West Kimberley and Pilhara Mnging reefs
There is extensive coral reef development, growing mainly on Pleistocene coastal limestone
foundations, on the seaward sides of many islands along the coast from the Lacepedes to the Muirons.
The best developed reefs are around the more distant offshore islands, eg. the Montebellos. The
diversity ofspecies is moderately high on these reefs where the tidal range is great and the water
moderately turbid.

iv) Ningaloo Reef
There is a fringing-barrier reef system, some 260 km long, developed on Tertiary limestone
foundations along the western side of the Cape Range Peninsula anticline. The continental shelf is
very narrow in this region and the waters are clear. There is a shallow lagoon between the reefand
the shore. Species diversity is moderately high with many oceanic coral reefspecies occurring there
but which are not found on the inshore reefs ofthe Pilban coast to the north.

vl Houtman Abmlhos
This remarkable reef and island complex is located in relatively high latitudes (about 30"S.) and
appears to be established and sustained by the warm, southerly-flowing Leeuwin Current. The reefs
are platform reefs or pseudo-atolls, rtith a foundation ofPleistocene coralline and coastal limestones.
Diversity of coral species is surprisingly high for such latitudes. Brown algae play a prominent role in
the reefenergy cycles, and appear to compete with the reef-building corals, so that the ecosystem is
agpical of coral reefs in some respects (Johannes et. al., 1983).

Because of their complexity, coral reef systems can show a variety of responses to stresses, such as
storm damage, or pollution from such sources as sediments, thermal effluents, or nutrient
enrichment. A common response following such events is a progressive transformation from
predominantly living coral to a dead substrate covered by macroalgae. There are also occasional
catastrophic upsets to coral reef communities when coral predators become excessively abundant.
Episodic outbreaks ofthe Crown-of-thorns starfish (Aconthaster plancf) have caused localised
destruction on the Dampier Archipelago coral reefs. The coral-eating gastropod Drupelln comus hu
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caused very extensive damage to back-reef communities ofthe Ningaloo Reef. Whether such predator
outbreaks are due to natunl causes or some form ofhuman interference in natural ecological
processes is unknown. Whatever the cause, coral reef communities are usually slow to recover, even
when the cause ofthe stress is removed.

Tropical coral reefs rarely sustain major single-species fisheries like those found in nutrient-rich
temperate waters and in areas ofupwelling. The rock-lobster fishery at the Abrolhos is an interesting
exception, probably related to the atypical ecosystem' features resulting from the dominance of brown
algae (Johannes et a/., 1983). over-fishing of resident, migratory and pelagic fishes from reefal waters
can lead to major changes in coral reefecosystems. Selective fishing (ie. ofparticularly popular
species) can result in subtle changes to fish communities detrimental to the reef ecosystem as a
whole.

3.7.6. Southcrnestuaries
The term 'estuary' as used here includes all partially enclosed coastal waters into which rivers flow
and which are, at one time or another, open to the sea, and does not include coastal lakes that are
never open to the sea. Saltmarshes may be considered extensions of estuarine ecosystems into the
supra-littoral zone. While acknowledging this they are dealt with separately in Section 3.7.1 of this
report.

In southem Western Australia (ie. south of Shark Bay) the estuaries are quite well studied (Hodgkin
& Major, 1978; Hodgkin & Clark, 1987-1990) and, although they are extremely variable in structure,
hydrology and biology, they fit the usual notion of "estuary" reasonably well, Estuaries of the
northern part of the State, hor,vever, are relatively poorly studied and they are dominated by mangal
habitats. For this reason the estuaries of northern Westem Australia are not dealt with in this section
but are treated as mangals in Section 3.7.7.

Physiognphically, most southern estuaries have lagoons (locally called 'inlets'), the tidal reaches of
tributary rivers, and narrow entnnce channels through Pleistocene or Recent dune systems to the
sea. However, there are also a number of riverine estuaries which do not have lagoons. All, except
Oyster Harbour and the Swan estuary, have entrance bars which obstruct tidal exchange with the sea.
(The Swan bar was removed by dredging to develop Fremantle Harbour in 1897.) Many estuaries also
have fluvial bars which partially isolate riverine reaches from the lagoons.

Southern estuaries vary greatly in size from Peel-Harvey with an area of 130 km2 to several that have
lagoons I km2 or less. There are also great differences between the estuaries in their geology and
morphology. For example, the Swan estuary is an inundated meandering coastal river complex with a
channel through Pleistocene limestone dunes; Leschenault Inlet is a barred lagoon behind Holocene
barrier dunes; Nornalup Inlet and Wlson Inlet are in basins enclosed by Pleistocene dunes and with
Pre-Cambrian headlands; several very shallow south coast estuaries are in river valleys excavated in
the soft Pallinup Siltstone.

Hydrologically the estuaries ofthe South West are 'seasonal estuaries'; eituary water alternates
between nearly fresh in winter and brackish, marine, or hypersaline in summer-autumn. This is
caused by the extreme seasonality of rainfall and river flow, the small tidal range, and the obstructing
entrance bars. lt is a very different situation from that in a conventional estuary where the tides
cause the position of the salinity gmdient to shift up and down the estuary daily.

The definition of estuary used here excludes coastal lakes that are not open to the sea, however it
should be noted that several ofthe southern coastal lakes have rivers and lagoons that were estuarine
until recently. Their bars are now high and never break, but in other respects they are similar to
semi-permanently closed estuaries. Culham Inlet the largest was certainly estuarine until at least
4000 Before Present (BP) (and probably within the last few hundred years). The Jerdacuttup Lakes
were probably estuarine during the mid-Holocene. Lake Nameless (in the Fitzgerald River National
Park) may also have been estuarine during the mid-Holocene. The Vasse-Wonnerup lagoons were
once estuaries, probably in the seasonally open, lagoonal category, but are now artificially closed by
locks and maintained as freshwater wetlands.
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The hydrological and ecological status ofthe estuaries depends to a large extent on how often the
bars are breached. Three categories are recognised:

l. Permanently open estuaries,

The following estuaries belong to this permanently open category:

. Murchison;
o Swan-Canning;
. Peel-Harvey (Serpentine, Murray and Harvey rivers);
o Leschenault (Collie River);
. Hardy (Blackwood and Scott rivers);
. Nornalup-Walpole (Deep and Frankland rivers);
. Oyster Harbour (King and Kalgan rivers).

Although the bars ofthese estuaries never close they do restrict tidal exchange to a greater or lesser
extent. River water floods them in the rainy season. During periods of low river flow, sea water enters
and a salinity gradient progresses upstream. Extreme stratification of the water may develop in the
riverine parts.

2. Susonallg openlclosd estuaries
There are two types of estuary in this category: those where there is a coastal lagoon into which the
rivers flow, and those where the rivers flow directly into the sea and there is no lagoon.

a) Lagoonal estuaries: Larger estuaries including the Broke (Shannon River); Irwin (Bow and
Kent rivers); Wilson (Denmark and Hay rivers); and estuaries with an area less than 2 kmr:
Greenough, Moore, Parry, Torbay, Taylor, Normans, Cordinup, Cheyne.

b) Riuerine estuaries: Chapman, Margaret, Donnelly, Warren, Gardner, Torradup, Munglinup,
Alexander, Blackboy, Thomas, Jorndee, Poison. On the west coast, the Hutt, Buller and Irwin
Rivers have short stretches of estuarine water.

In estuaries of this category the bars close when effective river flow ceases, isolating them
from the sea. They usually open annually when river flow breaches the bars, or when they
are breached artificially. The large estuaries ofthis category are seldom fully marine, but
some smaller estuaries become marine or even hy'persaline in summer.

3. Semi-petmanentlg closed xtuaries
Beaufort, Wellstead, Gordon, St Mary, Fitzgenld, Dempster, Hamersley, Oldfield, Stokes, Barker.

These are estuaries where the bars remain closed for several years at a time and only open when
there is above-avenge seasonal river flow or when there is flood flow (either winter or summer).
They are all in the low rainfall area east ofAlbany, with less than 600 mm annual rainfall near the
coast and 400 mm inland. The heavy winter rains of September-October 1971 broke the bars of all
these estuaries, as did the summer floods of January 1990. Most bars only stay open for a few weeks,
but the Gordon and Wellstead bars sometimes remain open for several years. Estuary water may be
brackish following river flow but becomes increasingly saline while there is little or no river flow; it
may then become hypersaline through evapontion. Many of these estuaries dry up altogether
following long periods with no river flow.

Ecologg
Substrate type, bar behaviour, water depths and changes in water level, and the hydrology all
influence the ecology ofthe estuaries. There are usually extensive areas of shallow sand and mud flats
and deeper water mud basins, but most estuaries have limited areas of natural solid substrates (rock
and logs) except in riverine parts. Macrophytes are important substrates for epiphytes and fauna. In
those estuaries which are permanently open to the sea and receive regular tidal water, there may be
development of extensive seagnss beds.
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The time, season, duration and frequency ofbar opening determine the recruitment of
marindestuarine fauna. Changing water levels determine when and where both emergent and
aquatic plants and benthic fauna can settle and survive. However, it is the hydrology, the great range
ofsalinity experienced and the duration of exposure to the salinity extremes, that largely determines
the diversity of species and their distribution.

In the Swan the number of species ofbenthic macrofauna decreases progressively from the entrance
channel where stenohaline marine species may be present seasonally, through the lagoon with
euryhaline estuarine-marine species, to the riverine part dominated by a dozen true estuarine species
(Chalmer ef a/., 1976).

Other southem estuaries (except Oyster lfurbour) have a more limited diversity of species, dominated
by true estuarine species and a few estuarine-marine species (Hodgkin and Clark, 1987-1990). Studies
of the faunas of southem estuaries include those on: Blackwood (Wallace, 1976), Peel-Harvey
(Chalmer and Scott, 1984) and Wilson Inlet (Platell, 1990).

Most fish and other nektonic estuarine fauna, such as crabs and prawns, spawn in the ocean and
enter and leave estuaries in response to changing salinity. There are a few exclusively estuarine
species. The diversity ofspecies within an estuary is principally related to the salinity regime. For
example, 137 species of fish are recorded from the Swan (l,oneragan et a|,1987), probably about half
that number in Peel-Harvey and decreasing numbers in other estuaries where salinity range becomes
more extreme. There is often massive mortality of fish and benthic fauna when the water becomes
hypersaline in closed estuaries. Recruitment is from the saline rivers, the from the sea when floods
break the bars. Initially the fauna may be diverse but as the water becomes hypersaline species die
out progressively (Lenanton and Hodgkin, 1985).

Consentation oalue
The harshness of the extreme seasonal variation in water salinity and associated physical conditions,
and the inconsistency of those conditions in many ofthe southern estuaries from one year to the
next, determine that species diversity in their aquatic faunas and floras is relatively low and that
community structures are unstable. Nevertheless, the estuaries of southern Westem Australia are
highly productive in the biomass and nutrient sense and provide rich feeding grounds for fish and
nursery areas for a number of coastal species. They are also important feeding grounds for
waterbirds, especially for the many migratory species ofwaders. The Peel-Harvey Estuary is a
designated Wetland of International Importance under the Conoention on Wetlands of Intemational
Importance Especiall! as Waterfoul Ha6ilal (known as the RAMSAR Convention) in recognition of
its significance as habitat for waterbiyds.

The southern estuaries are valuable scenically and for recreational fishing, boating and other aquatic
activities. Several of them support long-established net fisheries. Some are currently the sites of
oyster culturing establishments and there may be further opportunities for development of
aquaculture industries without damaging the estuarine environments.

Human activities have had a variety of impacts on estuaries ofthe South West. Sometimes these have
benefited the estuaries in the sense that a more equable environment is created permitting a higher
diversity of aquatic species to persist there, eg. dredging the entrance of the Swan at Fremantle. More
often they have been detrimental as the result of the discharge of industrial wastes and sewage.
Recently, nutrients from fertilisers have made a number of estuaries eutrophic. Probably the most
serious long term threat is from clearing in catchments and the consequent eutrophication and
sedimentation in estuaries that are already shallow. In Stokes Inlet the sedimentation rate has
increased tenfold following clearing, from <1 mm a year to 20-25 cm of dry sediment in the last 30
years.

Given the high aesthetic and commercial values ofthe southern estuaries there can be no doubt that
they deserve special management to ensure that their water quality and biological systems are
maintained. Howevet this is a very difficult thing to achieve and requires management ofthe
catchments beyond the limits of the estuaries as well as management ofthe estuaries themselves.
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3.7.7. Mangals (Mangtoves)*
Mangrove communities occur in the intertidal zone, growing along the edges ofbrackish and
seawater shores, and comprise plants (trees and shrubs) able to colonise waterlogged and saline soils.
Mangroves control coastal erosion and contribute to shoreline accretion.

The ecology of mangals has been studied extensively. Useful references in the Australian context are
Lugo & Snedaker (1976); Galloway (1980); Hamilton & Snedaker (1984); Hutchings & Saenger
(1987).

Globally, mangals are chancteristic of tropical and subtropical regions and are limited by low air
temperature (< about 20"c) although the grey mangrove (tuicennia) will tolente temperature
minima around 10"C. The presence and health of each mangrove stand are determined by the
interaction of tides, salinity and water table parameters in the presence ofother physical factors, for
example, low energy and low profile coastlines. Saltwater input minimises competition by other
plants, and the availability of silt and terrestrial sediments provides nutrients and substntes.

Diverse flora and fauna are associated with mangroves, and adult and juvenile fishes frequently
migrate from ofrshore ecosystems to feed and seek shelter during growth. The biotic density ofthese
communities reflects their complex food chains and the integrdted trophic exchange ofterrigenous
materials, marine materials, and mangrove primary production between the mangal system and the
adjacent terrestrial and marine ecosystems.

As primary producers, mangroves make significant contributions to estuarine and inshore
productivity via an energy flow pathway based on detritus. Leaves and branches fall into the water, or
onto the sediment substrate, where they are microbially decomposed and made soluble. particulate
organic matter sustains elaborate food chains within mangrove stands and also is flushed out of the
mangals to benefit nearshore marine ecosystems. The high productivity sustained through detrital
food chains originating in mangals contributes to the high biomass and dense populations of resident
and migratory animals of the mangals themselves and adjacent habitats.

Important publications on the floristics, distribution of mangroves species and the community
structure ofmangal systems in western Australia are those ofSemeniuk & wurm (19g2), semeniuk,
Kenneally & Wilson (1978), Wells (1981) and Johnstone (1990).

Mangal Floristics anil Regional Distribution of mangroue species in WA
Eighteen species of mangrove have been recorded from Western Australia (Semeniuk, 19g3).

The most diverse mangals occur in the humid tropics, with few species extending into the temperate
regions. As with many other groups of animals and plants, there is a trentl for a decrease in species
diversity of mangroves with increasing latitude.

In arid regions, salt flats and salt marshes develop at landward edges of mangals and replace
mangroves. on a regional basis, there is a progressive decrease in species diversity as aridity
increases. In westem Australia this means a decrease from the high diversity centre in the North
west Kimberley, west and south down the wA coast, compounding or at least paralleling the trend
for a decrease in species diversity with increasing latitude.

Mangals of western Australia occur in 4 climatic zones which are (in order of species diversity):
. tropical subhumid (16 species);
. tropical semiarid (8 species);
. tropical arid (5 species);
. subtropical arid (>5 species).

Although there are few data, it can be assumed that diversity of associated fauna will show the same
trend, ie. decrease from tropical subhumid to subtropical arid.

* Follolving contemporary practice the term 'mangal' is used to refer to the vegetation
assemblages of trees known as mangroves associated with tidal flats. 'Mangroveiis commonly
used in lay terminology as a synonym of ,mangal,.
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Rhbophora st$osa and Auicennia marina are probably the most common mangrove species along
the western Austialian coast. The southernmost outlier ofR. slglosa occurs at Yardie creek in the
Ningaloo Marine Park. South ofthatpoint,A. maina is the only mangrove species present. There are
small mangals comprised solely of this species in the mouth ofthe Gascoyne River, at several
locations in Shark Bay, and at the Abrolhos. The most southerly occurrence of A. maina is at
Bunbury.

The associated fauna in the r,vell-developed mangal ecosystems along the northern coast is very rich
(Wells, F.E., i983, 1984, 1986a and b; Wells, F.E. & Slack-Smith, 1981) and includes a number of
important fishes, such as barramundi, bream, prawns, and mud (mangrove) crabs. Further south, the
relatively less developed mangrove ecosystems have an important role as centres of high primary
productivity.

Mongol habitab
The phgsical settings
While the geographical distribution of mangrove species determines the potential size and
composition of the mangal communities at any point on the coast, the realised floristics and
structure ofparticular mangals are set by the habitat conditions prevailing there. Habitat is
determined by a combination of regional geomorphological/stratigraphic features and local physical
features (Wells, 1981; Semeniuk, 1985).

Four major tlpes of coastlines relevant to the development of mangrove habitats were recognised by
Semeniuk (1985). These coastline types are:

. ria shore - archipelago settings;

. delta - barrier island settings;
o shelteredbay-embaymentsettings;
. gulf settings.

Ria shores are deeply indented coxtlines formed by subsidence of the land and the inundation of
coastal river vallep. Coastal islands are formed by the same process so that ria and archipelago
settings are inter-gradational at the regional scale. Similarly, deltas and barrier islands are inter-
gradational.

Wthin these four primary regional coastal types there are recognisable coastal types at a smaller
scale. For example, along the Canning-Pilban coast 12 coastal types are recognised for the purposes
ofthis report (see Part III, Section 1.1.2).

Wthin each of these coastal types there are particular habitats which support characteristic
assemblages of mangrove species and formations. Individual mangals vary in floristic (and faunistic)
composition, species richness, community structure, and zonation, according to local
geomorphological features, tidal range, substrate, aquifers, physiochemical processes and salinity.
Freshwater seepage, in particular, has a large influence.

Mangrove formations in Western Australia are diffrcult to classify because much compositional and
structural variation exists at the regional scale. Even at the local scale one formation tlpe commonly
gndes into another because of small scale responses to physiochemical gradients. Mangrove systems
in other countries, mmprising fewer floristic components, have lent themselves to classification into
structural types, eg. the riverine, basin, fringing and dwarf categories of McNae (1966), Lugo and
Snedaker (1976) and Wells (1981) and the structunl schemes of Specht (1981). The floristics of the
mangals are not incorporated into the nomenclature of these classifications. This approach is not
successful in Western Australia

The approach of Semeniuk (1985) and Semeniuk and Wurm (1987) is adopted here, wherein, in the
first instance, mangrove formations are classified according to their habitat setting. This approach
encompasses the implication ofphysiochemical variation present in the habitat, and consequently
also encompasses (and implies) the variation in structure and floristic gradation and zonation present
in the mangroves within that habitat. The major mangrove habitats (and assemblages) are:

Part I - 31



. muddy tidal flat assemblages;

. sandy tidal flat assemblages;

. tidal creek assemblages;

. spiVchenierassemblages;

. alluvial fan assemblages;

. hinterland lringe assemblages;
o rocky shore assemblages;
. beach assemblages;
. shoal assemblages;
. lagoon assemblages.

Some of these types are specific to certain geomorphic settings, whereas others occur throughout
tropical north-western Australia. In addition to variations in habitats locally and regionally, it.r. i,compositional (floristic) variation regionalry, in response to climate (Semeniuk rgsl). rnui,
floristically, assemblages colonising similar habitats will vary from region to region.

From these considerdtions it folrows that establishment of a reserve system representative of themangal habitats and the mangrove flora of Western Australia will need to takJaccount of rrariationproduced by geographic distribution ofspecies, regional climatic t,.pe, regional and Iocal coastal
tlpes, and site-specific habitat t1pes. within each of the primary climatic types, reservation of areasrepresentative ofthe coastal types will usually encompass most of the habiiit types and, ttrereby 

-

provide a representation ofthe variety of mangal formations and mangrove species.

Sus cep ti b il i ty of Manga ls
Mangroves may be disturbed or destroyed by naturar eventi such as cycrones, tidal waves, or coastalerosion. Human activities arso may have far-reaching effects. For example, ru"onrfirg una o'.JJGcan cause changes in drainage patterns, deforestation in the hinterland can increase iedi ment irnlffand deposition in the mangars, and changes in agricurtural practices and coastal development canchange the environment and deplete mangroves. Discharg.i fro,n po*., and desalination
installations can modify temperatures and salinity. 1a 3-s"c increase in ambient seawater
t€mperature in the tropics can cause mangrove mortarity, as well as up to 90% reduction in thedensity and mass ofassociated fauna.) water polution by refuse dumps, sewage, oil and chemicarscan be detrimental to mangroves and associated food chains important to people.

Mangals, especially the high diversity mangals of the far north, are worthy of conservation in theirown right and attention shourd be paid to preserving an example of each of th. u*i.t;;;;;o;;-'
habitat:ystems in each of the major geomorphic provinces and subprovrnces in tropical westernAustralia' However, they have particurar importance to conservation of coastat waters, irresfective ortheir own species richness, because of the great contribution they make to coastar nuirient ilows anJas nursery areas for many marine species.

3.7.8. Tidal flats
Tidal flats occur predominantly in the coastal zones of northern Western Australia where tidal rangeis moderate to high. As described in an earrier section (3.4), they comprise mud flats, sand flats, ro"ikpavements and boulder or pebble flats and pavements.

In addition to substrate variations from rocarity to rocarity due to shore energy gradients andvariations.in source materiars, there is variation in inundation due to rising ilo-re revel. es a resutt,there is a large variation in smaller scare habitats on the tidar flat (see Semeniuk, 19g5). There is acorrespondingly large variation in biotic asemblages which inhabit the tidal flats. Habitatheterogeneity within a tidal flat system such as at bampier Archipelago (semeniuk, charmer & LeProvost, 1982) is reflected by an equariy varied distribulion of biotic assembrages. ionversely, amonotonous tidal flat system may be inhabited by relatively simple aEgregations ofbiotic
assemblages.

For the purposes ofthis study, because ofthe varied biota on the tidar flats, it is preferabre to treatthe total various assemblages x ,'tidal flat assemblages".
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Tidal flats commonly are temporary sinks for detritus that is transported into the system from
adjoining productive areas such as mangals, samphire flats, or offshore seagrass/algae meadows. Tidal
flats also function as important nursery grounds for a variety offish and invertebrates such as
swimming crabs and molluscs. Their importance lies in providing short term shelter in residual pools
at low tide and in providing food for the juvenile fauna. Shallow water and tropical conditions
promote the grouth ofseagnss, algae and diatoms and these, with material imported from other
primary producing areas, form the basis ofthe trophic web.

The most common types ofassemblages inhabiting the tidal flats of northern Western Australia are
described below. The assemblages are informally named after a conspicuous, or dominant, or
identifying biotic elemenl and the assemblages are described in terms of composition, general
substrate conditions and general tidal setting.

I. Uca (fiddler cnb\ - Macrophthalmus (crab) assemblages. These encompass a range of Ucd
species and Macrophthalmus species, together with mud skippers (fish), polychaete worms and,
less commonly, potamidid whelks (gastropods). They are variable regionally, but the
assemblages invariably inhabit mid to low-tidal mud flats.

2. Mictyk assemblage. This is a soldier crab assemblage that inhabits low to mid-tidal sand flats.
3. Scopimera assemblage. This is a sand bubbler crab assemblage that inhabits low to mid-tidal

sand flats.
4. Callista -Anomalocardia assemblage. This assemblage inhabits sandy and muddy sandy low to

mid-tidal flats, and is composed ofvarious molluscs, crustaceans, polychaetes and echinoderms.
Conspicuous molluscan genera are the bivalves Callista, Tellinq Mactra, Anomalocardia,
Placamen and Dosinia, and the gastropods Naticq Polinices, Cerithium, Clgpeomorus and
Nassarfiis.

5. Anadara assemblage. This assemblage is composed ofsmall molluscs, polychaetes, mudskippers
and crustaceans, with the conspicuous bivalved molltssc Anadara.lt inhabits mid-tidal to low-
tidal mud flats.

6. Halophila assemblage. This is a seagrass assemblage with components of molluscs and
echinoderms that inhabit low-tidal sand flats.

7. Xanthid assemblage. This assemblage is composed ofvarious xanthid crab species togetherwith
encrusting sponges, benthic algae and sessile molluscs that inhabit low-tidal to mid-tidal rock
pavements, especially those formed of flat limestone.

Other assemblages are comprised of mixed molluscs, polychaetes and other invertebrates and seem to
be aggregations ofspecies that are specific to particular regions or tidal flat settings (eg. the low-tidal
flats ofBroome differ from those ofthe Kimberley and Exmouth Gulfl.

Tidal flats are susceptible to natural and human-induced disturbance of the environment. Natural
disturbances may include cyclone-induced erosion or sediment transport, or flood-induced
blanketing ofsubstrates by different sediment tlpes. Human-induced disturbances may include the
effects of dredging and spoil dumping, so creating turbid water, and the discharge oftoxic materials
into the water column which then mav seeD into the substrate.

3.7.9. The oceanic environment
The term 'oceanic' usually refers to the far offshore marine environment but in this context it is used
for the habitats within the water mass above the continental shelf as well as beyond it. Although no
manne reserves are proposed specifically to represent the oceanic habitat, it is obvious that an
element ofthis habitat will be present in every marine reserve and reference must be made to its
principal features.

The ocean water mass is itself the habitat of a vast number of marine plants and animals. Its upper
part' where light penetrates, is known as the photic zone. In those oceanic waters where there are
high concentrations of dissolved nutrients, this zone may support very large densities of
photosynthetic plants and other organisms that feed on them. The principal environmental factors
that influence oceanic habitats and their plant and animal communities include water currents,
water turbidity (to which is related the depth of the photic zone), temperature, salinity and other
physical properties ofthe water, especially dissolved nutrients.
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Three terms used for oceanic organisms are nekton, plankton and micronekton.

The nekton are the larger swimming animds, such as fishes and squids, that live permanenfly in the
water mass.

Plankton is the term used for organisms, planti or animals, which float in the sea driftins at the
mercy ofwater currents. Although their abundance varies dramatically from one area to inother.
their total biomass probably accounts for the largest proportion of marine life. photosynthetic
planktonic plants and bacteria are the basis of most of the ocean's primary productivity. planktonic
plants (phytoplankton) and animals (zooplankton) range from single-celled to mmplei. multi_celled
organisms. They include creatures that spend their entire lives drifting in the watei column and the
egg and larval stages ofothers whose adult lives are spent on the sea floor or as nekton.

Micronekton is a term used by biological oceanographers to describe marine swimming animals in
the size range 10-100mm. The size is intermediate between plankton and nekton. InclJded in the
micronekton are many hundreds of species of fin-fishes, crustaceans and cephalopods. Micronekton
surveys are extensively used in biological oceanography when determining water mass alfinities, sites
ofocean upwelling and pollutant inputs. A few species support commercial fisheries harvesting
micronektonic adults. There are also commercial fisheries based on nektonic or benthic adults of
species which have micronektonic lawae. In western Australian coastal waters, micronekton is
commercially significant on the North west Slope, where deep-water prawn lisheries have develooed
since 1985. Two species of carid and four species of penaeid prawns are the mainstays of those
fisheries.

Many inshore fishes, molluscs and crustaceans have planktonic or micronektonic larvae and juveniles
as part of their Iife-cycle. The phyllosoma larvae of the commercially important western Roci
Labster, Panulirus cggnus, are members ofthe micronekton. They live far offshore, migrating
inshore prior to metamorphosis and recruitment into the adult population. collection ;f phyilosoma
larvae during this inshore phase provides the basis for the prediction ofthe fishery yield in future
years. settlement ofphyllosoma from the micronekton to the benthos is deDendent on coastal
habitats such as seagrass and reefs of limestone and coral.

Wth the notable exception ofthe larvae of the Western Rock Lobster, there is little information on
western Australian plankton and micronekton. some offshore sampling has been done by Australian
and international oceanographic research ships. Most inshore sampling has been in the vicinity of
urban areas, eg. in Cockburn Sound.

These studies indicate that the plankton and micronekton densities do not reach the high
concentrdtions known from some other coasts. The FAo (7972) Atlas of the Liuing Resources of the
Sea gives figures of 100-150 mgc/m3/d for phytoplankton production and 5l-200 mgc/m3/d for
zooplankton off the central west coast and slightly higher levels for the North west Shelf. These
relatively low concentrations probably relate to the relatively low nutrient levels ofthe ocean waters
off the Western Austnlian coast.

The scant knowledge ofthe plankton and micronekton of western Australian waters remains an
obstacle to developing knowledge of coastal marine ecosystems. The environmental factors that
influence the planktonic larval development and recruitment into adult populations of most inshore
benthic animals remain unknown.
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I. INTRODUCTION

The section of the Westem Australian coast considered in Part II extends from the Northem Territory
border to Cape Leveque. It includes the northern part ofthe North West Shelf Oceanic Province
sometimes known as the Sahul Sheli from the mainland shore to the limit of the State territorial
waters. This does not exactly accord with the region commonly known as the Kimberley. However,
there is an abrupt change of coastal geomorphology at Cape Leveque, with a corresponding change in
marine habitats, so that it is a convenient pbint for a boundary betr,veen the Kimberley and Canning-
Pilbara sectors for the purposes of this report. This boundary conforms with the biogeographical
zones described in the Council of Nature Conservation Ministers working paper on marine protected
areas (CONCOM, 1985).

The Kimberley is one of the most remote and inaccessible stretches of the Australian coast, extending
for a distance of about 1 000 km. Much ofit is now uninhabited. Until the years immediately
following World War II, Aboriginal groups lived in traditional circumstances along these shores and
there were severdl mission stations. The mission at Kalumburu remains. In recent times Aboriginal
communities have been re-established at One Arm Point, Cone Bay and Oombulgurri. The ports of
Derby in the ruest and Wyndham in the east are the only major coastal settlements. Between Derby
and Wyndham there is no road access to the coast (except for sevenl four-wheel-drive tracks) and the
only settlements are the above-mentioned Aboriginal communities and small communities on
Koolan and Cockatoo Islands and at Kui Bay.

The Kimberley coast is of extraordinary beauty. The high, colourful cliffs and densely vegetated
hinterland, craggy headlands and sheltered inlets create a varied landscape which is like no other.
For this reason commercial tourism has already established operations in the region in spite of (or
perhaps because o0 its remoteness.

Almost all the rugged hinterland is reserved, for either Aboriginal or consen"tion and public
recreation purposes. There is pastoral land in the vicinity of King Sound and between Cambridge
Gulf and the Northern Territory bordey. Mining leases (for bauxite) are held over land at Mitchell
Plateau.

In 1980 the Western Australian Environmental Protection Authority published a report on
conservation reserves in the Kimberley (System 7) based on an earlier, comprehensive report by the
Conservation Through Reserves Committee. Although the emphasis ofthese reports was on the
terrestrial environment, both contained recommendations for'aquatic reserves'. The Department of
Consewation and Land Management published an update ofthat report in 1991 (Burbidge el a/.),
including additional proposals for marine reserves on the Kimberley coast. Those recommendations
are incorporated into this account.

The Working Group acknowledges that Aboriginal people have traditional interests in this area and
that any proposal for reservation of coastal waters will need to be discussed with them.
Administrative arrangements for the establishment and management of marine reserves in the
Kimberley will necessarily involve Aborigines. These matters will be addressed during the
implementation phases of the marine reserves program.

An extensive bibliography on the geomorphology and biology of the Kimberley region was compiled
but not published by Goudie & Sands in 1986 at the Kew Botanic Garden in connection with the
Kimberleg, Australia, 2000 expedition.

l.l. Coastal geomorphology

An important factor in coastal ecology of the Kimberley, both marine and terrestrial, is the pattern of
rainfall. The North Kimberley mast between Cape Londonderry and Walcott Inlet is an area of high
rainfall, with an annual average in excess of 1 000 mm. East of Cape Londonderry and south of
Walcott Inlet the rainfall decreases.
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Four major distinctive coastal types may be recognised in the Ximberlev.

1.1.1. Cambridge Gulf
In the east, cambridge Gulf is a broadly open seasonal estuary located at the head of the wide JosephBonaparte Gulf. Its shores are muddy and there is extensive development of mangals and ,rp.fi;i
mud flats. The geomorphologv of the Gulf has been described by wright et 4 t. ttgzzl,w;citiiii.(1973) and Thom at al. (1,975).

1.1.2. (ing Sound
In the west, King sound is also a wide, open gulf with a shore of relatively low reliefand some
features of a seasonal estuary (Semeniuk, 1985). It too has extensive mangal and supra-tidal mud flat
habitats. The stratigraphy, sedimentology and Holocene history oftidal flits in xi"g sounJ nu* u-..n
described by Semeniuk (1980, 1981a 198lb, 1982).

1.1.3. North Kimberley
Between cambridge Gulfand King sound the north Kimberley coast is ofthe heavily dissected, ria
type with relatively high relief. The resulting coastal valleys have been inundated byitre sea formlng
a complex shore with many islands, landlocked gulfs, inlets and headlands. Tidal range is up to liri
and in some areas vast areas of mud flats are exposed at low tide.

The ria nature of the North Kimberley coast provides a very wide nnge of local micro-habitats
determined, in part, by the degree of protection from wind and wave iction. The landlocked gulfs and
inlets ofthe region contrast as habitats with the seaward, exposed shores ofthe headlands and
islands. The whole of the mainland Kimberley coast is characterised by muddy shores due to ihe high
seasonal rainfall and strong tidal currents. Terrigenous mud substrates also dominate across the
inner part ofthe continental shelf. These are the conditions which produce mangal and tidal mud flat
habitnts nther than sandy beaches and coral reefs.

1.1.4. Oceanic islands
The continental shelfis ratherwide offthe Kimberley coast. The shelfedge is depressed, presumably
by subsidence, and the continental slope begins at a depth of about 600 ri. the d'eep timor trench 

'

separates the Australian shelffrom the island chain of eastern Indonesia. Browse and Adele Islands
are two mid-shelf islands built on platform coral reefs. There is also a series of mid-shelf reefs and
banls, including Holothuria Bank. Near the shelfedge there is a series of reefs and bank, namely
sahul, Fantome, Ashmore and cartier, the two last-named with medium sized islands. Further south
are two large shelf-edge atolls, seringapatam Reef and Scott Reef. Although the inner shelfwaters are
muddy, conditions become increasingly oceanic towards the shelf edge. Fringing reefs ofhigh species
richness grow on rocky substrates along the mainland shores. The mid-shelfind outer shelf-bank
and the shelf-edge atolls are true coral reefs. Accounts of the coral reefs and islands of the Sahul
shelf have been given by Teichert & Fairbridge (r948), Fairbridge (1950), veevers (r923), powell
(7976),Hinz, et aL. (1978), Wlson (1985), Berry dr Marsh (1986) and Berry (1993).

f .2. Marine flora and fauna

Biological exploration of the Kimberley coast and coastal waters has not been extensive and
information about the marine flora and fauna there is sparse.

The earliest collections of marine fauna were taken during phillip parker Kingrs hydrographic
surveys of the region in 1819-21 aboard the vessel HMS 'Mermaid". Molluscs irom thoJe jollections
were described by Gray (1827). Some collections were made during hydrographic surveys by the"Penguinrr in 1890-91. A brief note on the corals ofHolothuria Bank collected during fhit voyage was
published by Bassett-Smith (1899). In recent years studies of a mangal fauna in edmiralty Gulf have
been published (wells, F.E., 1981; wells & slack-smith, 1981). In 1991 the western Australian
Museum surveyed marine fauna along the North Kimberley coast and produced a summary report
(Morgan (ed.), 1992). There have been descriptions of the conl reef faunas at seringapatam Rief
(lVilson, 1985), Seringapatam and scott Reef (various authors in Berry (ed.), 19g6) ind Ashmore and
Cartier Reefs (various authors in Berry (ed.), 1993).
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Although knowledge of the Kimberley marine fauna remains far from comprehensive, some general
features are evident. The nearshore fauna is only moderately diverse, probably mainly due to the
prevalence of muddy and macrotidal mnditions. Many species endemic to northern Western Australia
ire present in the nearshore habitats. In contrast, the offshore islands and reefs have a more tlpical
Indo-West Pacific fauna and a very high diversity (l\tilson, 1985; Wells, 1986b). A suite of coral
species known only from turbid lagoons and inshore waters is well represented on the inner shelf
Kimberley reefs (Marsh, 1992). This pattern appears to be true ofall the major taxonomic groups.

The mangals of the Kimberley have been moderately well studied (Thom et 4/., 1975; Semeniuk el
a/., 1978; Semeniuk, 1980, i983, 1985; Wells, A.G., 1981; Johnstone, 1990). The greatest species
diversity and structural complexity occurs in the high rainfall zone between Cape Londonderry and
Walcott Inlet. Iarge and structurally complex mangals provide habitat for a suite of mangrove birds
(Johnstone, 1990) and bats (McKenzie & Rolfe, 1986; McKenzie & Start, 1989).

Saltwater crocodiles (Crocodilus poros.{s ) are natural inhabitants of the coastal waters and estuaries
of the Kimberley. Although their numbers became depleted as a result of hunting for their skins in
post-war years, they have partially recovered since hunting was prohibited. These animals breed on
sandy bank behind the mangals in some of the estuaries.

Many of the nearshore islands and some mainland beaches are nesting sites for turtles.

1.3. Tourist potential

Because the Kimberley coast is largely uninhabited and there is so little access, its tourist potential is
limited. Boats from Derby also sometimes venture beyond King Sound. Similarly, small boats from
Wyndham sometimes venture as far as the False Mouths of ihe Ord for fishing expeditions. Tourists
with four-wheel-drive vehicles occasionally visit Port Warrender in Admiralty Gulf, via Mitchell
Plateau. There are small resorts at Cockatoo and Koolan Islands in the Buccaneer Archipelago and at
nearby Cape Leveque providing access to the marine environment at the western end ofthe sector. A
remote fishing base-camp was established near the mouth of the Drysdale River, visitors being flown
in by float plane and helicopter, but the venture proved to be uneconomical and has been
discontinued. A similar proposal for a site at Cape Londonderry has not yet been put into effect.

At present the main tourist operations are tours along the coast by charter vessel. There are several
boats which take live-aboard passengers for trips lasting several days. The tours visit a selection of the
scenic locations, especially the estuaries of the Prince Regent River and King George River and some
ofthe coastal islands.

The offshore islands are so remote and bleak that they offer little potential for tourist developments.

1.4. Fisheries

In spite of their remoteness, the waters of the Kimberley coast support an increasingly diverse range
of commercial and recreational fishing activities.

The coastal waters between Cape Leveque and the Northern Territory border are trawled for prawns.
(Collier Bay and Admiralty Gulf are closed to the prardn trawling fishery.) The main species targeted
is the banana prawn.

Pearl oysters are cultivated on a large scale at several locations including the mouth of King Sound,
Talbot Bay, Doubtful Bay and Kuri Bay. Live silverJip pearl shell (Pinctada maimd is collected by
divers in nearshore waters and taken to the grow-out areas in the oyster leases. The pearl industry is
one of the State's most valuable fisheries.

Trochus shell (Tlochus niloticus) is fished commercially by the Aboriginal community at 0ne Arm
Point. The shell is collected on rock platforms around the islands of the Buccaneer Archipelago
during periods oflow tide. Most of it is exported for button and shell iewellerv manufacture.
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Demersal finfish are commercially hawested using trap, line and trawling methods. At present the
main fishing grounds are north-west of Broome but fishing occurs right around the coast and as far
out as Ashmore Reef. Target species include scarlet and saddle-tailed sea perch, snapper, emperors,
slveetlips, cod and coral trout. Increasing attention is being focused on the shark fishery resource off
the Kimberley coast. This fishery is mostly offshore, beyond the limit of the State territorial waters,
and is under Commonwealth control.

A shore-based, limited-entry, gillnet fishery targeting barnmundi and threadfin salmon operates in
nearshore waters. Trolling for mackerel is also an important fishery in the area.

The charter boat industry operates fishing trips along the Kimberley coast, offering attractive
recreational fishing oppotunities for a variety of sport and game species.
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2. EXISTING MARINE RESERVES

There are no western Australian marine reserves in the Kimbelley re$ion but Ashmore Reef is a

marine National Nature Reserve designated under the Commonwealth National Parks and Wldlife

conservation Act. cartier Reefand commonwealth waters near scott Reef are included on an

Australian Nature Conservation Agency indicative list of marine areas being considered for
proclamation as marine reserves under Commonwealth legislation.
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3. RECOMMENDATIONS FOR MARINE PROTECTED AREAS ON THE
KIMBERLEY COAST

In the later Parts of this report, for the purposes of selecting a representative reserve system, division
ofthe principal biogeographic sectors is based first on recognition of major distinctive coastal gpes
(see Part 1, Section 1.3). Considention is then given to each of the most prominent ecosystems
which occurwithin those coastal tlpes. This structured approach is not so readily applied to the
Kimberley. While the eastem section (Cambridge Gulf), the western section (King Sound), and the
oceanic islands comprise major distinctive coastal types and have different climates, the majority of
the Kimberley cbast is of a single geomorphological type, though locally very complex and diverse in
respect of marine habitats. Wthin that zone, areas have been selected which provide the greatest
range of the habitats.

The Working Group has relied heavily on interpretation of aerial photographs and remote sensing
imagery to identifu marine habitats, supplemented by limited first hand knowledge of the coast, as a
basis for reserve selection. Consequently, recommendations that particular marine areas be
considered for reservation are often tentative and further work will be needed in many cases before
firm proposals may be put forward.

The outstanding scenic values of some sections of the Kimberley coast, and special nature
consen"tion features such as dugong feeding areas and turtle nesting sites, were also taken into
consideration.

3.1. Cambridge Gulf (Map ll-r)

The area under consideration includes the East Arm of Cambridge Gulf and the mangal system
known as the False Mouths of ihe Ord.

Tmule
The land on the west side of Cambridge Gulf is Aboriginal Reserve and there is a major Aboriginal
community at Oombulgurri. Land to the south and east is nature reserve and pastoral lease.

The land forming the Cape Domett headland at the eastern side of the Gulfs entrance is Vacant
Crown Land. So too are Adolphus Island and several smaller islands in the Gulf and the land forming
the tongues of the False Mouths of the Ord.

Bordering a portion of the East Arm and the False Mouths of the Ord there is a Class C Nature
Reserve (No. 31967).

Geomorphologg
Cambridge Gulf mark the boundary between the East Kimberley and North Kimberley biophysical
districts described by McKenzie (1981). Rainfall is sexonal (summer) with an annual average of
about 800 mm at the mouth of the estuary, decreasing to 680 mm upstream at the port ofWyndham.
Tidal range is about 8 m and the waters of the Gulf and the adjacent shallows ol Joseph Bonaparte
Gulf are turbid.

Cambridge Gulf also marks a point of abrupt change in coastal gpe. The eastern side of the Gulf is of
low reliet dominated by the wide delta ofthe Ord where an extensive mangal is developed. The
western side is relatively high and has narrow fringing mangals in small bays between rocky
headlands. From Cape Dussejour, the headland at the western entrance ofthe Gulf, north-westwards
to Cape Londonderry, the coast has high reliefwith rocky shores exposed to the prevailing easterly
winds and there are only a few small mangals in the bays.

The Gulf is the open estuary ofthe Ord, King, Pentecost, Durack and Forrest Rivers. About 60 km to
the east on the other side ofthe WA/NT border is the similar estuary system of the Fitzmaurice,
Victoria and Keep Rivers. At the head of Joseph Bonaparte Gulf, the coast is of low reliel with a
mangal fringe backed by very wide, bare, supra-tidal flats. These two estuarine systems, the swampy
coast between and the shallow nearshore waters of the Gulf, comprise a major distinctive coastal type
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which is peculiar to the "Top End" ofAustralia. The Western Austnlian portion of this system
contains a section of the mangal fringdsupra-tidal flats habitat east of Cape Domett and the
Cambridge Gulf estuary itself.

Perhaps the most striking feature of the estuary is an extensive mangal in the north east corner. It
has an area of more than 500 km'z and comprises a complex, dendritic system of drainage channels
leading to a series ofwide tidal rivers known as the False Mouths of the ord, protected from the open
sea by the Cape DomeH peninsula.

The headwaters of the estuary are split into two tidal rivers known as the west and East Arms of the
Ord. The Ord River itself flows into the East Arm while the King, pentecost , Forrest and Durack
Rivers flow into the west Arm. Both East and west Arms have extensive mangal development along
much of their margins and wide supra-tidal flats behind.

Flora and fauna
The estuarine flora and fauna of Cambridge Gulf is virtually unstudied and unknown. Given the
geomorphological complexity of the estuary and the structural and floristic diversity of the mangals,
the aquatic biota is certain to be species-rich and abundant.

The floristics, community structure and associated vertebrate fauna of the extensive Cambridge Gulf
mangals have received some attention (Thom el d/., 1975; Semeniuk ef al.,l97B: McKenzie & Rolfe.
1986; Johnstone, 1990). They consist of closed forest up to 15 m high and contain at least 15
mangrove species, with distinct zonation and high structural complexity. The mangal at the False
Mouths of the Ord is one of the largest and biologically richest in the State. It is of the bay gpe. The
mangals of the East Arm are representative of the riverine tlpe with different structure. Johnstone
(1990) briefly described the mangal on the eastern side ofthe East Arm mouth opposite Adolphus
Island.

Nature Reserve 31967 bordering the East Arm was created following a study of potential breeding
habitat for the saltwater crocodile (crocodilus porosus). This and other parts of the cambridge Gulf
estuary are considered to be important breeding habitat for this animal.

Both mangals are rich in terrestrial birds which utilise mangal habitat. Johnstone (1990) listed from
the cambridge Gulf mangals 21 of the 22 birds regarded as specialist "mangrove species" which occur
in the Kimberley. The closed canopies of the mangals are an ecological equivalent of rainforest and
they contain relict populations of several terrestrial bird species. Burbi dle et al. (rgg1) reported that
the Cambridge Gulf mangals support the only known Western Australian population ofthe Black
Butcherbird and a population offlycatchers that is morphologically intermediate between the
Lemon-breasted Flycatcher and the Brown Flycatcher. The rare Mangrove Kingfisher, Chestnut Rail
and other mangrove specialists are also present. In addition, the wide mud flats bordering the tidal
creeks and rivers provide feeding habitat for a large variety ofwaders. These mangals and the supra-
tidal flats behind them form part ofan area listed as a Wetland of International Importance for
conservation ofwaterbirds under the RAMSAR Convention.

As well as terrestrial birds, several arboreal mammals inhabit these mangals. These include the only
known East Kimberley population of the Mosaic-tailed Rat (Melomgs burtonil and 12 species of bat.

On the north side of Cape Domett, facing the open sea, there is a significant nesting site of the
Flatback turtle. Pelican Island offshore near the wA/NT border is an important nesting site for the
Australian Pelican.

In summary, the eastern side of Cambridge Gulf, particularly the False Mouths of the Ord and the
East Arm provide outstanding examples of mangal habitat of two different tlpes, together with a rich
bird and mammal fauna and important habitat for the saltwater crocodile. Together with the similar
estuary of the Victoria, Fitzmaurice and Keep Rivers in the Northern Territory, the estuary is
certainly responsible for much of the primary production which feeds the ecosystem and maintains
the trawl fisheries ofJoseph Bonaparte Gulf.
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Recrution
Cambridge Gulf is inaccessible except at the port ofWyndham located on the West Arm of the Ord.
The muddy waters and extensive mangals do not lend themselves to recreational use although there
is some recreational fishing {rom Wyndham. There is some potential for scenic boat tours around the
Gulf.

Pr e o io u s recomm enda ti ons
Burbidge et al. (1991) recommended that Reserve 31967 be upgraded to Class A and that the area
from low water mark to 40 m above high water mark adjacent to the reserve and at the False Mouths
ofthe Ord be added to the reserve. This recommendation has since been implemented.

That report also recommended that the lower reaches of the Ord, the waters adjacent to the existinpl
reserve, and the waters adjacent to the False Mouths be declared a marine nature reserve.

Working Crcup recommendations
Noting the high biological diversity of the Cambridge Gulf estuary, especially in the eastern mangals
and nearby areas, the unique character of the estuary in terms of its geomorphic and biological
community structure, and the importance of the system as a contributor to the biological
productivity ofBonaparte Gulf, the Working Group believes that there is a good case for reserving
this area for nature conservation.

Aftev some consideration the Working Group decided not to recommend extending the reservation to
the NT border because, although the fringing mangals and supra-tidal flats of that shore are a
significantly different coastal type to those of Cambridge Gulf, they are not likely to support a diverse
flora and fauna and not likely to need management for public recreation purposes.

The Working Group recommends that:

"the eastern side of Cambridge Gult east ofa line between White Stone Point on Incrosse Island and
Nicholls Point on Adolphus Island, and encompassing the False Mouths of the Ord, together with the wat€rs
ofthe tidal portion of the Ea5t Arm of the Ord, be considered for reservation for the conservation of marine
flora and fauna and protection of mangal habitat. At the mouth of the Gulfthe reserve should extend
seaward to the limit of State te/ritorial waters and eastwards from Caoe Domett for a distance of
approximately 15 km."

3.2. Londonderry (Map ll-2)

Cape Londonderry is the most northerly point of the Western Australian mainland. Little is known of
the marine environment in the region. The following brief description of the area is based largely on
interpretation ofaerial photographs and some notes made by the Western Australian Museum
Kimberley survey of 1991.

Tmure
The Cape Londonderry Peninsula is Vacant Crown Land. The mainland areas south and east of it are
Aboriginal Reserve.

Camorphologg
Cape tondonderry is located at the top of a wide peninsula forming the eastern side of Napier
Broome Bay. The northern and eastern shores of the peninsula are rugged with colourful lateritic and
sandstone cliffs up to 50 m high and many small, irregular bays with small sandy beaches between
rocky headlands.

A major feature evident on the aerial photographs is a wide area ofshallows on the northern side of
the peninsula between Cape Londonderry and Cape Talbot. These appear to be fringed with reef and
to support extensive seagrass beds. There is a similar reefarea surrounding Lesueur Island.

There are two major estuaries, one at the mouth of the King George River and the other at the
mouth ofthe Drysdale River. Both have significant development of mangal. The narrow gorge of the
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upper King George Estuary is navigable for some distance upstream. At two positions there are
waterfalls flowing over the sides ofperched valleys into the estuary.

Flom and fauno
The marine environment ofthe area has been little studied and information about its habitats and
flora and fauna is sparse. It is evident from aerial photography that marine and estuarine habitats are
very diverse and a rich biota is certain to be present. The Western Australian Museum iurvey of
August 1991 visited the King George Estuary and Lcueur Island and collections of marine animals
and plants were made at those Iocations. Morgan (1992) described the marine habitats surroundinpi
Lesueur Island as a "reefwith live coral and limestone; small drop-off to rubble and bommies of live
coral". Coral was the dominant biota on the reef.

Rereation
The extent to which this section of the coast is used by Aboriginal people is not known to the
Working Group. People from Kalumburu fish and hunt dugong in Napier Broome Bay and it is likely
that they sometimes travel as far north as the shallows between Cape Talbot and Cape Londonderry.
A remote fishing base-camp was established at the mouth of the Drysdale River, accessed by float
plane and helicopter, but the venture no longer operates.

Commercial charter vessels travel along this coastwith tourists. The falls in the King George Estuary
are a particularly important scenic location.

Prcui ou s rc c omm e nda t i o ns
The EPA System 7 report recommended that the Vacant Crown Land of the wide peninsula be
declared a Class A Reserve for national park, including the islands of mangroves in the estuary of the
Drysdale River, with the boundary extending to the low watermark.

Bu(bidge et al. (1991) endorsed the EPA recommendation and added that the waters contiguous with
the national park, including the sea€lrass bank, be declared a Class A marine national park. [NB.
There is no marine national park category in present Western Australian legislation although such
was under consideration when that report was being prepared.l

Wo*ing Croup recommendations
It is acknowledged that the following recommendations are based almost solely on photo-
interpretation and accounts ofthe scenic quality ofthe coast. Field studies will be needed to confirm
the high values of the seagrass, reefand mangal habitats before these recommendations proceed and
boundaries are decided.

The Working Group endorses the earlier recommendations, though noting that there is no category
for marine national park in the current legislation. Given the high recreational and tourism potential
of the area the most appropriate reserve category would be marine park.

The eastern and western extent ofthe proposed marine reserve is problematical. In the west, because
of the configuration of the Drysdale Estuary, it is not possible to limit the marine reserve to the
\,vaters contiguous with the proposed national park. Itwill be necessary to extend the reserve
westwards along the southern shores ofthe estuary $hich are Aboriginal reserve land. The western
boundary of the marine reserve could be located along a line running northward from Red Bluff and
through West Govemor Island so including the north eastern part of Napier Broome Bay.

Limiting the marine park to the waters contiguous with the national park in the eastwould exclude
Lesueur Island, the estuary of the King George River and the spectacular King George Falls. As the
falls are an important feature in potential recreational use of the park and Lesueur Island and its
surrounding reefs have high conservation values, the Working Group believes that consideration
should be given to including these areas within the marine reserve.

The eastem and westem sides of the proposed marine reserve abutAboriginal Reserve land and itwill
be necessary for the boundaries to be discussed with the relevant Aboriginal communities.
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The Working Group recommends that:

'Westem Australian coastal waters west and north ofthe cape Londonderry Peninsul4 including the
estuaries 0f the Drysdale and King George Rivers and extending eastwards as far as Cape Rulhieres, should
be reserved for the purposes of public recreation and the conservation offlora and fauna-"

3.3. Vansittart Bay - Admiralty Gulf (Map lL3)

The stretch of coast between the Sir Graham Moore Islands and Cape Voltaire is extremely complex,
with wide bays, narrow inlets and many islands and off-shore banks. Information on marine habitats,
flora and fauna is very limited. The Western Australian Museum Kimberley survey ofAugust 1991
collected specimens at several locations within the area. The Working group's attention was drawn to
four natunl features worthy of considention for resewation.

Tmure
Most of the coast adjacent to the area under consideration here is Aboriginal Reserve. The area
between the Lawley and Mitchell Rivers is leased for mining. The coast is uninhabited except for an
Aboriginal community at Kalumburu near the head of Napier Broome Bay, and a mining camp at
Mitchell River, inland from Port Warrender at the head of Admiralty Gulf.

Cnmorphologg
Rainfall in this area is healy and there are many small patches of rainforest below clifls along the
shore. The landscape is extremely rough. Along the shore rocky headlands alternate with sandy bays,
some ofwhich have fringing mangals. There are extensive tidal and subtidal sand and mud banks in
the bays, some ofwhich are believed to carry seagrass beds. There are many rocky islands.

The long, fingerJike arms of the Bougainville Peninsula, with long, narrow, shallow bays between
them, are a special feature of the Kimberley coast. Another significant feature is Long Reef, a very
large, offshore, rock platform reef.

Three major rivers enter the sea in this sector, the King Edward, Lawley and Mitchell, each with a
small estuary and mangal systems. The Lawley and Mitchell Estuaries are strikingly different. The
former is an open estuary with wide, complex mangals at its upper reaches. The Mitchell is a narrow
estuary that follows a fault line entering Adminlty Gulf. Deeply dissected sandstones occur along
both its bank.

FIom and fauna
In spite ofthe muddy conditions, corals are common and form small fringing reefs in many
localities. Marsh (1992) observed that the highest diversity of corals found on the Kimberley coast by
the Westem Australian Museum suwey was in the Institut Islands. Seventy one species were found in
that area. The suwey found relatively poor coral growth on Long Reef.

The molluscan fauna associated with mangals at Walsh Point, Port Warrender was described by Wells
& Slack-Smith (1981). They found that the community was similar in composition and structure to
those in comparable environments in the Central Indo-West Pacific Region. Wells, F.E. (1981) also
described the molluscan communities around the rocky islands of Admiralty Gulf.

The floristics and structure of mangals in the Lawley and Mitchell estuaries have been described in
detail by Wells, AG. (1981) and Johnstone (1990).

The mangal of the Lauley Estuary is floristically rich (Johnstone, 1990). The dominant creek
vegetation is mixed, low, closed forest (5-10 m) consisting of Auicennia" Sonneratia, Camptostemon"
Xghcarpus, Rhizophora, Bruguiera, Aegiceras and Aegia&7b. The landward areas are vegetated with
stands of Cenbps and Excoecaria. Tall, pure stands of Bruguiera paruiflo,d occur on the upper
reaches of Rail Creek, and whipsti ck lhickets of Aegiceras often grow in the seaward zone among the
Rhizophora. Scattered shrubs of Os6omia and Lumnitzeld occur along the landward edge.
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Johnstone (1990) also briefly described the mangal at Point Walsh, iust beyond the mouth of the
lawley Estuary. It is less floristically rich than the Lawley mangal and is distinctly zoned with a
seaward zone of Auicennia and sormeratia, a middle zone of low, closed forest of Rhizophora and
camptostemon, and a landward zone of Bruguiera exaristata , ceriops and,Auicutnla. There is a wide
supratidal mudflat behind the mangal.

The Mitchell Estuary has only a scattered, narrow, fringing mangal, except in the smaller tributaries
(Wells, 1981). The front mangroves are an association of Sonneratia alba and Auicentia marina,
followed immediately by a low closed lorest of Rhizophora sfylosa. On the landward side the forests
include associations of Camptostemon, Auicennia, Rhhophora and Xglocarpus. The landward
extension of the mangal is limited by rocky terrain along the banks.

Thus the three mangals in the Lawley Estuary Mitchell Estuary and at Walsh point are quite
different in their floristic composition and structure.

Recreation
There is very little access to this region from the land. The only road access is a four-wheel-drive
track to walsh Point in Port warrender. commercial charter boat tours along the Kimberley coxt
call in at many ofthe bays in the area. The sheltered bays of vansittart Bay are popular localities in
view of their scenic qualities.

Preuious recomm e nda tions
The EPA System 7 report recommended that land in the Mitchell and Lawley River areas be set aside
as class B National Park. Burbidge et al. (1991) remmmended that the reserve be class A and that its
boundaries be extended, and also that the waters adjacent to the eastern portion (ie. at the head of
Port Warrender) be declared a marine national park.

B\rbrdge et al. (1991) recommended that the Sir Graham Moore Islands, the Osborne Islands and
Cassini Island be declared Class A reserves for the conservation of flora and fauna. They also
recommended surveys of other islands in Admiralty Gulfto determine their conservation value, and
that future management plans for the Cape Bougainville Peninsula consider reservation and
management of rainforests.

Wo*ing Gmup Recomnendotions
Although information on the flora and fauna of this remote part ofthe Kimberley coast is sparse, the
Working Group believes that four marine areas within the area warrant consideration as candidates
for reservation and recommends as follows:

"1. Vansittart Bay
Noting the accounts ofthe high recreational potential, marine habitat variety and abundant marine faun4
that there be a biological survey ofwaters of Vansittfft Bay with a view to selecting an area or aras for
reservation for conservation ofmarine flora and fauna and public recreation. The area surveyed should
include the waters south of the Eclipse Islands and Marv Island.

"2. Poyt Warrender
The Working Group endorses the earlier recommendation ofBurbidge et. al. (1991) that a marine reserv€
be declared in the waters adjoining the proposed national park at the mouth of the lawley River. However,
as there is no category for rnarine national park, the reserve should be marine park or marine nature
reserve, In view of the high nature cons€rvation value of the area and the limited potential for public
receation, the appropriate category would be marine nature reserve.

"The area considered for reservation should be south of a line eastward from Walsh Point upstream in the
tidal rivers of the Lawley Estuary as far as the limit of tidal waters, thus including both the Walsh Point and
Lawley mangals.

"3. Mitchell River
Consideration should be given to resewation ofthe Mitchell River Dstuary for the purpose of conservation
of mayine flora and fauna, The area considered should include the waters of Walmeslv Bav south of
Pickering Point and extend upstream to the limit of tidal waters.
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"4. Long Reef
The Working Croup recommends that there be geological and biological surveys ofLong Reef and that
reservation b€ considered at a later date."

3.4. Prlnce Frededck Harbour / Salnt George Basln (Map !l-a)

Like the previous area this section of the coast is uninhabited and with very limited access. There are
no roads to the coast except for a four-wheel-drive track to the Prince Regent River from Mount
Elizabeth Station.

Tmurc
The central part of this coastnl area is the Prince Regent River Nature Reserve, a Class A reserve
which is designated as a Biosphere Reserve under the UNESCO Man and the Biosphere Prognm.
North and south ofthe nature reserve the land is Aboriginal Reserve.

Geomorphology
The geology and physical environment of this area have been briefly described by Miles et al. (1975\
and Burbidge & McKenzie (1978). This is a ria coastline of extreme complexity and with a high,
rugged hinterland. There are very many inshore and offshore islands. The shores are mostly rocky but
there are sandy beaches in many ofthe bays and some fringing mangals. Prince Frederick Harbour
and Saint George Basin are two very large marine gulfs, the former with a wide mouth and the latter
with a narrow entrdnce. The Hunter and Roe Riveys enter Prince Frederick Harbour and the Prince
Regent River enters Saint George Basin. Two very large mangals occur in Saint George Basin.

Flort and fauna
A biological survey in the Prince Regent River Nature Reserve (Miles & Burbidge, 1975) provided
rather extensive information on the terrestrial flora and fauna of the reserve but there is little
information on the marine fauna ofthe area. The Western Australian lviuseum Kimberley survey of
August 1991 (Morgan, 1992) made collecting stations at several of the offshore islands within this
sector and in the estuary ofthe Prince Regent River.

Rocky habitats dominate these shores but there are extensive intertidal mud and sand banks,
especially in Prince Frederick Harbour and Saint George Basin. Both estuaries contain significant
breeding populations of the saltwater crocodile.

There are fringing mangals in many of the bays and two large, complex mangals in Saint George
Basin. The floristics and structure of the mangals at the mouths of the Roe, Hunter and Pfince
Regent Rivers have been described by Wells (1981). The two large mangals on the north and south
sides of Saint George Basin were described by Johnstone (1990). The latter are two of the largest
block of mangal in Australia, each comprising over 70 kmz of mangrove forest. They include tall
stands up to 10 m ol pure Bruguiera paruitlora for*L In some locations the mangals are backed by
vine forest.

Rectution
Because of its remoteness and lack of land access, this uninhabited section of the coast is very seldom
visited. It also has extremely high scenic values, being surrounded by high rugged country and it is
already a major destination for commercial tourist charter boat operations. King Cascade in the
Prince Regent Estuary is a popular destination with the tour industry.

Preu I ou s rccotnm e nd a t i o ns
The EPA System 7 report recommended extensive additions to the teryestrial resewej in this are4
including a number of the coastal islands. Burbidge e t al. (I99I\ endorsed and extended these
recommendations. When all the present Vacant Crown Land is reserved as recommended, the entire
coast and all the coastal islands in this sector will be either Aboriginal reserve or conservation
reserve.

Part II - 17



The EPA S)6tem 7 report also recommended:
"8. Aquatic Reserv€s be declared to include :

(a) Prince Frederick Harbour seaward to Cape Torrens and the unnamed cape south ofthe Anderdon
Islands, and
(b) St Ceorg€ Basin seaward to Uwins Island and Cape Wellington, including Rothsay and Munster
Waters;

"9. the aquatic reserves extend from high water mark ;"10. t}le aquatic reserves be classified as ClaJs A reserves and vested in the WA Wildlife Authority."

Burbidge et. al. (1991) endorsed the EPA recommendations but said they should be Class
A marine national park.

Wor*in g Group rccommendo tiotts
The Working Group has not considered the marine habitats surrounding the many nearshore and
offshore islands of this sector because there is such little information about them. Further study may
show that the waters around the outer islands, eg. Montalivet and Maret Islands, may warrant
reservation. However, the Working Group believes that there are sufficient grounds for resewation of
the two marine gulfs in the sector and recommends as follows:

"The recommendations of the EPA and Burbid4e et al. (1991) that the waters ofPrince Frederick Harbour
and Saint George Basin should be reserved should be implemente4 exc€pt that there is no category of
marine national park. The appropriat€ designation to meet the intent of those r€commendations would be
marine park.

"The Working Croup suggests tiat the seaward boundaries of the two marine reserves should be varied
from those of the earlier recommendations. In the case ofPrince Frederick Harbour the boundary should
be across York Sound between Cape Torens and Augereau Island. In the case of Saint George Basin the
boundary should be across Brunswick Bay between High Bluff and Cape Wellington, incoruorating the
waters ofHanover Bay. These boundaries include portions of the more open ocean marine habitats and can
be precisely located for mana€lement purposes.'r

3.5. MontgomeDr lslands (Map ll-5)

Terure
The Montgomery islands and the adjacent High Cliffy Islands are part ofResewe 23079 for the Use
and Benefit ofAborigines. It is used by Aborigines primarily u a dugong (Dugong dugonl huntlng
area.

Camorphologrg
This low island complex is built upon an extensive intertidal and shallow subtidal rock platform,
probably consisting of sandstone. The High Cliffy Islands are constructed of sandstone while the
Montgomery Islands comprise Quaternary sediments. There are vast areas of mud and sand bank
deposits on the rock platform.

FIom and fauno
Little is known of the flora and invertebrate and fish faunas of the Montgomery reefs. There are sorne
fringing reefs but this is not a coral reef in any sense. From inspection ofaerial photographs of the
reefs it appears that a wide range of habitats are represented and a diverse fauna and flora is likely. It
is known thatwell developed seagrass beds are present in the subtidal shallows. These provide the
food resource of the dugong population.

Rectution
This is a remote area and the shoal waters surrounding the islands and reefs do not encourage
boating. Recreational fishing is very limited. Subsistence hunting and fishing by Aboriginal people
will continue on a small scale.

Predo u s ruo m m erdo ti o rrs
The EPA made no recommendations in respect ofthe Montgomery Islands but Burbidge ef a/. (1991)
recommended that the waters surrounding the islands be declared a Class A marine park.
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Wo*ing Group rccommenda tions
Wth very little information available the Working Croup is not in a position to do more than endorse
the earlier recommendations of Burbid ge et al., p'imarily on the grounds that a known habitat of the
dugong is worthy ofprotection. However, the extensive intertidal and subtidal rock and sand flats
constitute an unusual feature on the Kimberley coast and it is probable that they support a diverse
flora and fauna. The hunting of dugong in the area by Aborigines is not necessarily incompatible with
marine reserve status, provided that the dugong population is monitored and the numbers of animals
taken are at sustainable levels.

Accordingly the Working Group recommends that:

"The waters surrounding the Montgomery and High Cliffy Islands should be considered for reservation for
th€ conservation offlora and faun4 with provisions made for a sustainable level of dugong hunting by
Aborigines.

"The Working Group suggests that the outer boundary ofthe marine reserve should be located at a suitable
bathymetric contour around the bank and reefs."

3.6. Walcott lnlet and Secure Bay (Map ll-5)

Walcott Inlet and Secure Bay are two estuarine gulfs ofvery different character near the southern
margin ofthe Kimberley ria coast.

Tenurc
Most of the northem shore and the south western shore of Walcott Inlet are Vacant Crown Land. A
portion of the north-eastern shore is Aboriginal Reserve. Much of the southern shore is pastoral lease.
The land west and south of Secure Bav is Defence land.

Gamorphologg
Walcott Inlet is a broad, shallow, drowned river valley. The Calder, Charnley and Isdell Rivers enter
its upstream reaches. Secure Bay is an inundated ria valley. The surrounding land ofboth inlets is
ruEi€ied and extremely scenic. Both inlets have a very narrow entrance and a tidal range of up to 11 m
so that tidal rips through the entrances are pyonounced. The entrance to Secure Bay, known as "The
Funnel", has been proposed as a site for a tidal power station.

Walcott has wide mud flats, especially at the eastern end, and some fringing mangals. Secure Inlet
has two remarkable, wide, dendritic mangals.

Judging from aerial photognphs, there are many similarities between these two inlets and Doubtful
Bay and George Water a few kilometres further north.

FIom and fauna
The estuarine flon and fauna of Walcott Inlet and Secure Bay have not been investigated. Given their
different physical characters it is probable that the animal and plant communities present also differ.
Walcott is a known habitat of the saltwater crocodile. Its wide intertidal flats are feedinp areas lor
large numbers of water birds.

Recrution
Access to both inlets is only by sea and that is difficult because of the strong tidal rips at the
entrances. At present there is virtually no recreational use of this area, although the scenic quality is
exceptional and, when the Walcott Inlet National Park is established and better access is Drovided,
recreational use will increase.

Pruulous recommendo tiotts
The EPA System 7 report recommended that all Vacant Crown Land surrounding Walcott Inlet be
declared National Park. The park would extend to the southern and eastern shores of Doubtful Bay.
This recommendation was endorsed by Burbidge et al. (1991) who also recommended that the waters
of Walcott Inlet be declared Class A marine national oark.
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Work in g Cmup rccommenda tiotts
The Working Group endorses the recommendation of Burbidge et al, (1991) for the reservation of the
waters of walcott Inlet. As there is no category of marine national park the appropriate category of
reserve in keeping with the recreational use ofthe surrounding national parkwould be marine park.

The working Group noted the extensive and unusual mangal system and scenic values ofsecure Bay
and believes that it should be added to the proposed marine park. Marine park status wbuld not
necessarily be incompatible with future use of this feature for the generation oftidal power.

The working Group was also impressed by George water and Doubtful Bay as likely crocodile and
bird habitat and by the extensive mangal there, although there is little information about those areas.
Further studies should be undertaken to identi6, the most important areas of these inlets for nature
conservation purposes and reservation of them should be considered at a later date. Preference given
here to walcott Inlet and secure Bay as a marine park representing the enclosed inlet environment
of this section ofthe coast is based on the fact that walcott is surrounded by proposed national park.

Accordingly the Working Group recommends that:

"1. The tidal pats of Walcott Inlet and Secure Bay should be considered for res€rvation for the purposes of
public recreation and the conservation of flora and faun4 with the seaward boundaries being across the
entrances at Yule Entrance and The Funnel respectively.

'?. There be a survey ofthe habitats, flora and fauna of George Water and Doubtful Bay and assessment
made ofthe natural values of these areas and consideration given to reservation of them or parts ofthem,
for the conservation of flora and fauna""

3.7. Buc<aneer Archipelago (Map ll-6)

The Buccaneer Archipelago is a scatter of small to medium sized islands and banks at the mouth of
King Sound.

Tenurc
Several of the islands in the Archipelago are nature reserves. The others are Vacant Crown Land.

Gamorphologg
The area is extremely diverse with rocky islands, coral reefs, algal reefflats and shallow sandy banks
with extensive seagrass beds. Tidal range is in the order of 11 m and tidal rips and currents are
strong. Cygnet Bay is a broad, sheltered bay. The eastern shore is extremely complex with narrou
peninsulas, almost landJocked bays and numerous islands. Consequently marine habitats are very
diverse. The waters at the mouth of King Sound are turbid but among the outer islands the water is
semi-oceanic and relatively clear.

Floro and fauna
There are no detailed published accounts ofthe marine flon and fauna of the Buccaneer Archipelago
but the notes of the Western Australian Museum Kimberley survey (Morgan, 1992) and verbal
accounts from marine scientists who have visited there indicate that the biota is both abundant and
diverse.

The area is extensively used by turtles and dugong.

Recreotion
The Archipelago has tourist development potential. The One Arm Point Aboriginal community has
cultural interests there.

Fisheries
The One Arm Point Aboriginal community maintains a commercial trochus shell fishery on the reefs
and bank among the Archipelago. In the sheltered bays on the western and eastern sides ofKing
Sound, within the area under consideration here, there are several pearl oyster leases.
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Preaious recommenda tions
The EPA System 7 report recommended that biological surveys of the islands of this Archipelago be
undertaken with a view to recommending the creation of specific reserves. The surveys were
subsequently completed. On that basis the then Department ofFisheries and Wildlife proposed that a
number of ttre islands be declared reserves for conservation of flora and fauna. Since then
negotiations with the relevant Aboriginal communities have produced a proposal for joint
management ofthe islands for Aboriginal and consenration purposes. This included reservation of the
waters of the Archipelago as marine park. Burbidge et. al. (1991) endorsed these proposals.

worh i n g Gmup ttomm enda tions
The Working Group endorses the proposals that the waters ofthe Buccaneer Archipelago be declared
marine park and zoned for multiple use according to a management plan developed in collaboration
with the Aboriginal community.

After considering the proposed boundaries, the Working Croup believes that the values of the marine
park would be greatly enhanced by extending the boundaries to include Cygnet Bay in the west and
Talbot Bay in the east. The Working Group's preferred boundaries are indicated in Map ll-6.

The presence of pearl culture leases and operations within the area of the proposed marine park is
noted. Providing that this industry is managed with due care foy the many sensitive natural values of
the marine environment, the Working Group considers that this activity would be compatible with
multiple-use marine park status.

The Working Group recommends that:

"The waters ofth€ Buccaneer Archipelago, including Cygnet Bay in the South West and Talbot Bay in the
east, should be considered for reservation as a multiple-use marine park.

3.8. Oceanic Coral Banks and lslands (Map ll-7)

On the mid and outer portions of the Sahul Shelf there are several islands and banks of great
scientific interest and conservation importance. These include the shelf-edge atolls known as
Seringapatam and Scott Reef, the shelf-edge islands and platform reefs of the Ashmore-Cartier
complex, and the mid-shelf islands and platform reefs known as Browse and Adele.

[Note: the Rowley Shoals are shelf-edge atolls further south and are dealt with in Part III.]

Browse Island is Western Austnlian State territory, together with the waters surrounding it for a
distance of 3 nautical miles. The waters within 3 nautical miles ofthe emergent sand cay at Scott
Reef are State teffitory. Adele Island is freehold land owned by the Commonwealth but the waters
around it belong to the State (see also Map ll- 6).

Ashmore, Cartier, Seringapatam and a portion of Scott Reef are Commonwealth territory and
although they are significant elements in the shelf marine environment they are not within State
jurisdiction. However, it should be noted that the Commonwealth has already declared a marine
nature reserve around Ashmore and has reservation of the other areas under consideration. From the
point of view of reserve system design the Commonwealth and State marine reserves of the oceanic
region need to be considered together. The Working Group has taken this into account although it
has no brief for recommending Commonwealth reserves.

Adele Island is built on a coralline platform reef held freehold by the Commonwealth Government.
The EPA System 7 report recommended that negotiations be undertaken for return of it to the State
and its subsequent declaration as a Nature Reserve. Extensive coral reefs surround the Island. The
structure is an unusual near-shore platform reef of great scientific interest. It is considered to be rich
in species and of exceptional conservation value.
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Browse Island is presently unvested but was recommended for declaration as Nature Reserve by theEPA System 7 report. It is believed to be an important turtle and bird nesting site and is su.rouna.A
by extensive coral reefs. It is an off-shore platform reefof immense scientific interest.

Geonorphologg
Descriptions of the geomorphology and geology ofthe oceanic reefs and atolls, and additional
references, mav be found in Teichert 6r Fairbridge (1948), Fairbridge (1950), iowell (lgze),iinz, et
a/. (1978), Wlson (1985), Berry & Marsh (1986) and Berry (1993).

Ilarine flom aul fauno
Descriptions ofthe marine invertebrates and fishes of scott Reet seringapatam Reefand Ashmore
and cartier Islands may be found, with additional references, in wilson (19g5), Berry & Marsh (19g6)
and Berry (1993).

Pleoious rccomm endo tions
The EPA system 7 report recommended that Adele Island be returned to the State bv the
Commonwealth and declared a Class B reserve for the conservation of flora and fauna. Burbidge el c/.(1991) endorsed that proposal, though recommending class A status, and proposed that the witers
surrounding the island should be declared Class A marine nature reserve.

The EPA system 7 report recommended that Browse Island be declared a class B reserve for the
conservation of flora and fauna. Burbidge et al. (1991) endorsed that proposal but suggested class A
status and proposed that the waters around the island be declared a class A marine nilure reserve.

l{o rki n g G roup rccom m enila tio ns
The Working Group endorses the earlier recommendations for declardtion of marine reserves around
both Adele and Browse Islands. It is noted that, in the case ofAdele, the surrounding reerextenoi
beyond the limit of State jurisdiction. As it is an integral part of the coral platform reef and
ecosystem it is important that the whole reef be reserved. The working Group suggests that the state
authorities liaise with the Commonwealth with a view to securing reservation under Commonwealth
legislation of those parts of the reef under commonwealth jurisdiction and subsequent joint
management of the whole marine reserve.

The Working Group also believes that consideration should be given to the reservation of Scott Reef.
Although part of the reef is under State jurisdiction and part under commonwealth jurisdiction, the
working Group believes that the reef complex shourd be managed as one unit, with ippropriate
collaboration between the State and Commonwealth management agencies.

The Working Group recommends that:

"1. Consideration should be given to reservation of the State waters surrounding Browse and Adele Islands
and Scott Reef.

"2. The relevant commonwealth authorities should be approached with a suggestion that those areaj of
Scott Reef and the reefaround Adele Island which are under its jurisdiction, should be reserved under
comrnonwealth legislation so that the state and commonwealth areas can be managed as ecologically
integral units."

Partll -22



A REPRESENTATIVE MARINE
RESERVE SYSTEM FOR WESTERN

AUSTRAtIA

Report of the Marine Parks and Reserves Selection
Worklng GrouP

PART III

MARINE RESERVES ON THE CANNING AND PILBARA COASTS
AND THE ROWTEY SHELF



CONTENTS

PART lll: MARINE RESERVES ON THE CANNING AND PILBARA COASTS
AND THE ROWLEY SHELF

1. INTRODUCTION
1.1 Coastal geomorphology.....................

1.1.1 The Rowley Shelf .................

1.2 Marine floya and fauna............................

5

1.4 Fisheries.......... .................... 11
1.5 The hydrocarbon industry............. .................... 12

EXISTING MARINE RESER'I'ES
2.1 Rowley Shoals Marine Park (Part II, Map U-7).. .............................. 13

RECOMMENDATIONS FOR MARINE RESERVES ON THE PILBARA AND CANNING COASTS
AND THE ROWLEY SHELF

3.1West coast ofDampierland (Map III-1) ............. 15
3.1.1 Pender Bay . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16
3. I  2  Lacepede Is |ands. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . .  9
. . . , . . . . . . . , . . , . . . . , . , . . . . . . . . .  11

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17

3.9 Exmouth Gulf (Map III-9) ....



I. INTRODUCTION

The section of the WA coast considered in Part III includes the Canning coast of the West Kimberley,
the Pilbara coast, and the southern part of the North west Shelf oceanic Province sometimes known
as the Rowley Shelf. The northern boundary of this section is at Cape Leveque and the southem
boundary at North West Cape. Between these limits the study area extends from the high tide mark
of the mainland and coastal islands to the limit of State territorial waters (see Index to Maps III). It
includes those sections of the Rowley Shoals which are under State jurisdiction. These boundaries
conform with those ofthe biogeographic zones described in the Council of Nature Conservation
Ministers' working paper (CONCOM, 1985).

The amount of information available about the marine habitats, flora and fauna of the Canning and
Pilbara coasts varies greatly along this coast. Some areas, such as the Dampier Archipelago, are fairly
well studied but other areas have received scant attention. The Working Group has used its collective
experience and knowledge ofthe area to interpret aerial photographs and satellite imagery, and a
classification of coastal geomorphology (see Part 1 and Section 1.2 of this Part) to identify major
distinctive coastal types. The objective has been to select areas representative of each ofthese types
and the habitats, biotic communities, and recreational resources they contain for consideration for
reservation. In addition the Working Group has sought to identify areas of special conservation (eg.
turtle and seabird nesting sites) or recreational value for consideration as specific purpose reserves.

The Working Group is aware that petroleum exploration permits and some petroleum production
licences apply to much ofthe coastal and offshore waters of this section ofthe WA coast, including
some of the areas identified here as being worthy of r€servation for conservation and recreation
purposes. It is also recognised that commercial fishing occurs throughout the area and that, under
the powers ofthe Fisheries Act, certain zones have been declared for particular fishery operations.
These existing and potential economic uses have been noted where they were known but they have
not influenced the reserve selection process. Legal or management problems likely to result from
conflict between the activities of the petroleum or fishing industries and constraints which could be
imposed by reserve declaration must be addressed before any reserve proposal is developed further.

Similarly, several Aboriginal communities are established at coastal sites along the Canning-Pilbara
coast and Aboriginal people maintain traditional interests in many of the marine areas considered in
this report to be worthy of reservation for nature consewation and recreational purposes. It will be
necessary to consult the appropriate Aboriginal people pyior to the declaration of these reserves and
to seek their participation in management.

l.l Coastal geomorphology

General characteristics ofthe Canning and Pilbara coasts are described in Section 3.6 ofPart 1 ofthis
report. Both are located in arid or semi-arid areas. The former has little or no fluvial run-ol{while
the latter has many rivers and streams which are subject to seasonal flow and flooding. Wave energy
is moderate to low and there is a large tidal range.

For the purposes of resewe selection it is convenient to consider Iirst the geomorphology of the
coastal environment of the sector. Three primary divisions may be recognised: the continental shelf
with its seabed and waters, the mainland coastline, and the coastal islands. These may be further
divided into distinctive coastal types. In addition, several major habitat tlpes (eg. coral reefs) occur
in the region. The detailed community structure and species composition of habitats are greatly
influenced by the nature of the local geomorphology.

A reserve system including representatives of each of the mainland coastal types, and the nearshore
and offshore islands, bank and reefs, would be likely to repyesent the habitats, communities and
species chancteristic of the regior..
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1.1.1 The Rowley Shelf
The North West Shelf extends from the vicinity of Melville I. in the NT to North West Cape. It is
sometimes divided into a northem section know as the sahul shelfand a southem section known as
the Rowley Shelf, with the dividing line being off cape Leveque. The sahul Shelfwas considered in
Part II of this report. This section deals with the southern Rowley Shelfportion.

There are many islands on the Rowley shelf, particularly in the western sector. These are discussed
separdtely in Section 1.1.3 (including the reefs and cays of the Rowley Shoals).

The Rowley shelf is the widest section of the wA continental shelf extending to about 354 km off
Cape Jaubert (shown on Map III-2). As a result oftectonic subsidence, the outer shelf-edge break is
also deeper than usual, being at an average depth of about 560 m. The shelf may be regarded as an
extension of the deep sedimentary basins of the north west part of the State. It is the site of extensive
oil and gas fields.

The Rowley Shelt and indeed the whole North West Shelf ofwhich it is a part, is a feature of very
long standing in geological terms. As a sedimentary basin it has been receiving marine sediments
since the early Palaeozoic.

The innerwaters ofthe Rowley Shelt subject to run-offfrom the adjacent rivers and to disturbance
by the strong tidal flow, are relatively turbid. The outer waters are generally clear. Thus, the marine
environments of the shelf are broadly divisible into nearshore and offshore components. The outer
zone has been termed the North West Shelf Oceanic Province.

The nearshore zone is characterised by muddy substrates and the intertidal zone is dominated by
mud and sand flats or muddy rocky shores. The sediments are mostly of terrigenous origin. In the
offshore zone the substntes ofthe shallows are more often sandy. The bottom sediments of the
deeper parts of the outer Rowley Shelf are fine sands, muds and oozes, mostly of biogenic origin.

There can be no definite boundary between the nearshore and offshore environmental types although
it approximates to the 10 m bathymetric contour. Because this contour has particular environmental
relevance in the island-rich West Pilbara, it is shown as defining the boundary between offshore and
nearshore distinctive coastal tlpes on Maps III- 7,8 & 9.

1.1.2 Mainland coastal tyaes
For the most part the mainland coast has low relief and consists of long sandy beaches or mangals
backed by sand dunes, but there are many lagoons, bays and inlets and some rocky headlands and low
limestone cliffs. The relatively high relief and rocky shores of the inundated Dampier Archipelago are
an exception within the region.

The western part of the mainland Pilbara coast is characterised by deltas, barrier islands and
associated lagoons with extensive development of mangals, backed by wide supra-tidal flats. The
deltas may be active or inactive. The barrier islands are remnants of eroded shorelines. Thus, this
sector of the coast is undergoing considerable change, with both depositional and erosional processes
presently operating. The resulting geomorphological variability creates a variety of coastal habitat
types, each characterised by distinctive community structure and species composition.

The Canning coast and the eastern part of the Pilbara coast are characterised by long stretches of
sandy beach alternating with large, deeply indented bays. The bays form complex geomorphological
and ecological units in their own right, usually with barrier islands at their entrances, lagoons with
mangals backed by inundated flats around their shores, and extensive development of tidal sand and
mud flats.

For the purposes of selecting areas of the coast containing representative habitats, using
geomorphological criteria, it is possible to recognise 11 distinctive coastal tlpes along the mainland
coast of the Canning-Pilbara Region:

bay;
dundridge barred bay;

1 .
2.
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3. active delta;
4. inactive delta;
5. inactive delta with barrier;
6. barrier limestone coas!
7. eroded barrier with baYs;
8. beach/dune coast;
9. ria/archipelagocoast;
10. chenier coast:
11. sand dune hinterland coast.

Wthin each of these broad-scale coastal types there is a recurring set of medium to small-scale

marine habitats that support diverse mangrove folmations and intertidal flal beach and rocky shore

communities.

The bays ofthe canning and eastem Pilbara coasts are worthy of special consideration. The coast

between Cape Leveque and Cape Bossut exhibits a recurring geomorphic pattern of bays and

dune/ridge barred bays. The primary features are:

. large-scale V-shaped bays, with smaller V-shaped headutaters; carbonate mud systems
characterising the upper tidal parts and sandy substrates characterising the lower tidal parts;

. a system or series of Quaternary barriers and spits, usually along the southern or south-western
portion of the bays, resulting in the formation of a southern shore complex consisting of a
series of smaller barred embayments;

. scalloped V-shaped interfaces between the high tidal zone and the hinterland.

Bays and barred bays that show these geomorphological features are Pender Bay, Beagle Bay, Carnot
Bay, Cape Boileau, Wllie CYeek, Crab Creek, and the Lagrange complex.

Wthin and associated with these bays there are two types of tidal flats - sand dominated flats that
occur on the open shores, and mud dominated flats that occur typically in the more sheltered areas
within the bays. Rocky shore habitats may occur along the barrier headlands. A variety of mangal
types are developed in the embayment settings within the larger V-shaped bays, according to the
local habitat conditions.

From the point of view of nature conservation and ecosystem management, it would be desirable to
reserve one (or more) of these V-shaped bays in its entirety, containing a typical suite of habitat
t),pes, as a self-contained ecological unit.

Four distinctive habitats which are characteristic of the Canning-Pilbara coast are of particular
interest.

(i) Mangals
For the purposes of this report a classification of mangal habitais is given in Section 3.7.7 of Part I.
Mangroves and mangal habitats aye extensive in the Canning-Pilbara sector, especially in the bays of
the Dampier Peninsula and in the west Pilbam. There are few places in the world where mangals
occur in arid conditions. In this respect the Pilbara mangals, though not rich in species, are of great
scientifi c importance (Semeniuk, 1993b).

The floristics and community structure of mangals in the region have been studied by Semeniuk
et al. (19781, Semeniuk & Wurm (1987) and Semeniuk (1993a, 1993b). Johnstone (1990) has also
described a series of mangals along the coast and the birds which inhabit them.

Ten t),pes of mangal assemblage are recognised. They form wide forests in some parts of the
mainland shore, although species diversity is less than that found in the mangals of the North
Kimberley due, in part, to the arid and semi-arid climate. Small but complex mangals are a feature of
the bays which chancteyise the Canning and easteyn Pilbara coast. Minor mangals are also found on
sheltered shores of many of the coastnl islands. As pyeviously stated, within each of the 11 distinctive
coastal gpes of the Canning and Pilbara coasts there is a recurring set of medium to small scale
habitat types that support different mangal assemblages. Preservation of samples of each ofthe broad

Part III - 7



scale coastal types within a reserve system would maximise the probability that the range of
mangrove species and mangal types, associated physio-chemical processes, and associated flon and
fauna, are represented. There is no doubt that these mangal systems contribute very significantly to
the nutrient resources of the Pilbara coastal waters. It is very important that they be carefully
managed and protected.

The Working Group noted that in order to maintain the nutrient cycles and productivity of the
coastal zone and preserve the nursery areas of many coastal species including scale fish and
crustaceans which are the target ofboth commercial and recreational fisheries, it is necessary to
properly manage and protect the whole mangrove system of the region.

(ii) Intertidal flats
Interti dal mudflats are a feature of the mainland shores of this sectot usually associated with
fringing mangals in bays and lagoons. Intertidal sandflats are also a significant feature ofthis coast.
Wth such a large tidal range, especially on the Canning coast, the mudflats and sandflats of
mainland shores are often very wide (sometimes a kilometre or more) crossed by deep drainage
channels. They support rich and diverse faunas ofburrowing invertebrates. Some ofthem are
extremely important feeding areas for migratory birds.

There are extensive intertidal sand flats also around some of the nearshore and offshore islands.
These habitats and their infaunal communities are somewhat different to the coastal flats but they
too support a high diversity of invertebyates.

Many of the regionally endemic species occur in these habitats. Mudflat and sandflat communities of
these types are found no further south than Exmouth Gulfbut they extend across northern Australia
into the Gulf of Carpentaria. Comparable habitats on the mainland shores of eastern Queensland (the
Solanderian Province) have many species in common but there are also many differences.

(iii) Rock! shores
Rocky shores are of two b,pes on the Canning and Pilbara coasts. In the central Pilbar4 particularly
in the Dampier Archipelago, many shores are dominated by Pre-Cambrian igneous rocks with rock
walls or boulder fields sloping into the sea. Elsewhere on the mainland coast and more frequently on
the coastal islands, there may be limestone aeolianite, oolitic, or beach-rock shores.

The limestone shores of the region are frequently eroded into horizontal intertidal rock platforms
with a double intertidal notch at the inner edge formed by wave action, chemical erosion and the
activity of boring and burrouing organisms. The double notch of limestone shores is a particular
feature ofthe outer Pilbara islands. The zone separating the upper and lower notches is dominated by
the growth of rock -o6ters (Saccostrea) and associated fauna. The horizontal platforms form rock
pavement habitats, usually covered with algal growth, and support very diverse invertebrate faunas.
Typically the algae are heavily grazed by herbivorous fishes at high tide to form a low "algal turf'. The
front edges ofthe rock platforms may bear coral growth. In many cases there is extensive coral reef
development in the sublittoral zone of the reef front and reef-front slope.

Rock platforms are particularly well developed on the seaward shores of some of the offshore, oceanic
islands, most notably Barrow, the Monte Bellos, the Muirons and the outer islands of the Dampier
Archipelago. Because of their clear water and moderate wave action, the floral and faunal
composition and community structure of rock platforms of these outer islands differ significantly to
those of the inner islands and mainland shores.

(iv\ Coral reefs
Coral reefs are well developed in this sector, as discussed in Section 3.7.5 of Part I. They include the
shelf-edge atolls of the Rowley Shoals, offshore coral banks and platform reefs of the West Pilbara,
and extensive fringing reefs such as those of the Lacepedes, the Dampier Archipelago, the Monte
Bellos, the Muirons and other coastal islands. In most cases the coral reefs are developed as a thin
veneer on non-coralline limestones around the reef fronts and slopes. The long-standing coral reefs
ofthe Rowley Shoals are an exception to this generality. Species diversity of these coral reef systems
is quite high (Veron & Marsh, 1988) althoulh there is little species endemicity.
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1.1.3 Islands
The islands of the Ro\uley Shelf are o{ several types:

2 .

Metasedimentary and igneous islands of the Dampier Archipelago (Semeniuk et a|.,1982;
Trendall, 1990). The core of most of these islands consists ofArchaean metasedimentary and
igneous rocks of the Fortescue Group. They are relics of the higher parts ofthe mainland
flooded by the last Pleistocene tnnsgression. For the most part they lie within the nearshore
zone-

(Some outer islands of the Archipelago are of different origin and composition, representing
relics ofthe Pleistocene shelly, ooid and aeolianite limestone shores. The shore habitats they
provide are more akin to the limestone islands of other areas - see 3.)

Offshore islands ofthe Barrow complex comprise Tertiary limestones, which are relics ofthe
structurdl trend ftom the Cape Range anticline. They include Barrow Island itself and North
and South Muiron Islands.

Offshore and nearshore islands composed ofshelly or ooid Pleistocene Iimestones. Many of
these are formed along Pleistocene shore-lines since transgressed by higher sealevels. The
outer islands ol the Dampier Archipelago, eg. Delambre, Legendre and Kendrew, are included
in this category (Semenluk et a|.,7982).

Holocene sand islands formed on shallow banks.

5. Shelf-edge atolls of the Rowley Shoals. These are built of coralline limestone upon fault blocks
of Tertiary and Mesozoic limestones and emerge from great depths at the shelf break (see Berry
& Marsh (1986) for description and references). They are actively growing coral reef systems.
Of the three atolls in the group two, Clarke and Imperieuse Reefs, have emergent sand cays and
are therefore under WA State jurisdiction. They are very like Scott Reef and Seringapatam Reef
on the shelfbreak of the Sahul Shelf further north.

Each ofthese island types has its characteristic types ofshore habitats, determined, in part, by
substrate and degree of exposure to wave action. For example the igneous rocky shore habitats of the
Dampier Archipelago islands are very different to the limestone shores of Barrow Island, the sand
cays of the Serrurier Island complex, and the coral reefs of the Rowley Shoal atolls.

Also, the marine habitats surrounding the nearshore and offshore islands naturally exhibit the
conditions ofthe turbid nearshore and clearer water offshore zones ofthe Rowley Shelf (see Section
1.1.1). The habitats surrounding the offshore islands tend to approximate oceanic conditions.

1.2 Marine flora and fauna

Scientific study of the marine flora and fauna of the Canning-Pilbara coast did not begin in earnest
until quite recently. None of the scientific expeditions of the last century made any collections of
marine specimens on this coast although some specimens collected by the pearl fishing industry
during the latter half of that period, especially from the vicinity ofthe pearling ports ofBroome and
Cossack, found their way into the hands of European scientists. British marine naturalist W. Saville
Kent collected a few corals from the Lacepede Islands and the in vicinity of Broome which were
referred to in monographs published by Brook (1893), Bernard (1896, 1897, 1903, 1905, 1906) and
Matthai (1928). The first major sampling of the marine fauna was by the Mjoberg Expedition of 1910-
13, which also operated mainly in the vicinity of Broome. The results of this productive expedition
were published by a series of authors over a period of years under the title Results of Dr E. Mjoberg's
Swedish Scientific Expeditions to Australia 1901-13 (K. Suenska Vetenskapsakademiens Handl.).
Montague made a small collection of marine fauna at the Monte Bello Islands in 1912 (Montague
1914). H.L.Clark collected echinoderms along the Canning coast as far south as Wallal in 1929, and
again in 1932 when he also did some dredging offshore. This material was included in his
monographs on the echinoderm fauna ofAustralia (Clark 1938, 1946).
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Since 1960, staff of the Western Australian Museum have made extensive collections of marine fishes
and invertebmtes at a number of Pilbara localities including Barrow Island, Muiron Islands, Exmouth
Gult the Dampier Archipelago and the Monte Bello Islands. Ajoint expedition of the westein
Australian Museum and the Bernice p. Bishop Museum of Honolulu, sponsored by Mrs Mariel King,
carried out a three-month dredging and diving survey along the lvestern pilbara ioast in 1960,
resulting in large collections of marine invertebrates, especially molluscs. Detailed surveys ofihe
marine fauna have been carried out by the western Australian Museum and the Department of
conservation and Enviyonment in the Dampier Aichipelago, Rowley shoals and the Monte Bello
Islands (references given in the appropriate Sections). An illustrated guide to the fishes of North-
Western Australia was one outcome of those surveys (Allen & Swainston 1988). Another illustrated
monograph of the fishes of the region (Sainsbury el a/., l9g5) resulted from a survey of the deep
trawling grounds on the outer part of the North West Shelf conducted by CSIRO Division of Fis'heries
Research.

Although, as noted in Part I section 3.2, the marine flora and fauna of the North west Shelf has
predominantly Indo-west Pacific affinities and the majority of species are widespread in that vast
biogeographic region, there is a significant degree of local endemicity. Most of the endemic sDecies
are common to the northern Australian coast between North West Cape and the Torres Strait, leading
marine biogeographers to designate it as a biogeographical province named the Damperian province.
The Canning-Pilbara sector under discussion here represents the western portion of ihat orovince.
The endemicity is most marked in the nearshore zone.

The fish, invertebrate and marine plant communities of the nearshore reefs, banks and tidal flats
have a rather different composition from those of the shelf-edge atolls and offshore islands (Wilson.
1985; wells 1986b). These differences between the inner and outer shelf biota are Iargely due to the
very different habitats provided by the turbid and more highly nutrified waters of the foimer and the
clear oceanic conditions in the latter. The outer part of the shelf is apparently much influenced by
the southerly flowing currents originating with the Timor Currentwhich draws pacific water throuph
the Timor and Java seas (wyrtki 1957, 1923). The coral reefs around the islands and atolls of the
North west Shelf edge contain many widespread tropical species with Indonesian and pacific
affinities that are not represented in the nearshore communities (wlson, l9g5; authors in Berry,
1986). Many of those species spill around North west cape and populate the clear-water reefs oi the
Ningaloo Marine Park and areas further south by means of the Leeuwin current which originates on
the North West Shelf.

For these ecological and physical reasons, North west cape is a point of major biogeographic change
on the wA coast, separating the marine flora and fauna ofthe North west shelffrom thoie of the 

-

Dirk Hartog and Rottnest Shelves to the south. It is therefore an appropriate biogeographical
boundary and useful in classification of the coast for marine reserve selection prrpoi...

Relatively little is known of the marine flora of the pilbara and canning coasts or the islands of the
North west shelf. There has been no systematic study of either the algal or seagrass communities in
the region.

Seagrass meadows occur in the shallows in many parts of the pilbara-canning coast but they do not
appear to be as extensive as those on the west and south coasts of the State. Intertidal rock flats carry
a fair growth ofalgae and some ofthe shallow offshore banks seem to be algal-dominated rather than
coral-dominated, but there are no dense seaweed-kelp beds like those of the southern temperate
coast. Nevertheless, seagrass and algal beds are obviously an important element ofthe region's
ecosystems and they support a diverse fauna of herbivorous fishes, turtles and dugong.

The Lacepedes and many of the Pilbara islands are important nesting sites for turtles and seabirds.
These have been identified and assessed in an unpublished report by officers of the Department of
Conservation and Land Management (pers. comm., Dr Keith Morris, 19gg).
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1.3 Tourist potential

The coast and islands ofthe Pilbara and Canning sectors presently have moderate use by local people

seeking aquatic recreation, ie. boating, fishing and diving. Naturally these activities are concentrated
in the vicinity of population centres, notably Broome, Port Hedland, Karratha-Wickham-Dampier,
Onslow and Exmouth. Local recreational use of these coastal resources is an important aspect of life
in the area and undoubtedly itwill increase. Heavy fishing pressure is alleged at some localities
where recreational fishing is concentrated (see 1.4).

The coast and islands of the sector have only moderate potential for the development of marine-
oriented commercial tourism. Most visitors will be interested primarily in the magnificent fishing or
fascinating natural history of this remote coast. The beaches of the Canning coast are rightly a big
attyaction for tourists, mainly based in Broome. There are two island-based fishing camps off Onslow.
Charter boats operating from all of the main ports offer fishing and diving trips to the offshore waters
and islands.

A recent Tourism Development Plan for the Pilbara Region (Barrington & Partners, 1986) and
subsequent Implementation Strategy 1991-95 (Pilbala Regional Development Advisory Committee 6r
WA Tourism Commission) noted the modest potential for day visits to coastal areas and isJands,
proposed the development of additional boat ramp facilities at several locations, and recommended
that a study be undertaken to investigate the possibility of developing additional island holiday
accommodation off the Onslow coast.

Scenically the islands of the Dampier Archipelago have many attractions and there is some potential
there for developing additional accommodation in the proposed national park. The colourful rock
piles sloping into the sea, ftinged by mangroves or sandy beaches, are scenically unique. However,
other islands in the region are generally low in profile, sparsely vegetated, and rather bleak in
prospect. The severe, arid to semi-arid climate of the region, and the lack of potable water makes
these islands attractive only to those willing to cope with hard environmental conditions. There
seems to be little scope for resort development.

Nevertheless, there is potential for development ofthe charter boat industry, especially for fishing
and dive tours to the outer isiands (see Section 1.4). Perhaps there is also potential for development
of natural history tours to the islands to observe such features as the turtle nesting and seabird
rookeries which, in season, provide such an impressive spectacle.

1.4 Fishcriet

Presently there is an economically important and diverse range of both commercial (including
aquaculture) and recreational fishing practised in waters off the Pilbara coast. These fishing
operations are centred at the ports ofBroome, Port Hedland, Port Samson, Onslow, Dampier and
Exmouth.

Commercial fishing operations comprise seven established fisheries and a number of developing
fisheries. Pearling is the key industry of the region. Live pearl shell for subsequent use in the pearl
culture phase is harvested by divers from several areas off the Pilbara coast between Exmouth Gulf
and King Sound. The principal harvest area is off Eighty Mile Beach. Pearl culture leases where
"seeded" pearl oysters are held at low density on long lines or in baskets are located at the Monte
Bello Islands, Dampier Archipelago, offEighty Mile Beach, and in the Buccaneer Archipelago.

Prawn trawling activities are managed by three separate limited-entry fisheries, the Exmouth GuJf,
Onslow and Nickol Bay fisheries, which are located between Exmouth Gulf and 120"E longitude. The
major tayget species are the tiger, western king, and banana prawns, with substantial catches of
endeavour prawns also taken.

The majority of the finfish catch is taken by two separate limited entry fisheries, the Pilbara trap (and
line) fishery, and the Pilbara Fish Trawl industry. Both these fisheries extend from North West Cape
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to 120"E longitude. There is a shoreline closure to the 30 m isobath for the trap fishery. The prime
target species are the nor-west snappers, emperors and cods.

Access to shoreline beach netting for fin-fish in Exmouth Gurf is restricted under the management
affangements for the Exmouth Gulf Beach seine Fishery. The main target species include selreral
species of mullet, whiting, bream and garfish. Bony (or perth) herring aie also sought seasonailflor
the bait market. Netting activities between the northern boundary ofihis fi.t .,y ^"'o rgs iuiiirio.,-
targeted mainly at threadfin sarmon and barramundi, are presently operated by ricensed western
Australian "wet" fishermen.

specific management programs are presently being developed for the tropicar rock robster and mud
crab fisheries. The lobster fishery is centred primarily in the Dampier Archiperago where the animars
are taken by diving. A smal rocar-market fishery for mud crabs oferates in iidal-creeks and ,n""giou"
areas along much of the pilbara coastline. Some licensed commercial aquarium fistr ano speclmln
shell collectors also operate throughout the region.

There has been a recent escalation of the level of effort expended on the capture of a range of shark
species in the region. At present shark fishing activities between North west cape and 12b"E
longitude are managed by the State, whirst those to the east of this are mostly managed by the
commonwealth. Longlining activities target mostly rarge sharks for the intemationa] fin markets.
Gill netters generally seek smaller animals to supply boih local and international markets with shark
meat.

The commonwealth-managed North west Deepwater Trawr Fishery, which primariry takes deepwater
crustaceans, operates on the continental slope between 114 and 125.E longitude. The Rowley s'hoals
lie just inside the eastern boundary of this fishery. The commonwealth als-o manages a s,nuii 
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designated trawl area for western king prawns immediately west of r22"E longitude (north west of
Broome).

For some years the inshore waters adjacent to the pilbara's developing popuration centres have
experienced substantial and increasing levels of recreational fishing pressure. Although boat anglers
targeting a range of tropical food and game fish have exerted most oi this pressure, siore-basei
angling, netting in tidal creeks and estuaries, and diving primariry for rock robster have all
contributed.

The charter industry, operating from the major ports of the pirbara, caters for an increasing number
of recreational line fishermen. Management arrangements for this developing industry are"presently
being finalised.

Management plans for all the commerciar fisheries, together with recent deveropment of a long-term
strategy for recreational fishing throughout the State, are aimed at providing the basis for sustiinable
management ofthe fish and crustacean resources ofthe pilbara coast-

1.5 The hydrocarbon industry

The North west Shelf is a productive area for hydrocarbons, both petroleum and gas. The Barrow
Island field has been producing since 1966. In the r980s production began from severar other fields
off the Pilbara coast, most using islands as a base for offshore production facilities. Exploration is
continuing in an area from North west cape to north of Karratha with the expectation of further
discoveries.
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2 EXISTING MARINE RESERVES

2.1 Rowley Shoals Marine Park (see Part Il, Map ll-7)
Clerke and Imperieuse Reefs, the two atolls under State jurisdiction in the Rowley Shoals, have been
declared Class A marine park under the Conservation and tand Management Act. The park was
gazetted on 25 April, 1990, the two sections totalling 23 250 ha. in area. The Commonwealth
Government has declared the third ofthe shelf-edge atolls in the group, Mermaid Reef, a marine park
under the Commonwealth National Park and Wldlife Conservation Act.

The geomorphology and marine fauna of the Rowley Shoals have been described by Fairbridge
(1950), authors in Berry (1986) and Veron & Marsh (1988). Fairbridge considered them to be
geomorphologically the most perfect examples ofshelf atolls in Australian waters. Recent biological
studies have shown that the marine fauna of these reefs is exceptionally rich and diverse,
representing the oceanic coral reef community types characteristic of the central Indo-West Pacific
Region and very different to the communities of the nearer shore coastal reefs. So far 52 genera and
184 species ofscleractinian corals have been recorded from these reefs (Veron in Berry, 1986),
slightly less than the figures for the more intensively studied Scott and Seringapatam atolls lurther
north. The fish fauna is equally rich with, at last count (Allen & Russell in Berry, 1986), 688 species
of258 genera.

In addition, the underwater scenery is quite spectacular. The Rowley Shoals are now well known
internationally as one of the world's great dive sites. The anchorages within the Clerke Reef and
Mermaid Reeflagoons are already popular destinations for charter vessels operating dive and
recreational fishing tours in that vicinity. Development ofsuch operations will certainly continue.

At the time of preparing this report there is no management plan for the State marine park. It is
expected that the main management objectives will be protection ofthe very significant flora and
fauna of the reefs and lagoons, and such recreation as may be consistent with that first objective.
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3. RECOMMENDATIONS FOR MARINE RESERVES ON THE PILBARA
AND CANNING COASTS AND ROWLEY SHELF.

Previous recommendations of the Conservation Through Reserves Committee (Systems 7,72,8, and
9) and Department of Consewation and Land Management report entitled Nature Conservation
Reserves in the Kimberley, Western Australia (Burbidge et 4/. 1991) are incorporated within the
following recommendations of the Working Group.

3.1 west Coast of Damplerland (Map lll-l)

The Dampierland Peninsula is generally oflow reliefand sandy. Its northern tip, Cape Leveque,
mark the southern limit of the Kimberley's ria coast and the beginning of the very different coastal
types typical of what is here termed the Canning coast. The eastern shore of the Peninsula forms the
western side of King Sound and was considered in Part II.

The western shore of the Dampier Peninsula is characterised by sand dunes, long sandy beaches, a
few low rocky headlands, and a series of the deep, V-shaped bays discussed in Section 1.1.2. The
climate is sub-humid and there are no rivers or major creeks flowing to the sea. Nevertheless,
because of the fine-grained nature of the coastal rock and the extreme tidal range, the near-shore
water is turbid.

The V-shaped bays are a feature of the Canning coast. They comprise a repeated set of secondary
geomorphological tlpes and marine habitats. They tend to have low rocky headlands with limestone
or sandstone reefs and extensive sand flats on the seaward corners, well developed mud flats and
mangals at their heads, and moderate supra-tidal flats between the high tide level and the terrestrial
vegetation of the hinterland. In many respects each of the V-shaped bays can be regarded as a
separate ecosystem with a high delree of internal integrity, although there must also be significant
connectedness with the adjacent coastal waters.

Rocky shores at the headlands tend to form rock platforms or boulder fields, often at several distinct
levels within the intertidal zone and with extensive tidal pools. Although many scleractinian and soft
corals grow in the lower pools, coral reef development is minor. There is usually moderate
development of algal turfs and a rich invertebrate fauna.

Extraordinarily wide intertidal sand flats are perhaps the most notable feature along the open ocean
shores of this sector. Some of these are more than a kilometre wide at low spring tide. They exhibit a
nnge of sediment types from fine silty sand in nearshore situations to coarse, shelly rubble where
there is a strong tidal flow. They are often very strongly sculptured with ripple marks and drained by
complex, dendritic systems of tidal channels. There is very little plant growth on these flats, although
sparse seagrasses grow in some shallow pools. Faunistically, on the other hand, these flats are
remarkably rich. They carry very dense and diverse populations of bivalved molluscs and other
burrowing infauna which are preyed upon by large numbers of fishes at high tide, and by wading
birds at loru tide. At the extreme outer edge (at low spring tide level) they bear dense growths of soft
coral and sponges. The large biomass of these flats is no doubt supported by the high production of
organic material in the bays behind them.

The mangals in the bays are typically complex in their zonation and floristic composition although
they are less species-rich than the mangals of the north Kimberley coast where rainfall is higher, and
several of the mangal structural types are missing. Johnstone (1990) recorded 12 species of mangrove
from the region and noted the scaycity ol tall Rhizophora and Sonneratia forest. He recorded 16 of
the 22 species of birds which typically inhabit the mangals of the Kimberley. Structurally, several
different mangal types can be recognised, each characteristic of particular geomorphic settings. The
patterns of mangal types are repeated in each of the V-shaped bays from Pender Bay in the north to
lagrange Bay south ofBroome.

The only ollshore islands on this section ofthe coast are the Lacepedes. With that exception there are
no coral banks or off-shore reefs and the continental shelfslopes more or less regularly, though with
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some deep tidal scour channels. The nearshore bottom sediments consist mainly of terrigenous
muds.

Prcoious recomm e nda tiotts
There are no previous recommendations for marine protected areas on the western coast of the
Dampier Peninsula. Houever, the CTRC report and subsequent EpA recommendations included a
proposal for the reservation of a section ofvacant crown Land along the coast between cape Borda
and Lombadina Point as a nature reserve. This proposal was endorsed by Burbidge et al- (1997\.

In this report two marine areas of the Dampierland coast are identified as worthv of reservation.

3.1.1. Pender Bay
Tenure
The peninsula of Cape Borda and the coastal land to the north of it is vacant Crown Land. The
southern shore of Pender Bay, including Perpendicular Head, is Aboriginal Reserve. The land at the
head of the bay is pastoral lease.

Petroleum Exploration Permit EP 104R3 covers the adjacent hinterland in the pender Bay,lBeagle
Bay area and extends into the inshore waters of Pender Bav.

Ceomorphologtg
Pender Bay is a tlpical example of the Canning coast V-shaped bays. It has a broad mouth with rocky
headlands at either side of Cape Borda in the north and Perpendicular Head in the south and
moderately deep waters between. The southern shore between Perpendicular Head and Bell point is
northward-facing and exposed, with sandy beaches and extensive intertidal sand flats. The northern
shore is shorter, with a rocky headland at Cape Borda, fronted by very wide sand flats, abrupfly
changing to mangal habitat to the east. The head ofthe bay has a major mangal backed by supra-tidal
flats.

Conseruotion ualues
Although there are no data on seagnss beds in this bay, the area is a major site of dugong hunting by
Aborigines and the presence ofseagrass habitat may be inferred.

There have been no systematic surveys of the marine fauna and flora of Pender Bay although staff of
the Department of Conservation and Land Management have carried out cursory studies on the sand
flat and mangal faunas at Cape Borda. In that area at least, the intertidal fauna is extremely rich and
is tlpical of that of the Canning coast.

Recreotion
Scenically both Cape Borda and Perpendicular Head are attractive. Their sandstone rock are
colourful and their landforms varied. However, most visitors go there for the fishing or shell-
collecting.

Access to the southern shore of Pender Bay is difficult and the land is reserved for Aboriginal use.
There is little prospect of extensive recreational development there, except for the use of local people.

Cape Borda is part of an area proposed to be reserved as a nature reserve and extensive recreational
developmenti theye are not likely. The headland and adjacent beaches and the mangal are commonly
visited by Aborigines and, to a lesser extent by non-Aboriginal people from Broome. Road access is
difficult. There is a boat launching site in the bay on the northern shore just east of Cape Borda.

The best prospects lor recreational developments in this area are for day visits to Cape Borda but
supervision would be necessary. Recreational fishing and shell-collecting would be consistent with
marine park status, subject to management.
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3.1.2. LacepedeIslands
Tenufe
The Lacepede Islands are located about 18 km west of the mainland coast of the Dampier Peninsula
north ofBroome. The gyoup consists of West Island (106.6 ha) and Middle Island (53.6 ha) which
together comprise Class C Nature Reserve No. 7279 for the conservation offlora and fauna, East
Island (32 ha) which is a Commonwealth lighthouse site, and Sandy Island (8.2 ha) which is Vacant
Crown Land.

Geomotphologg
The four islands are sparsely vegetated Holocene sand islands built on a limestone rock platform. No
details are available on the structure ofthe reefs surrounding the islands. However, from aerial
inspection and verbal reports ofvisitors to the islands it has been determined that they are
surrounded by a complex of shallow lagoons and interiidal and subtidal rock pavements and sand and
muddy sand cays. The complex is about 16 km long, separated from the mainland by the Lacepede
Channel. The surrounding sea is generally less than 20 m deep and is usually turbid.

Reteotional use
People from Broome and the adjacent mainland occasionally visit the reefs around the Lacepedes for
recreational fishing. Some tourist charter operators take their customers ashore on the islands to
observe the seabirds, under permit from the Department of CALM. There is no potential for
development of holiday accommodation on these islands because of their desolate nature and lack of
fresh water.

Marine flom aml fauna
A brief account of the flora and fauna of the islands is given by Burbidge el al (1991). The main
biological importance ofthe islands is as nesting sites for marine turtles and seabirds. The islands are
major nesting sites for the Brown Booby (Sula leucogaster) and the Lesser Frigate-bird (Fregata
aiel). OLher btrds nesting there include the Australian Pelican (Pelecanus conspicillatus), the
Common Noddy (Anous stolidus) and the Fairy Tern (Stema nereis). The Lacepede colonies of the
Brown Booby are the largest in the world and the Lesser Frigate-bird colonies are the largest in the
Indian Ocean.

The islands are also the site ol a major rookery of the Green Turtle (Chelonia mgdas). A current
turtle tagging project operated there by the Department of CALM in collaboration with the local
Aboriginal community, seeks to determine migntion patterns ofthis species. Preliminary results
indicate that female green turtles which feed as far away as the Gulf of Carpentaria and Indonesia
tnvel to this site for their egglaying in the early summer months.

The Flatback Turtle Wator depressus), an endemic northern Australian species which is declared
threatened under the Western Australian Wldlife Conservation Act, is also recorded nesting on these
islands.

There is limited information available on the marine flora and fauna of the reef platforms and sand
flats surrounding the Lacepedes. The English marine naturalist Saville Kent visited the islands in the
early 1890s and collected and photographed corals (Saville-Kent 1897: pp 219-222). His small
collection of corals is now in the British Museum of Natural History. From that source came the
original specimens of lhe coral Montiggra kenti Ivlatthai,1928, but the species has not been collected
there (or elsewhere) since.

Marine biologists from the WA Museum and the Australian Institute of Marine Science briefly visited
the Lacepedes in July 1982 and collected some invertebrates from the intertidal and sublittoral zones.
Mud flats and wide sand flats with algae but few corals were noted on the southern side of West
Island. On a second visit, in May 1987, a landing was made on Middle Island. On that occasion the
group noted barren, muddy flats on the south side and a barren, stepped, intertidal rock platform on
the north side covered with a sparse algal turf. The intertidal flats are subjected to severe tidal
scouring and the apparent sparseness of their biota is perhaps not surprising.

The limited collecting and study of the marine communities at the Lacepedes, together with aerial
inspection, reveal that the outer edges ofthe reefplatforms and some of the shallow lagoons and
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channels support extensive coral reefs and the presence ofsome seagrass beds in the Iagoons. Giventhe close proximity of the reefs tothe.mainrand and ihe relativery turbid water, it is likiiy ini.th.'^sublittoral reef communities are rich in species. The Iimited invertebrate colectionrt# h;; ;;;"made at the Lacepedes indicate that there are fer,v species in common with th. .h.rf"d;;;; ;id_'shelf platform reefs further offshore and further noith.

Declaration of a marine conservation reserve around the islands wourd assist protection ofthe veryimportant turtle and seabird nesting sites and the habitats ofthese animals u.ror. u^o uri.ili.Jing.The marine habitats, flora and fauna may also be worthy ofspeciar protectron measures in their ownright. The habitats represent the Horocene sand isrand ipe on a rimestone platrorm, wittr a viiiety lffringing coral reef, intertidal sand flat, algal and seagrass-bed, rock platform, and channel h"tit";. 
-'

Prca ious tecotnmenda tions
Followin$ the CTRC recommendations, the EPA recommended that the reserve should be extendedto the low water mark to protect turtles and up-graded to class B. These recommendations were 

-

endorsed by Burbid ge et ar. (r99r) who further recommended that Sandy Istano snorto le aoaea tothe reserve (Rec. 2.4).

Work i n g Croup Recomme nda tions

l. Pmder Bag - Cape Borda:

"(i) that a survey be carried out of the supratidal, intertidal and shallow sublittoral marine habitats andflora and fauna of the Cape Borda pender Bay system and the Sandy point Beagle Bay system;
"(ii) that, as an outcome of the survey, an area of the coast be selected lor declaration as a marine reservefor public recreation and protection of fro'u and fauna, to represent the v-shaped buy ryrt",n, "t urJ"rirfi"of the Canning coast."

2. Lacepede Islands:

"that there be a survey of the intertidar and shatow sublittorar marine habitats and reefplatformssuffounding the Lacepede Islands, and an assessment made of their suitability as a rnarine reserve for theconservation offlora and fauna.,,

3.2. Roebuck Bay - Lagrange Bay (Map Ift_2)

The coastline from Broome (Gantheaume point) to the northern end of the Eighty Mile Beach (cape
Missiessy) represents a unit of considerabre georogicar and geomorphorogicar ririety with a wide 

'

range of marine habitats. It encompasses the port ofBroome and the Roebuck Bay RAMSAR ',wetland
of International Importance,' (see below).

Tmure
A small area of the shore and near-shore waters south of Gantheaume point, Broome is decrared"closed waters" under the Fisheries Act for the protection of invertebrate fauna. shell-corecting isprohibited there.

A portion of the northern part of Roebuck Bay is gazetted as the port of Broome.

The hinterland includes the town-site ofBroome, Aboriginal Reserve and pastorar rand. There is asmall Nature Reserve south ofBroome occupied under i-ease by the Royal Australasian Ornitholo;ists
Union for use as the Broome Bird observatory. At the northern end of Roebuck Bay a portion of tlheadjacent Roebuck Plains Station was recentry purchased by the Government for addition to theproposed marine park. Elsewhere there is a 40 m strip ofvacant crown Land between High water
Mark and the adjacent pastoral lease boundary.

In recognition of its importance as habitat for migratdry shorebirds the shores and hinterland of
Roebuck Bay are designated as a Wetland of Intemational Importance. On that account the State has
obligations to provide adequate protection for the conservation values of that area.
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Petroleum Exploration Permit EP 114R2 covers the adjacent hinterland in Roebuck Bay and extends
into the adjacent State waters.

Gumorphologty
This section ofthe coast lies at the southern end ofthe subhumid region extending northward to
King Sound. It is a relict of a major palaeodrainage system originating in the present Great Sandy
Desert region, but today it is characterised by the absence of any river transporting sediments. It
includes two major bays of distinct coastal types (see Section 1.1.2). Roebuck Bay represents the
coastal bay type (type 1) and Lagrange Bay represents the dune-ridge barred bay type (type 2), each
having its characteristic mangal and other habitats.

Offshore the sea floor slopes gently to the west-north west. A narrow north-west-trending tidal
channel of depths to 100 m (the Roebuck Deep) extends to 2 km offshore. Tidal range is up to 10 m.

The coastline contains a variety of landforms including rocky headlands, shores and intertidal
platforms, extensive lravel, sand and mud-flats, sandplain cliffs, a variety of mangal types and broad
open beaches. This variety is matched by a high diversity of flora and fauna, particularly in the
intertidal and mangal habitats. The coast also contains a representation ofthe coastal types which
evolved in the Pleistocene and Holocene in the southern Kimberley and Canning regions.

The sequence of coastal landforms and habitats is characterised by rocky capes and headlands of
Quaternary age overlain by complexes of Pleistocene and Holocene dune ridges. Extensive suites of
relict Pleistocene beach ridges are the principal characteristic ofwhat constitutes an exceptionally
complex geomorphological history of sediment deposition, weathering and erosion.

For the purposes of this report, three coastal sectors are recognised within this unit.

(i) Roebuck Bag Sector
This northernmost sector includes Cantheaume Point and the shores of Roebuck Bay. It is of
Pleistocene origin and includes three components with distinctive landforms representingi coastal
type 1.

The first ofthese components is the peninsula at Broome where sandstones, overlain by Pindan
sands, form extensive cliffs and narrou beaches.

The second landform type on the northern side of Roebuck Bay is of Pleistocene and Holocene origin.
Relict Pleistocene dune landforms and more recent Holocene coastal dunes are a major feature. The
coastal plain of this sector is characterised by aeolian dunes parallel to the shoreline, beach ridges,
and extensive supra-tidal mudflats. The shore is comprised of low, red, semi-consolidated, sandstone
cliffs, vegetated above with a low, open eucalypt woodland. Much of the shore is actively prograding.
Below the cliffs in the upper intertidal zone there is a zone of gritty beach sand or brown beach rock
and beyond that a very wide mudflat sloping gently out to the shallows of the bay. There are a few
fringing mangroves in some places. Substantial mangals are developed only where there are tidal
creeks such as Crab Creek.

In the southern part ofRoebuck Bay from Crab Creek to Bush point there is a third landform
consisting ofa remarkable linear mangal which is structurally unique on the western Australian
coast. This mangal is wide, strongly zoned, and drained by a series of transverse tidal creeks, each
dendritic and originating in wide supratidal samphire flats fronting the grassy Roebuck plain of the
low hinterland. It contains a variety of mangal habitats and assemblages. The seaward zone consists
of low, open to clos ed lorest of Auicennia, Aegiceras, Camptostemon and Rhkophora with some
Aegialitis {orming an underslorey. Auicennlb is the most common species forming dense stands in
the landward zone. Scattered trees and shrubs of Excoecaria occur on the landward fringe.

In addition to the mangal itself there is an equally remarkable, very wide, intertidal mudflat seaward
of the mangroves. The mudflat is several kilometres wide at the southern end of the bav where it
forms a broad spit projecting northwards from Bush point.
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Mangal and mudflat development also occurs south of Bush Point as far as Cape Villaret but there is
not the linear form which typifies the coast further north and there are several small bays.

(ii) Cape Villaret to Cape Latouche Treuille Sector
This stretch of coast is dramatically different to the shores of Roebuck Bay. Low pindan cliffs are
fronted by narrow beaches, interrupted only by a complex of early cretaceous sandstones and
mudstones at Cape Gourdon.

(iii) Cape Latouche Treuille to Cape Missiessg Sector
From cape Latouche Treville southward to cape Missiessy where the northern end ofthe g0 Mile
Beach terminates, there is a complex sequence ofthe bay systems referred to in section 1.1.2 as
dune/ridge barred bay (coastal tlpe 2). The bays include port smith, Lagrange Bay, Admiral Bay,
Geoffroy Bay and Desault Bay. They comprise rocky headlands, structurally complex mangals of a
type different from those of Roebuck Bay, and extensive intertidal, subtidal and iupratidaimud, sand
and gravel flats fronting deep tidal creeks draining the mangals. The extensive mangals bordered by
supratidal, halophytic mudflats and adjacent grasslands and woodlands are a dominint feature of this
coast.

Rocky headlands are the major controJling feature of the coastline iogether with extensive intertidal
rock platforms which are incised and weathered to form a highly complex and unusual landscape
visible at low tide. At False cape Bossut there is a wide intertidal rock platform with extensive
boulder fields and flat areas with tide pools standing at various heights above low water level. The
principal rock t),pe is referred to as the Bossut Formation, which is a poorly cemented, partly cross-
bedded, fine to coarse grained calcareous and quartzitic sandstone of euaternary origin.

The largest of the dune-ridge bay systems in this area is at r,agrange Bay between cape Bossut and
False cape Bossut. It contains a full suite of the sub-units characteristic of this coastal type,
including several discrete mangal systems, very extensive and well developed intertidal sand and mud
flats and rocky platforms.

Marine flora and fauna
Roebuck Bay and Lagrange Bay represent excellent examples of the coastal bay (type 1) and
duneiridge bay (t),pe 2) respectively, and contain exceptional examples of intertidal mud-ftat and
mangal ecosystems.

The mudflats of Roebuck Bay have particular conservation value as they are a primary feeding site for
a variety of migntory birds which make their first landfall and their last point of departure there on
their annual migration from and to their breeding areas in Siberia and other parts of the northern
hemisphere. The birds arrive exhausted and they spend several days or weeks feeding on the
inverteblates of these flats, building up their body weight before continuing their journey to feeding
areas in southern Australia. conversely, on their return journey the birds build up their body weight
and reserves on these flats before beginning their extraordinarily long flight to their northein
breeding grounds. The Roebuck Bay mudflats are one ofthe most important arrival and departure
sites for migratory birds in northern Australia.

close to the shore about 15 km south ofBroome the Royal Australasian ornithologists union (RAou)
has established the Broome Bird obsenratory on a small cArM reserve. The RAou operates this
facility as a centre for a major international bird-banding program. It is proposed that public
interpretive facilities be established there as a means to further public interest in the conservation of
migratory birds and as a contribution to the tourist resources ofthe district.

The importance of the Roebuck Bay mudflats to migratory birds and the designation of the Bay as a"Wetland of International Importance" under the RAMSAR Convention was noted above under
Tenure.

Little marine research has taken place along this stretch of coast. The Mjoberg swedish Scientific
Expeditions (1910-13) made extensive collections of invertebrates, mainly from the pearling grounds
off Lagrange Bay, and H.L. clark collected echinoderms in the area during his visit to Broome in
1929. Taxonomic accounts of these collections were published in the specialist journals of the period.
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The WA Fisheries Department has also conducted fishery surveys of coastal waters in the area in
more recent years. Nevertheless, there is no published information on marine habitats or
communities.

Inspection of the mudflats and muddy sandflats of both Roebuck Bay and Lagrange Bay by
representatives of the Working Group indicated that their invertebrate faunas are especially diverse,
comprising species typical of the muddy coastal waters of the North West Shelf, including the suite of
endemics referred to in Section 1.2. A very large fauna of burrowing bivalved molluscs is a feature of
the area. The rocky headland and intertidal rock fields at False Cape Bossut also provide habitat for
an extremely diverse rocky shore community. The intertidal fauna has a species-richness greater than
that of coastal habitats further north or south, reflecting the obvious high organic productivity of
these bays and the great habitat diversity.

The large mangals of this sector are also of outstandi ng structural diversity. They include muddy flat,
sandy flat, tidal creek, chenier, hinterland and rocky shore assemblage tlpes, as developed in
sheltered bays (see Section 3.7.7 of Part 1). The linear mangal ofthe southern part ofRoebuck Bay is
unique. Species diversity of mangal flora is high and many species are at the southern limit of their
tropical distribution in this vicinity.

The Working Group considers that the coast between Gantheaume Point and Cape Missiessy has
geological and biological features of high value for both conservation and recreation. These values
include a broad range ofhabitat bpes, some unique for the Western Australian coast, an extremely
rich marine fauna, geomorphological features of great scientific interest, and probably the most
important site in Australia for migratory wader bird habitat. These features require particularly
careful management.

Integrated management of the coastal waters and hinterland will be a key factor in management of
this area. It is important that supratidal flats together with adjacent land within the complex web of
mangals and their catchments be incorporated into a single management unit. The lines of
distinction between land units are intricate and comDlex and not alwavs clearlv definable.

Recteational and commercial uses
The Working Group noted that there is a modest degree of recreational fishing by local people in the
creeks entering Roebuck Bay and the several bays in the southern part ofthis sector. In addition
there is some commercial fishing, notably for mud crabs.

There is a large contemporary Aboriginal presence in the area and many culturally and historically
important sites exist along the coast. The Aboriginal community ofBroome makes fairly extensive
use of the mudflat and mangal environments of Roebuck Bay for recreational and subsistence fishing
and the gathering of molluscs and other invertebrates at low tide. Similarly, the Aboriginal people
from Lagrange use the mudflats and creeks of the bays in that area.

Burbidge et al. (1991) noted the potential for developing facilities and inteDretive activities for
observing the migratory birds in the Roebuck Bay area as an important international tourist
attraction. In collaboration with the Broome Shire, the MOU's Broome Bird Observatory is already
having some success in that direction as well as operating a bird-banding program.

Pteuious recomme nda tions
The CTRC and EPA reports did not consider this arca.Burbidge et al. (1991) recommended that a
Class A Marine Park be declared in the Roebuck Bay area. That recommendation included only the
intertidal mud flats and land along the shore between Fall Point and Sandy Point. Neither the EPA
nor the CALM Kimberley report considered other parts of this sector.

Wo* i ng Group Recommenda tiotts :
As a designated RAMSAR wetland, Roebuck Bay is an obvious candidate for reservation. As well as its
status as bird habitat it includes a large mangal of very unusual structure and exceptionally well-
developed mudflats. The Working Croup endorses the earlier recommendation of Burbidge et al.
(1991) that a marine park be declared in Roebuck Bay but believes that further work is needed to
define the most appropriate boundaries. From an ecologiical and management point of view, limiting
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the park to the intertidal flats is not appropriate. It would be preferable to resewe the whole waters of
the bay and such parts of the adjacent hinterland which directly contribute to its ecosystem
functions, ie. the tidal creeks and supra-tidal flats.

Also, the Working Group considers that boundaries should be set north and south of those
recommended in the 1991 report. The rocky shore of Gantheaume Point has particular conservation
values in terms of its invertebrdte marine fauna and the presence of dinosaur footprints. Inclusion of
that area within the marine reserve would help resolve the management problems that prevail there
and increase the habitat diversity of the reserve. The southern boundary recommended by Burbidge
el a/. at Sandy Point would be undesirable as the Roebuck Bay coastal geomorphic continues
southwards to Cape Villaret.

For these reasons the Working Group suggests that the Marine Park should include a larger area than
that recommended by Burbidge el a/. (1991), while noting that the Port of Broome would need to be
excluded.

The proposed Roebuck Bay Marine Park should be managed specifically for the protection of habitat
for migratory birds and the ecosystems upon which they depend. Nevertheless, the Workingi Group
believes that the current level of commercial, recreational and subsistence fishing in Roebuck Bay is
compatible with that management objective.

The Working Group was also impressed by the features of Lagrange Bay which is perhaps the best
example on the coast ofthe dune-ridge bay coastal b,pe. It has an exceptionally wide range of
habitats and biotic assemblages and an extremely rich marine fauna including many of the North
West Shelf endemic species.

Accordingly the Working Group recommends as follows:

1. Roebuck Bay Marine Park:

"(a) That the waters of Roebuck Bay be reserved as Marine Park for public recreation and protection of flora
and fauna.

"The marine park should exclude an area (whose precise limits will need to be defined) encompassing
Broome Harbour.

"The Working Group suggests that the boundaries could be from the north side of Cantheaume Point to
Cape Villaret and from High Water Mark to the limit of the Territorial Sea but further study and discussion
will be needed on this aspect.

"(b) That foreshore areas not already reserved behind High Water Level adjacent to the central and southern
parts ofthe park, should be added to the marine park by reservation under the Land Act. This action is
pivotal for successful integrated management. The shoreward boundaries of this proposed reserve have not
been fully determined but they should encompass those coastal areas of pastoral leases which are an
integral part ofthe drainage and geomorphological systems ofthe coast."

2. Logmnge Rag

"That there be further study of the flora, fauna and habitats of the coastal waters, tidal creeks and supra
tidal flats between Cape Latouche Treville and Cape Bossut including Lagrange Bay, and an assessment
made of the present commercial and recreational uses of these areas, with a view to the selection of the
most suitable sections for reservation for the purposes of public recreation and protection of flora and
fauna""
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3.3. Eighty Mile Beach (Map lll-3)

Eighty Mile Beach is the 220 km stretch of coast between Cape Missiessy and Cape Keraudren.

Tenure
The beach, the intertidal flats between low and high tide levels, and a 40 metre strip ofland above
high tide level have the status of vacant Crown Land. For the most part, the hinterland is pastoral
lease (Anna Plains, Mandora, Wallal Downs) but there is a small reserve for public recreation at
Wallal.

In recognition of its importance as habitnt for migratory shorebirds the beach from cape Missiessy to
Cape Kenudren, including the 40 metre strip above high tide level, is part of an area designated
under the RAMSAR Convention as a Wetland of Intemational Importance. On that account the State
has obligations to provide adequate protection for its conservation values.

An area of coastal waters offshore in the southem portion is covered by petroleum Exploration
Permit WA-233-P.

Cmmorphologg
Eighty Mile Beach is an almost continuous, gently curving beach representing a current phase of
marine trdnsgression over the low-lfng and flat plains of the Canning Basin.

The beach is, on average, about 100 m wide, with a moderate slope to muddy tidal sand flats. It
consists ofwhite siliceous sand. Although nearly continuous, there are a few small muddy bays with
sparse mangroves (mainly Auicennia). The tidal flats are very wide, extending seaward up to several
kilometres in places. They are largely unvegetated except at the outer edge exposed at extreme low
tide where there is moderdte growth of algae, sponges and soft corals.

Behind the beach there are lor,rr sand dunes vegetated with Crotolaria and Spinifex.

Marine flom orul fauna
The beach itself is an unusual and spectacular geomorphic feature and worthy ofprotection for that
reason.

There have been no systematic studies ofthe intertidal flora and fauna along the shores of the Eighty
Mile Beach. Cursory examination of beach drift and information obtained from local peopte and streit
collectors suggest that the tidal flats and shallows beyond support a rich community of invertebrates.

The most significant conservation value of this area is its importance as habitat for migratory
shorebirds. Its status as a RAMSAR "\Metland of International Importance" has been noied above.

Studies over the past decade by the Royal Australasian ornithologists union (RAou) have shown that
Eighty Mile Beach is one ofthe three outstanding shorebird sites in Australia. (The others being
Roebuck Bay and a section of the Gulfof carpentaria in Queensland.) on arrival from their norihern
hemisphere breeding grounds, the migratory birds spread out to feed over the exposed sand and mud
flats at low tide but concentrate in immense flocks on the narrow beach slopes and cays at high tide.
Some species also use the mangals themselves and the supratidal samphire flats behind.

Under the RAMSAR Convention, sites are defined as having ,,national importance,,for the
cons€rvation of a bird species if they hold more than 1% of the Australian population of that species.
On this definition Eighty Mile Beach has national importance for 19 shoretiid species. Aerial iurveys
of Eighty Mile Beach have recorded up to 332 500 birds present at one time. Distribution ofbirds
along the Eighty Mile Beach is not uniform. Approximately g0% of the birds concentrate in the
north€rn section between cape Missiessy and wallal. Ground counh have found concentrations of up
to 140 000 birds in the 15 km section south ofAnna plains. There is a sharp decline in the number of
birds south of a small area of mangal near Wallal.
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Reffeotion
For the most part the shore along this section of the coast is inaccessible although there are station
tracls to the beach in several places and a public road into a caravan park at Wallal. Public use of the
beach is very limited. The wide tidal flats fronting it and the low sand dunes behind do not make it an
attractive place for fishing, swimming, diving or other traditional beach activities. Shell collecting
and beachcombing are perhaps the most common activities, apart from simply enjoying the spectacle
of the long beach. Most visitors come for short day or overnight visits - usually as a stop-over during
journeys north or south along the highway.

Preoiou s recomm enda tions
Most of the information on the significance of this area for shorebird conservation has become
available only recently. Neither the EPA in its 1975 report on System 12, nor the report by Burbidge
et al. (1997\ made any recommendations in respect ofEighty Mile Beach.

Work ing Croup recom mendations

"1, While noting that the whole of Eighty Mile Beach receives environmental recognition as a RAMSAR
Wetland of International Importance, the Working Group recommends that a section be reserved for the
protection of marine flora and fauna and the habitat of migratory shorebirds. The area reserved should
include the tidal flats and the 40 metre strip of land above high tide level, ie. it should extend at least from
low tide level to the boundary of the adjacent pastoral leases.

"2. The Working Croup recommends that consideration should also be given to the reservation of an area of
coastal waters seaward of low tide level, preferably to the limit of State waters, as a buffer to the beach
reserve.

"3. Noting that the RAOU study ofEighty Mile Beach is not yet complete, the Working Croup recommends
that a decision on which section should be reserved should be deferred until it is possible to accurat€ly
identify the areas of most importance to migratory shorebirds, although preliminary indications are that it
should be a section in the vicinity ofAnna Plains."

3.4. Keraudren (Map III-a)

The eastern Pilbara coast, from Cape Keraudren westwards to Port Hedland, sees an abrupt change of
coastal geomorphology and marine habitats. There are two small offshore islands. North Turtle Island
lies about 20 km off the coast north-west of Larrey Point. Bedout Island is a small mid-shelf island
about 40 km north of Poissonnier Point.

Tmure
The hinterland of this section of coast is pastoral lease, with a 40 metre strip of vacant Crown Land
between the boundary of the leases and the high tide level. North Turtle Island and Bedout Island ane
CIass A Nature Reserves.

Gmmorphologg
At the western end of the Eighty Mile Beach, a littie east of Cape Keraudren, there is an abrupt
change of coastal tlpe. The shores become rocky with small beaches and several major bays.

Immediately west of the Cape there is a dune/ridge barred bay complex, classified as coastal type 2,
characterised by a dune/ridge bar. This is the most westerly example of this coastal type. It contains a
well developed mangal behind the dune ridge. To the west of the bay there is a stretch of low coast
with rocky headlands and narrow sandy beaches, interrupted in several places by small tidal creeks
(eg. Pardoo Creek) each with mangal development.

Near the western end of the sector is the mouth of the De Grey Rivey with its delta. The De Grey
enters the sea at Breaker Inlet between Poissonnier Point and Larrey Point. In this vicinity there are
very extensive mud and sand bank associated with the ver delta.

The waters adjacent to this sector are turbid and gently shelving. Bedout and North Turtle Islands are
both small rocky islands surrounded by shallow reefs.
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Itarine llom ond fauno
The mangal behind the dune ridge west of cape Keraudren has a closed forestof Rhizophora, olten

with an understorey of Aegialitis, along the seaward z one. Auicennia and scattered, Bruguiera and

Cefiops gr('$t alongthe sides of the drainage creek. Thick ets of Ceriops and Rhizophora border the
innei margins of the mangals where wide supntidal mudflats and samphire flats begin. Wthin
Breaker Inlet and along the bank of the mouth of the De Grey River there are mangroves, almost
exclusively AuicutnLa, which are low and sparse, and frequently inteYrupted by bare mud flats. A few

stJJnted Rhimphora occur at the Yiver mouth.

There has been no survey of the marine flora or fauna of this shore. It is possible only to speculate
ihat the biota is likely to be typical ofthe coastal flora and fauna ofthe region, differing only in
community structure according to the somewhat different coastal geomorphology.

The Saltwater Crocodile appears to have been establishing itselfin the estuaries ofthis coast in
recent years.

North Turtle Island is an important nesting site for the Australian Pelican (Pelecanus conspicillatusl,
Pied Cormorant (P[ alacrocorax uaius) and White-bellied Sea-Eagle (Haliaeetus leucogaster). There
is no available information on the marine flora and fauna and habitats of the waters surrounding the
island.

Bedout Island is a very important sea bird nesting site for the Brown Booby (Sula leucogaster\,
Common Noddy (Anous stolidus), Crested Tern (Stema bergii),Lesser Crested Tern (Sle,'na
batgalensis),Lesser Frigate-bird (Fregata ariel),Masked Booby (Sula dactglactra), Roseate Tern
(stema dougalii), Silver Gull (larus n ouaehollandiae) and Sooty Tern (stema fuscata). There is no
available information on the marine flora and fauna and habitats of the surrounding waters.

Preuiou s rccommenda tions
There are no previous recommendations for marine resewes in this area.

The EPA 1975 System 8 repod recommended that Bedout Island and North Turtle Island be declared
Class A reserves {or the consewation offlora and fauna.

The EPA report also recommended that biological and sedimentological surveys be carried out on
tidal and supratidal flats in the coastal waters of the Pilbara coast as far east as cape Keraudren, and
that any further development which might cause destruction of manSiroves be subject to approval by
and under the supervision of the EPA. The latter recommendation would include the mangals and
intertidal flats of this sector.

Working Gmup Recommendations

"1. That there be a survey of the marine habitats and flora and fauna of the mainland coast between Cape
Keraudren and Spit Point, with special attention given to the mangals and sand/mud flats, and that an
a5sessment be made of their regional significance with a view to selecting the most diverse and
representative area for consideration as a marine reserve.

"2. The Working Croup endorses the EPA recommendations for the declaration of North Tuftle Island as a
Class A reserve for the conservation of flora and fauna and recommends that the waters suffounding the
island, from the Low Tide Mark to the limit of State waters, be also reserved fot protection of seabirds,
turtles and their habitats, and marine flora and fauna generally.

"3. The Working Group endorses the EPA recommendations for the declaration ofBedout Island as a Class A
reserve for the conservation of flora and fauna and recommends that the waters surrounding the island,
from Low Tide Mark to the limit of State waters, be also reserved for the protection of seabirds and marine
flora and fauna generally."
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3.5. Depuch (Map lll-5)

The coast between cape Thouin and cape Lambert is complex, consisting mainly of mangal butwith
several low rocky headlands and beach sections. There are many small nearshore islands and, near
the centre ofthe sector, the large rocky island known as Depuch.

Gumorphologg ond flom ond fauno
This is a section ofthe Pilbara coastwhich needs to be surveyed before considention is given to
selection of representative areas as candidates for reservation.

It is clear from inspection ofaerial photographs that the mangals of this coast are very extensive and
diverse, and that they differ structurally in many respects from those to the east and west. Several of
the rivers that enter the sea along this coast have active deltas, classified in Section 1.1.2. as coastal
type 3. The extensive mangal system at the mouth of the Yule River is a good example. However, the
Working Group was not able to obtain detailed information about the habitats or community
composition of the mangals in this sector and was not able to make any comparison of them for the
purpose of selecting representntive areas for reservation. Nor was any information available on the
nearshore benthic flora and fauna

Nevertheless, one small beach area near the north-eastern end ofthe sector, known as cowrie Beach,
is an important turtle-nesting site and consideration was given to its potential as a reserve for
conservation offlora and fauna.

3.5.1. Cowrie Beach
Cowrie Beach, south west of Cape Thouin and about 140 km east of Karratha, is a popular site for
recreational use and one of the few WA nesting sites of the threatened Flatback Turtle (Nalo,"
depressus). Throtgh cooperation between the Port Hedland Shire and the Department of
Conservation and Land Management, special management provisions have been made to protect the
turtles and their nesting habitat during the nesting season. However, a more formal arrangiement is
needed to ensure that the site is adequately protected in perpetuity.

Tenure
The hinterland is part of Mundabullangana pastoral lease which has its seaward boundary at 40 m
above High Water Mark. The 40 m strip between the boundary and High Water Mark is Vacant Crown
Land. There is a small (20.25 ha.) Commonwealth lease on the flats adjacent to Cowrie Beach which
is the site of a Transport DECCA station with two aerials and associated buildings. A much-used trig
point (Thouin R 131) is situated behind West Cowrie Beach.

Gmmorphologg
Cowrie Beach extends from the mouth of the creek to a limestone shore ridge some 3.3 km to the
west. Beyond the limestone ridge there is a separate 400 m stretch ofbeach known as West Cowrie
Beach terminated by a mangrove-covered rocky point separating the Cowrie Beach complex from
Munda Beach.

The beach deposits are ofHolocene origin, fronted by an oolitic limestone pavement and backed by
Holocene dunes, the oldest at a height of over 10 m. The primary dunes are vegetate d by Spinifex
longifolius.

Cowrie Creek is a discrete mangal unit with a deep tidal creek receiving flood waters from the Yule
River. At the sea\rard edge of the creeks, on mudbank and muddy islands, are mature closed forests
of Rhizophora and Aaicennia with an und,erstorey of Aegiaft|r. The smaller creek are vegetated with
Auicennia forest of thick-trunked trees to a height of 5 m, backed by whipsti ck Auicennia. There are
some Ceflops on the landward side.

Marine floro and fauna
The Flatback Turtle is a threatened species under the State Wldlife Conservation Act and is endemic
to northern Australia. The species nests on beaches at a number of localities from Yeppoon,
Queensland to the North West Shelf. In Western Australia known major nesting sites ofthe species
are at Helpman Island, the Lacepede Islands and Cape Domett in the Kimberley, and Rosemary,
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Hauy, Varanus and Barrow Islands and Cowrie Beach in the Pilbara. There is also low density nesting
on mainland beaches ofthe Pilbara at Eighty Mile Beach, Cemetery Beach, Cape Thouin, Cleaverville
and Wckham.

The Cowrie Beach rookery is one of the largest for this species in this State. Data collected by CALM
officers durinE the 1988/89, 1989/90 and 1990/91 seasons indicate that several hundred females lay
their eEEis at this site annually.

The Working Group notes that Cowrie Creek itself has high conservation value in that it represents a
tlpe of mangal system characteristic of the Pilbara coast. There would be merit in includingi it within
the proposed reserve for this reason.

Recteational use
Recreational use of Cowrie Beach is heary, the site being only t hour's drive from Port Hedland and
accessible by 2WD vehicles. Recreation includes camping, boating (there is a
serviceable boat ramp at Cowrie Creek), fishing, off-road driving, and turtle-watching. As many as 80
people have been observed on Cowrie Beach at one time. Visitors camp on the limestone ridge, at
Cowrie Creek and on the beach itself.

This is the only major turtle rookery on the mainland Pilbara coast and it offers opportunities for
educational viewing including commercial tourism. Such use is already occurring. Special
management will be needed to ensure that viewing does not adversely affect the breeding success of
these animals.

Monogement issues
Clearly Cowrie Beach is an important area deserving protection and special management. There are
sevenl mana€iement issues. Off-yoad vehicles usin! the beach itself and the primary dunes have
damaged vegetation and may be having a significant impact on egg clutch and hatchling survival.
Noise and light from camps and poor public viewing procedures have been observed to have
detrimental effects on adult turtle and hatchling behaviour. There is predation by foxes, varanid
lizards, birds and crabs. The capacity ofthe turtle population to sustain predation is not known.

Preuious R ecomm enla t ions
There are no previous recommendations for marine r€serves in this sector.

As mentioned in Section 3.4, the EPA 1975 System 8 report recommended that biological and
sedimentological surveys be carried out on tidal and supratidal flats in the coastal waters of the
Pilbara coast as far east as Cape Keraudren, and that any further development which might cause
destruction of mangroves be subject to approval by and under the supervision ofthe EpA. These
yecommendations would include the mangals and intertidal flats of this sector.

Work i n g Group Recommenda tiotts
In view ofthe lack of information about the marine flora and fauna of the mangals and nearshore
waters ofthe coast in the Depuch sector, the Working Group has not been able to recommend any
particular areas for reservation which would represent coastal tlpe 3 and these habitat types within
the region. Further photo-interpretation work and field surveys are needed before this is possible.

Cowrie Beach is a special case. The Working Group considers that reservation of the beach and
hinterland is urgently needed to support protection of the very important Flatback rurfle rookery.
Not much would be gain€d by including the waters in front of the beach within the reserve. However,
there is good reason for including the tidal waters of cowrie creek which is a small but significant,
self-contained mangal unit.

Declaration of the coastal lands as a CALM Act marine nature yeserve or Land Act nature reserve
would have the disadvantage that recreational fishing and camping could not be permitted. There
would be procedunl advantages, however, in declaring the intertidal zone and the 40 m strip as
marine park under the CALM Act or the Land Act, thus allowing recreational fishing to continue,
subject to careful management to avoid interference with the turtle breeding activiiies.
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Accordingly the Working Group recommends that:

"1. That a survey should be caffied out of the mangal and nearshore marine habitats of the coast between
Cape Thouin and Cape Lambert so that one or more parts of it may selected for reservation to represent
coastal type 3 and protect nearshore marine and mangal habitats and their flora and fauna-

"2. That the stretch of shore of Cowrie Beach and West Cowrie Beach, extending from the boundary of the
adjacent pastoral lease to the Low Tide Mark, but including the tidal waters of Cowrie Creek, be reserved for
the purpose of public recreation and protection of flora and fauna.

"3. That the br€eding success of the Flatback Turtles at this site be monitored and any necessary steps be
taken to ensure that predation of the adults and young and other forms of disturbance are kept to a
min imum."

3.6. Dampier Archipelago (Map lll-6)

The Dampier Archipelago is one ofthe major features of the Pilbara coast. It is close to several
imporLant ports and the regional centre of Karratha. Its environment, flora and fauna, both marine
and terrestrial, have considerable regional significance and are subject to increasing human impact.

Tmure
Most of the islands of the Dampier Archipelago are reserves vested in the NPNCA, and are under the
management of the Department of Conservation and Land Management. Exceptions are the
Intercourse Islands and Legendre Island. At the time ofpreparation of this report, most of the island
reserves are nature reserves while some are recreation reserves. A recent Management Plan (Dampier
Archipelago Nature Reserv€s Management Plan 1990-2000, Department of Conservation and Land
Management, approved 6 June, 1990) contains a recommendation that all the island reserves should
be declared national park. A separate management plan is being prepared for the Burrup Peninsula.

Ceomorphologg
The Dampier Archipelago is an inundated landmass now comprising islands, rocky reefs, coral reefs
and shoals rising from a sublittonl plain of 5-20 m depth (Semeniuk et a\.,1982)r. The Archipelago
represents coastal t),pe 9, that is ria/archipelago coast (Section 1.1.2). Pfior to inundation about
6 000-8 000 years ago, the coastline ran around the periphery of the area that is now the archipelago.
The position of the previous shore is represented today by a steep slope to the 30m contour around
the archipelago close to the outer shores of the outer islands. These outer islands are the remnants of
consolidated limestone ridges formed along the previous coastline.

The climate of this region is semi-arid r/vith an average annual rainfall of 315 mm, and is subject to
periodic cyclonic storms. There are no major rivers entering the sea in the immediate vicinity. Mean
spring tidal range is 5.6 m and there are strong tidal currents among the islands. The near-shore
waters are usually turbid while in the outer Archipelago the water may be moderately clear. There is
often a very distinct boundary between the turbid inner and clear outer water.

The majority of the islands in the Archipelago consist ofArchaean metasedimentary and igneous
rock of the Fortescue Group, often with Holocene shelly sand plains (Kreiwaldt, 1964). In landform
they resemble the adjacent mainland with low, rounded hills formed by rock piles and rugged cliffs.
Some of them have moderate elevation. Outer islands, including Delambre, Hauy, Legendre,
Brigadier and Kendrew (Wlson & Marsh, 1974) are low Iimestone islands of Pleistocene or Holocene
origin, usually with low, undercut sea cliffs and superficial sand dunes and beaches.

llarine flom and faunt
There has been a modente amount of research on the marine fauna and habitats of the Dampier
Archipelago. The WA Museum carried out a survey of Crown-of-thorns Starfish on the coral ree{s off
Kendrew Island during the years 1972 to 7974 (Wlson, 1972; Wlson & Marsh, 1974). This study
included preparation offaunal lists ofthe fishes, corals and other marine animals ofthe Archipelago,
was extended by additional survey work in 1978, and culminated in an unpublished report on the
marine fauna and flora of the Dampier Archipelago. Further work on the Crown-of-thorns r,vas done
in subsequent years by the Department of Conservation & Environment (Simpson & Grey, 1989), the
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Department of Conservation & Land Management (Wlson & Stoddart, 1988). and the Australian
Institute of Marine Science (Johnson & Stoddart, 1988). This coral predator appears to be present in
large numbers on coral reefs in the Archipelago, at least episodically, and at such times does
considerable damage to the coral communities.

During the period 1981 to 1986, the Department of Consewation & Environment conducted and
supported extensive surveys of the marine fauna and habitats in the Archipelago, especially with
respect to indnstrial developments thele and the potential for pollution. A number ofpublications
resulted from this work which form a useful basis for marine environmental management and
planning. Chittleborough (1983) published a progress report detailing the objectives of the study.
Semeniuk el a/. (1982) described the marine environments of the Archipelago including a detailed
description ofthe main biotic assemblages. Paling (1986) classified a number ofreefsites into broad
groups using numerical techniques. Simpson (1988) published a comprehensive report on the
ecology of scleractinian corals in the Archipelago. Blaber af ai. (1985) described the community
structure and zoogeographic affinities of coastal fishes of the Dampier region. Mills & Pitt (1985) and
Nlills et al. (1986)published data on tidal dynamics and currents.

Marine habitats in the Archipelago are extremely varied, as might be expected with such varied land
and seascapes. The seabed within the Archipelago is mainly of mud and fine sand. This substrate
supports an extremely rich and diverse benthos. Many shallow bays have wide muddy sand flats uhich
also support rich burrowing faunas. Seagrass beds are not well developed.

AII of the islands are sparsely vegetated but some of them support relict populations of plants and
animals representative ofthe mainland biota, and accordingly have very high conservation values .
There are also very important rock art sites on several of the rock pile islands and on the Burrup
Peninsula. Several of the beaches are important turtle nesting sites and some of the small, outer
islands and rocks support large seabird colonies.

On the eastern side of the Archipelago, Nickol Bay represents a very different type of habitat. The
western shore of the Bay, that is the eastern side of the Burrup Peninsula, is rocky with small bays
and beaches and a few fringing mangals, comparable to the shores ofthe western side of the
Peninsula and some of the inner islands of the Archipelago. In contrast, the southern and south-
eastern shores are characterised by wide mudflats and extensive growth of mangroves. The Bay itself
is shallow and has a muddy bottom.

The mainland coast west of the Archipelago, that is west of West Intercourse Island, is classified as
tlpe 1l in Section 1.1.2. It is dominated by mangal habitat, mainly of the tidal creek, spiVchenier,
and alluvial fan xsemblages (see Part I, Section 3.7.7.). Particularly notable is the mangal on the
delta of the Maitland River. The mangals are fronted by mud flats. and the shallow, muddy waters of
Regnard Bay. A large portion ofthe mangal between Dampier and West Intercourse Island has been
destroyed for the establishment of salt ponds.

There are also small mangals fringing sheltered bays ofsome ofthe inner islands, most notably in
Flying Foam Passage and the southern bays of Enderby Island. These mangals are of the muddy tidal
flat, sandy tidal flat, beach and rocky shore assemblages of the fia-archipelago coastal type (see
Section 1.7.7 of Part 1). They contain the mangrove species Auicennia marina, Rhizophora stglosa,
Ceriops tagal, Aegialitis annulata, Bruguiera escarktata and Aegiceras corniculata.

Corals and Coral Reefs
The Archipelago has a diverse coral fauna with 216 species of 57 hermatypic coral genera being
recorded (Veron & Marsh, 1988). Many ofthese species range from inshore to offshore habitats
within the Archipelago, but a small suite of species is confined to the turbid inshore waters and
others are found only on the outer reefs (Marsh, 1978; Paling, 1986).

In the inshore waters of the Archipelago corals grow prolifically on the sublittoral rock slopes. Some
of the highest coral species diversity has been recorded in this habitat type, for example on the slopes
around Conzinc I. However, these conls do not form coral reefs in the strict sense. The best coral
reef development occurs on the seaward slopes of the outer Archipelago, such as those u,est and east
of Delambre L, at Hamersley Shoal south west of Legendre I., on Sailfish Reef north west of
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Rosemary I-, on the seaward side of Kendrew I., and on the north-west side of Enderby I. These coral
reefs exhibit typical fringing reefform with a coral-rich, reef-front slope dissected by deep spurs and
grooves, a reef edge zone with a reefflat behind and, in places, a shallow back-reef and lagoon.

These coral reefs of the Dampier Archipelago are a significant feature of the Pilbara coastal marine
environment. They support communities of fishes and invertebrates that are comparable in diversity
to those of other parts of the Indo-Pacific coral province and share many species in common with
them. However, because of the peculiarities of the Archipelago's geomorphology and biogeognphical
history, community structure and faunal composition ofthese reefs is unique.

Soft Substrates
Another feature of the Archipelago's marine environment is the rich soft-substrate benthic
invertebnte fauna. This is especially evident on the intertidal flats which occur throughout the
Archipelago. These range from muddy flats associated with the mainland mangals to the clean,
coarse-grained sand flats and cays more common in the outer areas. Although there has been no
published account of this element of the marine fauna it is well known that it is exceotionallv rich in
specles.

Ofparticular interest among the molluscs, for example, are 5 regionally endemic species ofthe
volutid gastropod genus Amoria. These beautiful animals are greatly sought after by the specimen
shell trade. They were once moderately common on the intertidal sand flats in the Archipelago but
have been heavily over-collected throughout the region. They are vulnerable to local extinction
because of their lack of a pelagic larval stage.

Recrution
There is extensive recreational use of the waters ofthe Archipelago by local people from the nearby
towns of Dampier, Karratha, Wckham and Roebourne. Recreational fishing, diving and shell-
collecting are populay activities. Most households in the district own a small boat capable of
travelling among the islands. Of all the islands of the Pilbara coast these have the greateit potential
for tourism.

Preoiou s rccomme nda tio ns
The Dampier Archipelago Islands Management Plan approved in 1990 contains a recommendation
that waters of the Archipelago should be declared marine park but boundaries were not suggested.

Wo*ing Group recommendations
The Working Group had no difficulty in agreeing that the waters of the Dampier Archipelago warrant
reservation but the determination ofboundaries for such a reserve was problematical. There is
potential for pollution of the waters in the vicinity of the industrial and harbour facilities of Dampier
and the western side of the Burrup Peninsula and in the shipping lane which bisects the Archipelago
through Mermaid Sound, and potential for conflict between management objectives ofthe port-
industrial developments and conservation.

For theJe reasons the Working Group concluded that a Dampier Archipelago marine reserve should
exclude the inner portion of Mermaid Sound and the functional area of the Port of Dampier. The park
would then comprise two primary sectors, connected on the northern side. The western part would
encompass Rosemary, Malus, Enderby, Eaglehawk, West Lewis and the western and northern shores
of East Lewis Islands. The eastern part would include the northern tip of the Burrup Peninsula,
Conzinc, Dolphin, Angel and Gidley lslands, the island complex and waters north of Gidley L,
Hamersley Shoal, and Legendre, Hauy and Delambre Islands. The Working Croup considers that the
waters of Nickol Bay are not an integral part of the Archipelago ecosystem and does not propose that
they should be included in the resewe, except for the area across the top between Dolphin, Hauy and
Delambre Islands.

The Working Group considers that the area proposed to be included in the reserve, while avoiding the
principal shipping lanes and industrial areas, adequately represents the coral reef, mangal and sand
and mudflat habitats of particular importance in the Archipelago, and that it provides good buffers
for the turtle and seabird nesting sites on the islands. It also contains the most important
recreational areas worthy of management and long term preservation.
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The suggested boundaries are straight lines between easily identifiable points in the seascape
wherever possible. In the case of the eastern sector, a suitable western boundary for management
purposes could be the eastern limit of the prohibited anchorage are4 between Conzinc Island and the
western tip of Hamersley Shoal, where the gas pipeline is laid. This would include the important
coral communities on the rock slopes of Conzinc and other small islands.

Accordingly the Working Group recommends that:

",..the waters of the Dampier Archip€lago, excluding the Port of Dampier, be reserved for the purposes of
public recr€ation and protection of flora and faun4 and that the seaward boundary should be the limit of
the State Territorial Sea."

3.7. Cape Preston (Map lll-7)

This part of the report focuses on a short stretch of coast between Gnoorea Point and the delta of the
Fortescue River and an area of adjacent nearshore waters.

Tenure
The hinterland of this sector comprises the Mardie, Balmoral and Karratha pastoral leases ofwhich
the seaward boundary is 40m from Higih Water Mark. The strip between High Water and the lease
boundaries is currently Vacant Crown Land. A fishing shack lease of about 100 ha. (De Witt Location
184) is present on Preston Island. A Public Purpose Reserve (of 258.9 ha.) number 380, for a landing
and rock well, is present at the mouth of the Fortescue River.

Offshore, North Regnard, South West Regnard and Carey Islands are part of a Class A Nature Reserve
bearing the number 33831.

Gmmorphologry
Excellent examples oftwo ofthe distinctive coastal types listed in Section 1.1.2 ofthis Part are
represented in the are4 ie. a chenier coast (coastal type 10) east of Cape Preston and an inactive delta
(coastal tlpe 4) at the mouth of the Fortescue River, each with its characteristic complex of mangal
types and assemblages. The Fortescue inactive delta is one of two deltas of this type on the Pilbara
coast (the other being the delta of the Robe River). There are also supra-tidal salt flats, sand islands,
yock pavements, bar systems, and extensive sandflat habitats.

Cape Preston is a low, rocky headland at the northern tip ofPreston Island. The island is separated
from the mainland only by tidal creeks. It is flanked on iti western and eastern sides by extensive
intertidal muddy sandflats. Preston Spit is a flat rock platform at just above extreme low tide level,
extending more than a kilometre westward from Preston Island.

Offshore, Fortescue Road crosses the north-west corner of the area under consideration and ranges in
depth from 8 to 15 m. In Regnard Bay and south-west of the Preston Spit the sea-bed is sballow,
mainly less than 2 m, and there are many emergent rocks and banks constituting foul ground. Wind
generated waves of short fetch prevail, from the SE/NE in winter and SWNW in summer. Tidal range
is from 3.8 m (M[IWS) to 0.2 m (MLWS), the water is turbid and the substrate muddy.

Intertidal mudflats dominate the shore in most areas. There are sandy beaches on the eastern and
western sides of Preston Island which also has a wind driven linear dune system on its west side.
Rock, mud and sand flats connect Preston Island, Carey Island and others to the mainland at low
tide. Point bars and shoals form part of the tidal creek system.

Intertidal and sublittoral rock pavements (of both igneous and sedimentary origin) flank Preston
Island and Gnoorea Point and extend from Cape Preston to North East Regnard Island (the Regnard
Pavement). In some areas the subtidal pavements support macroalgal and coral communities.
Extensive sand sheets cover much of the Regnard Pavement, including that part west of Cape preston
where they cover much of the rock platform comprising the preston Spit.
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Marine flora and fauna
One of the low coastal islands, North East Regnard, is a significant rookery of the Wedge-tailed
Shearwater.

The muddy rock pavements, sand and mud flats of the shore in this region support a range of
community tlDes and a very rich flora and fauna which is chancteristic of the coastal waters of the
Pilbara, including the suite of regionally endemic species referred to in Section 1.2. In spite of the
muddiness of the water, there is an abundant and diverse fauna of corals in the sublittoral zone. The
corals do not form coral reefs in the strict sense but grow, together with sponges, soft corals and
green algae, wherever there are rocky substrates. The fringe ofthis diverse community is exposed
along the flanks of the Preston Spit (and probably elsewhere in the region) at extreme low tide.

Extensive mangals are developed on the Fortescue delta, in an embayment east of James point where
Yagabiddy Creek enters, in an embayment immediately south of Cape preston, and east of Cape
Preston. These mangals represent a variety of the assemblages characteristic of the chenier and
inactive delta coastal types. They occupy an area of approximately 5 800 ha. In addition, isolated and
small groups of mangrove trees, mainly Auicennia marina, colonise the upper intertidal zone of the
mudflats along most of the shore. Extensive supratidal cheniers are developed on the seaward side of
the mangal east of Cape Preston. Behind all of the major mangals there are wide supratidal flats,
much of them covered by algal mats. Over 50 sand islands, ranging in size from l0,s ofsquare metres
to 10's of hectares, occur on the supratidal flats. Wth such geomorphological variety it is not
surprising that many different types of mangal assemblage are present and both floral and faunal
communities are species-rich.

In summary, the shores of the area under consideration contain a wide range of the habitats
representative of the West Pilbara coast, including the best examples of the chenier and inactive delta
coastal types, and there is a corresponding species-rich flora and fauna.

Rec:reational and commercial use
There is recreational use of some parts of the area but much of it remains pristine. There is a boat
ramp at the mouth of the Fortescue River used by recreational fishers to gain access to many of the
mangrove creeks in that vicinity. Camping occurs at Cnoorea Point. Access to the central area in the
vicinity of Preston Island is by means of disused station tracks and that area is rarely visited.

A semi-permanent camp established on Preston Island is used for operation ofa radio positioning
station relating to offshore petroleum exploration. A fishing camp on Preston Island is no longer
used.

The waters of the area are within Zone 1 of the Pilbara Fish Trawl Fishery, the Pilbara Trap Fishery,
and Zone 3 of the Onslow Prawn Fishery. The Working Group considers that it would be appropriate
to use the inner (shoreward) boundary of these designated fishery areas as the seaward boundary of
any reserve so that the reserve would not include any commercial operations.

Prc u iou s recomm e nda tiotts
The EPA (1975, System 8, rec. 8.7) recommended a biological and sedimentological survey of this
area in the context of its contribution to the supply of nutrients to the adjacent marine ecosystem.
The survey has not been carried out although since 1975 some further information has become
available.

Working Croup recommenda tions
The mangals, muddy intertidal flats and extensive shallows east and west of Cape Preston are species-
rich and undoubtedly contribute significantly to the energy budget of the coastal waters in the
region. The varied marine habitats are diverse and represent the mainland coast of the centnl
Pilbara, especially coastal type 10, so that the area is an excellent candidate for setting aside as a
marine conservation reserve.

The area considered here is close to the eastern part of Regnard Bay which is suggested for inclusion
within the proposed Dampier Archipelago marine park (Section 3.6 - see Map III-6). A case can be
made for a single marine reserye extending from the Archipelago to Cape Preston and encompassing
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all the waters ofRegnard Bay, combining within the one reserve major examples of coastal types 9
and 10. For this reason the recommendations of this Section should be consi dered together with
those for Section 3.6.

After some consideration the Working Group decided not to propose inclusion of the Fortescue
inactive delta in the proposed marine reserve. This coastal type is repeated further south in the Robe
River delta (Section 3.8). However, if the boundaries of the marine park proposed within that sector
do not include the Robe delta, inclusion,of the Fortescue delta within the proposed marine reserve at
Cape Preston should be reconsidered.

Accordingly the Working Group recommends:

"1. That the section of coastal waters between Gnoorea Point and tam€s Point, encompassing South West
Regnard Island, Preston Island, Preston Spit and Carey Island, be considered for reservation for the
puruoses of protection of mangal habitat, prawn and fish nursery areai, tu le nesting and feeding ar€as,
and marine flora and fauna generally.

'Altenativ€ly, consideration could be given to extension of the proposed Dampier Archipelago Marine Park
(Section 3.6) westwards to encompass all thewaters ofRegnard Bay and North Regnard, South West
Regnard, Preston and Carey Islands.

"Extension w€stwards to include the inactive delta of the Fortescue River should be considered if the
inactive delta of th€ Robe River is not included in the reserve of the Robe-Cane sector.

"2. That the 40m strip of vacant Crown Land between High Water Mark and the boundary of th€ adjacent
pa:toral leases be added to the Marine Park by reservation under the Land Act.,,

3.8. Robe (Map lll-8)

This sector covers the coast between the mouths of the Fortescue and Ashburton Rivers and includes
the coastal town of Onslow.

Tenure
The hinterland is pastoral lease with the boundary 40 m above High Tide Mark. The position of the
boundary is difticult to determine.

The islands are incorponted into a single Class A Nature Reserve which bears the number 33831.

The northern inshore part ofthe sector is covered by Petroleum Exploration permit Ep13Z R2 and
the offshore part by Petroleum Exploration Permit EP341. The southern inshore part of the sector is
covered by Petroleum Exploration Permit EP110 R3 and the offshore part by permits Ep36Z and
EP357.

Gumorphologg
This section of the coast and coastal waters contain quite different nearshore and onshore units. The
outer portion, ie. the nearshore sublittoral shelf, is shallow with muddy substrates and numerous
small, low limestone islands. This nearshore shelf-island unit continues north and south bevond the
limits of the sector. The onshore unit comprises the coastline.

The coastline contains representatives of4 of the distinctive coastal types listed in Section 1.1.2, that
is inactive delta (coastal type 4), inactive delta with barrier islands (coastal type 5), barrier limestone
coasts (coastal tlpe 6) and eroded barrierwith bays (coastal ttpe Z).

As noted in section 3.7, there are two examples of inactive delta on the pilbara coast, the deltas of
the Robe and Fortescue Rivers, the former being \,vithin this sector.

AJeature ofthe geomorphology ofthe mainland shore ofthis sector is the development oflow barrier
islands seaward ofthe mangals (coastal types 5, 6 and Z). These shoreJine gpes ire not well
developed elsewhere in the Pilbara. The limestone pavements along the seaward side of the barrier
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islands are of special interest geomorphologically and create the conditions for the development of
the particular mangal tlpes which characterise this section ofthe coast.

In addition to its varied coastal geomorphology, this sector contains perhaps the most diverse
mangals on the Pilbara coast. One stretch of over 75 km of the shore, on either side of the delta of
the Robe River, is dominated by mangal habitat. It is structurally diverse and isolated from the
mangals of the Fortescue Delta to the north and the Exmouth Gulf complex to the south.

In addition, this sector includes an important segment ofthe nearshore shelf-island sptem gpical of
the inner Rowley Shelfwest of Dampier. There are many small, low islands close to the mainland
shore which frequently have fringing mangals of the muddy tidal flat type and intertidal mud flats
around them. Intertidal mudflats and rock pavements are particularly well developed around the
Mary Anne Group of islands.

Marine floro ond fauno
There have been no systematic surveys of the marine habitats, flora or fauna of this sector although
V. Semeniuk and D. Walker (pers. comm. July, 1992) have examined the mangal and coastal
geomorphology and seagrass communities in some detail.

The main significance of the marine environment of this sector is the diversity of coastal
geomorphology and tlpe of mangal development, and the importance of the mangals as a source of
nutrients for the adjacent marine ecosystem and as a nursery area for fisheries.

Johnstone (1990) recorded brief notes on the mangal at the mouth of the Cane River. Near the
mouth of the river on its north side there is a Rhizopftora forest to a height of 8 m, backed by tall,
mature Auicennia forest and woodland. Further upstream on the northern bankthe Rhizophora trees
are not so tall and often mixed.wilh Auicennia. Some Caiops and \ow Auicatnia grow on the
fandward side. Thickets of closed Carlop s and Aegiceras grow on the sandy islands between the river
channels.

The extensive mudflats and sandflats frontingithe limestone barrier islands are the habitat ofvery
rich epibenthic and buffowing invertebrate faunas. The flats are also much used by migratory waders
as feeding areas.

In the shallow sublittoral zone there are extensive seagrass and algal beds on rock pavements. Turtle
and dugong feed on these areas and turtles nest on the beaches.

The waters are turbid but nonetheless there are manv corals wherever there are firm substrates in the
sublittoral zone.

Reffeation
There is moderate recreational use of the coast in the south-western part of this sector, especially in
the vicinity of Onslow. However, the north-eastern mangal is inhospitable and inaccessible from the
land and so is little used. The adjacent islands and waters are also visited infrequently by recreational
fishers. The islands have very little potential for tourism.

Preo ious rucomm enda tions
The EPA (1975, System 8, rec. 8.7) recognised the importance of these mangals as a source of
nutrients for the adjacent marine ecosystem and a nursery area for fisheries and recommended that
biological and sedimentological surveys be carried out to assess their significance in these respects.
Detailed surveys have not been done but further information is available.

The EPA (1975, System 8, rec. 8.4) recommended that all the islands from the Mary Anne Group to
South West Regnard Island be declared Class B nature reserves. The EPA (1975, System 9, rec.9.7)
also recommended that Weld Island should be declared a Class A nature reserve and ottrer islands
west ofthis be considered for declaration as Class B nature reserves.
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Workin g Group tecommenda tions
Although available information and inspection of aerial photographs clearly indicate that this sector
contains many significant geomorphological and biological features, the Working Group was not able
to recommend any particular section of it for reservation because of the lack of adequate
information. Field survey work is needed to establish which areas most adequately represent the
variety of geomorphology, habitats, flora and fauna that are present.

However, the Working Group noted that the nearshore islands of the northern part ofthe sector, that
is between Sholl and Yammadery Islands, have recently been collectively designated as the Great
Sandy Island Nature Reserve (see Map III-8). Should the results of field surveys indicate that the
northern part of this sector contains geomorphology, habitats, flora and fauna suitably representative
ofthe sector, there would be merit in selecting the waters surrounding those islands for designation
as a marine reserve,

Therefore the Working Group recommends:

"1. That there should be a survey of the marine habitats, flora and fauna of the Robe mangal and adjacent
nearshore waters to identify area-s of particular conservation value in terms of mangal habitat, prawn and
fish nursery areas, dugong and turtle feeding areas, and marine flora and fauna generally.

"2. That, unless the results of the survey indicate that the most desirable areas for marine conseryation are
elsewhere within the sector, consideration should be given to the declaration of the waters surounding the
islands designated as the Creat Sandy Island Nature Reserve and encompassing the Robe mangal south to
the Cane River, including the inactive delta of the Robe River.

"3. That th€ strip of land between the High Water Mark of the area selected for designation as marine
reserue and the boundary of the adjacent pastoral lease, should be added to the reserve."

3.9. Exmouth Culf (Map ll l-9)

Exmouth Gulf is one of the largest embayments on the Western Australian coast. Its eastern and
southern shores are dominated by mangal and mudflat habitats of great importance for nature
conservation and for sustaining local fisheries.

Tenurc
The hinterland of this section of the coast is occupied by pastoral leases. The strip of land between
the High Water Mark and the seaward boundaries of the pastoral leases is vacant Crown Land. On the
eastern side ofthe Gulf this boundary is difficult to locate because ofthe low nature ofthe terrain.
Inshore islands along the sector aye vacant Crown Land.

Almost the entire area is covered by petroleum exploration permits. Permit EP325 R1 covers most of
the area while EP 342 intrudes into the northern part and EP166 R2 intrudes into the southern part.
Small areas of the Gulf are also included within Permits EP41 R4 and EP359.

Cnmorphologg
Exmouth Gulf sits astride a significant boundary between the geomorphologically distinct Pilbara
and Gascoyne coastal sectors (see Section 3.6 of Part I) with the dividing line being Sandaiwood
Peninsula. The eastern shore ofthe Gulf, which is mangal dominated, belongs to the former sector,
while the western shore, including the mangal system of Gales Bay in the south-west, belongs with
the Cape Range Peninsula to the Gascoyne.

The climate is arid and the streams which flow into it are small and flow only after cyclonic rains.
However, at the north-eastern entrance to the gulf the Ashburton River discharges very large
volumes of water when flooding and some of this probably temponrily affects the gulf.

The waters of the gulf are generally turbid. Although sheltered from strong prevailing winds the gulf
is occasionally affected by cyclonic storms. Tidal range is about 3 m but storm surge, especially at the
southern end ofthe gulf, may carry sea water well beyond the normal High Tide Mark.
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The shelf-island system which characterises the west pilbara near-shore marine environment (see
Section 1.1.1) extends down the eastern shore to the head ofthe gulf. There are characteristic low
Iimestone islands along the eastern side uith muddy beaches and rock pavement shores. In some
areas the intertidal rock pavements bear extensive macroalgal beds and cordl and rocky shore
communities.

Along the eastern shore from just south of Locker Point to Giralia Bay there is a mangal of distinctive
character. Three ofthe major coastal tlpes described in section 1.1.2 are represented in this system.
In the northern section the Ashburton delta is an excellent example of the active deltn (coastal tlpe
3). Further down the eastern side of Exmouth Gulf the shore represents the beacfudune coast (coastal
type 8) and the sand dune hinterland coast (coastal type 11). Each of these contains its chancteristic
assemblages of mangal and other coastal habitats.

Landward of the mangals there are very wide supratidal flats which in many places are inter-fingered
or merge imperceptibly with the low-lying, vegetated hinterland. The western boundaries of the
adjacent pastoral leases are defined only by reference to the High water mark, although its position
is difficult to locate. Protection of these adjacent land areas is critical to the ultimate protection of
the mangal ecosystem and consideration should be given to incorporation ofa coastal strip above
Higih Water mark into the proposed reserve, with clearly definable boundaries.

On the western shore of the gulf, ie. from North West Cape south to the Bay ofRest, the shore
comprises narrow beaches backed by dunes and fronted by sand and rock flats. The Bay of Rest and
Gales Bay contain small but complex mangal systems distinct from that of the gulfs eastern shore.

Marine flora and fauna
The eastern side of Exmouth Gulf south of rubridgi Point is the site of one of the largest mangals in
the state. It is crossed by tvansverse tidal creeks, backed by wide supratidal salt flats, and fronted by
intertidal mudflats. There is no doubt that these mangals and flats are the source of much of the
nutrient which supports the valuable prawn fishery in the gul{ and functions as a nursery area for
juvenile prawns and other harvested species as well as unharvested species.

There has been fairly extensive survey of the prawn nursery areas and other fisheries of the gulf by
the Fisheries Department but relatively little study on other aspects of the marine flora, fauna and
habitats. WA Museum staff have gathered information on the invertebrate faunas of the mangals,
especially molluscs (Wells, 1983) and decapod crustaceans.

Six species of mangrove are present in the mangals of Exmouth culf. The two bays at the head of the
gulf have mangals of rather different structure (Johnstone, 1990). In Giralia Bay there is a seaward
zone of Auicennia, mainly thick-trunked trees growing to 4 m. This gives way to a zone of low, closed
forest (to 2 m) of immature.4u icennia and, scattered immalure Rhizophora. Thelandwanl side of this
mangal consists of open Auicennia woodland and stunted thickets. In contrast, the mangal at Gales
Bay has a seaward zone of mature Rhizophora (to 4-5 m) succeeded by a central zone of mature
Auicennia foresl and woodland and, in some areas, mixed Rhizophora and. Auicennia. The landward
side grades into thickets of Auicennia with occasional Cenbrs.

In addition to the range of mangal assemblages, this area contains significant mudflats and sand flats,
with their associated epibenthic and burrowing faunas. These communities represent the most
westerly of their type. Similar communities occur elsewhere on the pilbara coast but do not extend
beyond North West Cape. They contain a number ofspecies endemic to the Kimberley-pilbara region
which are here close to the western limit oftheir geographic range.

In the shallow waters of the gulf fronting the mangals there are extensive seagrass beds (with at Ieast
4 species) providing feeding habitat for turtles and one of the State's more important dugong
populations. The dugong population in the eastern part of the gulf has been estimated to number
about 1 000 animals (R. Prince pers. comm.).

Several low limestone islands fronting the mangals are nesting sites for seabirds including Osprey,
Australian Pelican, Pied O'ster Catcher, Crested Tern and Fairy Tern. The mud and sand flats are
significant feeding areas for a variety of migratory wading birds.
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The shores and near-shore habitats of the western side of the gulf are quite different to those of the
east. There are sand flats, often with rocky outcrops, sloping into the sublittoral zone. The
invertebrdte fauna along this stretch of coast is diverse and abundant. ln the southern sector Uust
north of the Bay of Rest) the sea floor is stony with a shallow sand cover and supports extensive beds
of soft corals and sponges.

Reueational ond commercial uses
The beaches south of Exmouth are extensively used by local people for swimming and fishing. There
is little swell and, except in easterly weather, this is a lee shore.

The eastern side ofExmouth Gulf is remote from the highway and major roads and has little access.
It is little used for recreational fishing. There is more access to the southern end of the gulf and
consequently a greater degree of recreational fishing there. The southem part of the gulf area is also
popular with amateur net fishers.

The gulf itself is the site ofthe Exmouth GulfPrawn Limited Entry Fishery (see Government Gazette
No. 28, 17 March, 1989). In recognition of the importance of the mangal and adjacent shallows as a
nursery area for prawns and other important species, the eastern side and southern end of Exmouth
Gulf have been designated under Fisheries legislation as a prohibited area for the trawling industry.
Commercial beach seine netting for mullet and whiting operates in the southern portion of the gulf.

The warm, sheltered and highly productive waters ofthe eastern shores of Exmouth Gulf lend
themselves to mariculture and there are several existing and proposed sites for such developments.

Preuious rccommendo tions
The EPA (1975, System 9) noted that the mangals of this shore provide a supply of nutrients to the
adjacent marine ecosystem as well as being a nursery area for fisheries and recommended :

"that biological and sedimentological surveys be carried out in the coastal segment from Exmouth Culf to
Mary Anne Islands (rec. 9.8);
that Simpson, Tent, Round and Whalebone Islands be declared Class A nature reserves (rec. 9.7.1);
that considention be given to declaration of other islands in the vicinity as Class B nature resen es (rec.
s.7.2).'

The recommended surveys have not been carried out but some further information is now available.

Working Group rccommendo tions
The distinctive eastern mangal and adjacent coastal waters of the gulf already receive a measure of
protection under the Fisheries Act. Marine reserve status would enhance that protection. Reservation
ofthe supra-tidal flats between the mangal and the hinterland would be essential to ensure adequate
management of the mangal and coastal habitats of the marine reserve. Although they represent a
different mangal type, the mangals of Gales Bay and the Bay of Rest should be included in the
reserve. By extending the reserve north along the south-westeyn shore to a point in the vicinity of
L€armonth a section of the very different habitats of the western shore would be included.
Resewation ofa small section ofthe coastline near Exmouth would then adequately represent the
westem shore habitats.

Accordingly the Working Croup recommends:

"1' That the nearshore waters on the eastern and south-westem sides of Exmouth Culf be considered for
reservation for the protection of mangal habitat, prawn and fish nursery areas, turtle and dugong feeding
areas, and coaJtal marine fauna and flora generally, and for recreational fishing and such commercial
fishing and maricultule as may be consistent with the former DurDoses.

"2. Boundaries:
(a) that the north-easten limit ofthe proposed marine reserve should be located at Locker Point and the
south-western limit in the vicinity ofLearmonth;

'i(b) that the marine area reserved should extend from the High water Mark seaward to about the 10 m
bathymetric contour, or some suitable skaight lines approximating that contour;
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"(c) that the 40 m strip of vacant crown Land between the adjacent pastonl leases and High water Mark
should be added to the marine reserve by reseruation under the Land Act, together with sJch portions oi
the adjacent paitoral leases as will produce simple, clearly definable boundaries.

'3. That the EPA 1975 recommendations for declaration of islands in the area as nature reserves should be
implemented as soon as possible. The working croup is of the view that all the island nature reserves
should be designated as Class A,',

3.10. West Pilbara Offshore Islands (Maps ltt-8, 9)

offshore along the coast west of the Dampier Archipelago and within the outer or oceanic zone of the
Rowley shelf there is a series of islands, mostly comprising Holocene sand cays and pleistocene or
Tertiary limestones. The waters around the outermost ofthese islands are relativelv clear.
approximating oceanic conditions, and so are quite different from those surrounding the islands
nearer the mainland coait where muddy conditions prevail. The largest of these offshore islands are
Barrow and the Monte Bello Islands complex, the Serrurier Islands group, Thevenard Island, and the
North and south Muiron Islands, all ofwhich are reserved for conservation of flora and fauna.

Barrow and the Monte Bello Islands are emergent structures on a distinct sublittoral platform and
are dealtwith separately in Section 3.11.

Thevenard Island has marine habitats most like the turbid conditions around the inner islands which
are represented in the proposed marine protected areas along the coast. The surrounding waters are
also subject to disturbance by the operations of the petroleum industry. For these reasoris this area
was not considered to be a strong candidate for reservation.

The serrurier and the Muiron groups, on the other hand, have rather distinctive marine habitats
surrounding them and they are considered in this section.

3.1 0.1 Semrrier Islands
The serrurier Island complex is a group of offshore islands and emergent rocks at the western end of
the Rowley Shelf. There are three medium-sized islands in the group, serrurier, Flat and Bessieres.

Tenure
The Serrurier Islands comprise a Class C Nature Reserve lor the protection ofseabirds and turtles and
their nesting sites. They fall within petroleum Exploration permit Tp/6 R1.

Cmmorphologg
This island lroup represents the coastal type described in Section 1.1.3 as island type 3, composed of
shelly or ooid Pleistocene limestones and Holocene sands. They are similar to some of the pilbara
coastal islands but lie within the offshore zone described in Section 1.1.1 which is characterised by
clearer water (see Map III-8). As well as the three medium-sized islands, there are several small
Pleistocene limestone and Holocene sand islands and.emergent rocks, namely Round and rable
Islands, Hood Reet Black Ledge and Bowers Ledge. These emergent structures stand on a shallow
bank of 5-8 m depth. Because of the distance from the mudrly mainland, the littoral and shallow
sublittoral soft substrates on the seabed surrounding the islands are fine to coarse-grained calcareous
sand rather than muddy sand.

Marine flora and fauna
wedge-tniled shearwaters, Silver Gulls, ospreys, white-breasted Sea Eagles, caspian Terns and
crested rerns nest on these islands. The Serrurier Island wedge-tailed Shearwater rookery is the
largest for the species in the Pilbara region.

Serrurier Island is also an important nesting site for Green Turtles and possibly other turtle species.

There has been no systematic survey or collecting of the marine flora or fauna of this area. InsDection
of aerial photographs indicates that there is a variety of habitat tlpes present including sublittoral
and intertidal rock pavements, sand flats, algal beds and well developed seagrass beds in the shallows.
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There are extensive coral reefs around the front edges and reef-front slopes of the rock platforms.

These have been inspected in the field by CAIM sta{f. Coral growth is luxuriant - possibly the best in

the pilbara from a scenic point of view. coral reef fishes and other associated fauna appeal to be

correspondingly diverse.

From the photo-interpretation of habitats, field inspections by CALM staff, anecdotal reports by shell-

collectors and recreational fishermen, and the clear water conditions, the Working Group concludes

that fish and invertebrate species diversity is likely to be high. Although the marine communities

around the Serrurier group undoubtedly share many species with the sand, mud and rock flats of the

mainland and inner island shores, there is likely to be a larger proportion of coral reef species and

somewhat different community structure.

The other offshore island and reef complex of this nature in the vicinity is Thevenard. Although there

are no detailed data on the faunas and floras ofthese two groups to allow a proper comparison, the

Working Group believes that the more remote location and clearer water conditions of the Serrurier

complex make it a much better candidate for designation as a marine protected area.

In some respects the serrurier coral reef complex is a match for the Lacepede reefs much further
north. Both are mid-shelf fringing reef systems growing on Pleistocene rock platforms. When survey

data are available, the coral reef launas of these two areas will make an interesting comparison.
Together \,vith the coral reefs of the Rowley Shoals Marine Park, the proposed Dampier and Monte
Bello Marine Park, and the proposed Biggada (Barrow Island) Marine Nature Reserve, they would
adequately represent the varied coral reef systems of the Rowley Shelf.

Serrurier Island and its surrounds have many attractions for recreational fishers and divers. There are
few such attractive islands in the western Pilbara. There are several safe anchorages and landing sites
for small boats on Serrurier and the distance from the mainland is only moderate so that it is
accessible to recreational fishers and campers. Camping is allowed on the island only by permit but
that rule is difficult to enforce.

3.10.2. Muiron Islands
The two elongate, medium sized, sparsely vegetated Muiron Islands, North and South, lie at the
western end of the Rowley Shelf, not very distant from the shelf edge. Sunday Island is a small
limestone and sand island south-east of the two main islands in the group, near the mouth of
Exmouth Gulf.

Tenure
North and South Muiron Islands comprise Class C Nature Reserve (No. C31775), for the conservation
of flora and fauna, jointly vested in the National Parks and Nature Conservation Authority and the
Shire ofExmouth. They lie within an area covered by Petroleum Exploration Permits EP 342 and
TP/9.

Ceonorphologg
North and South Muiron Islands lie within the Exmouth Sub-basin of the Carnarvon Sedimentary
Basin and are structurally a continuation ofthe Cape Range Peninsula. In Section 1.1.3 they are
classified as offshore island type 2. They are low, dome-shaped, limestone islands separated by a deep,
navigable channel. Their western shores face the prevailing sdells and are characterised by low
limestone cliffs fronted by wave-sw€pt sandy beaches and intertidal rock platforms covered by algal
turfand thin sheets ofsand. Their eastern shores comprise sand beaches backed by low dunes. To the
south-east, Sunday Island is an example of the offshore islands composed of Pleistocene ooid
limestones and Holocene sands, classified in Section 1.1.3 as island type 3.

To the west of the islands the sea floor slopes away to the shelf edge some 30 km seaward. The reef-
front slope beyond the edge of the intertidal rock platforms is deeply dissected by a prominent spur
and groove system, usually with prolific coral growth, at least on the spurs. Beyond the reef slope the
sea floor is rough with irregular limestone rock and coarse sand patches. Soft and hard corals grow
on the exposed areas of hard rock. Structurally the reef-front zone of these windward reefs is similar
to the equivalent zone of the Ningaloo Reef along the western side of the Cape Range peninsula.
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The eastern shores are less exposed to the prevailing wind and swell and are characterised by gently
sloping sand with numeyous patch reefs and coral bommies. To the east and south the sea floor levels
out, with moderately level, muddy, soft substrates which form part of the trawling grounds of the
Exmouth Gulf prawn trawl fishery.

Marine llora and fauna
The islands are important seabird nesting rookeries, most notably of the Wedge-tailed Shearwater.
Green turtles nest on the beaches.

The inshore reef fishes around South Muiron Island were sampled by Mr J.B. Hutchins of the WA
Museum in June 1977. He recorded over 330 species of fish from a limited period of collecting. His
field report (WAMuseum unpublished file note) observes that in terms ofabundance and diversity,
the inshore fish fauna is very similar to that of the Ningaloo Reef. Fairly comprehensive collections of
fishes have also been made from the nearby trawl grounds.

There have been no systematic surveys ofthe marine habitats, flora or invertebrate fauna of the
shores and surrounding waters ofthe Muiron Islands. One ofthe Working Group members (BRW) has
made cursory inspections and collections of invertebrates at several intertidal and sublittoral sites
around South Muiron Island. The sublittoral coral reef fauna and habitats of the west side seem to be
much the same as those ofthe reef-front zone ofNingaloo Reef. The patch reefand sandy sea-bed
habitats of the more sheltered eastern side are comparable to those of the deeper parts of the back-
reef and lagoon of Ningaloo Reef.

Of particular i nterest are the intertidal rock platforms along the western shores of the islands. They
are similar in structure to the rock platforms at North West Cape in the Ningaloo Marine Park, and
are similarly wave-swept and covered with an algal turf. This habitat type is a feature o{ the Western
Australian west coast south of Cape Cuvier (a different biogeographic zone) but is uncommon in the
tropics. The only other comparable rock platforms on the Pilbara coast are on the west side of Barrow
Island and the north sides of Kendrew and Legendre Islands in the Dampier Archipelago (see 3.11.2
(i) and 3.6).

Recrcation
The islands are bleak, waterless, sparsely vegetated and severely wind swept. There have been several
proposals in the past for establishment of accommodation and facilities for recreational fishermen on
the islands. Access from the nearby port of Exmouth is eaiy and accommodation and support
facilities are readily available there.

Nevertheless, as the tourism industry of Exmouth deveiops, increasing day-use of the islands and
their surrounding marine resources is inevitable, especially for recreational fishing and SCUBA
diving. There are already anecdotal accounts of deterioration of the fish stocks in the area, reputedly
due to over-fishing. Local people have put the argument to members ofthe Working Group that
tighter controls on recreational fishing in the Ningaloo Marine Park have Ied to an increase in fishing
pressure at the Muirons. Some form of increased management of recreational fishing may be
necessary at the Muirons to ensure continuity ofthis socially and economically important activity.

There is potential for development of commercial nature and dive tours to these islands from the
tourist town of Exmouth. Seabird and turtle nesting provide a particularly interesting spectacle, in
season, although visits by groups ofpeople must be carefully controlled to avoid disturbing the
animals.

Prcuious rccomm enda t i ot s
There have been no previous recommendations for declaration of marine protected areas at the
Serrurier Islands.

An IUCN report (Hatcher, 1988) recommended that "due to the similarity between the marine faunas
of the islands and the Ningaloo area" the Muiron Islands should be added to the Ningaloo Marine
Park.
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Working Gmup recomnendations
The waters around the islands and reefs of the Serrurier group are representative of the offshore
marine habitats of the western Rowley Sheli They also have potential as a resource for recreation
and tourism.

Due to increasing use of the marine resources o{ the waters around the Muiron Islands there is a
need for increasing management, that is, facilitating access while protecting the environment and its
living resources. Reservation of the area as marine park is one means of providing a basis for

Accordingly the Working Group recommends:

"1. Serurier Island croup
"a) That an area ofwaters encompassing Flat, Serrurier, Bessieres, Round and Table Islands and Hood Reef,
Black Ledge and Bowers Ledge be considered for reservation for the purposes of public recreation and
prot€ction of marine flora and fauna.

"b) That an integrated Management Plan be developed for both the island Nature Reserve and the
suffounding marine reserve, with provisions for recreational fishing and for camping alhore during those
seasons when seabirds and tudles are not nestinp.

"2, Muiron Islands
That an area of the waters encompassing the Muiron and Sunday Island group be considered for resel.r'ation
for the purposes of public recreation and protection of marine flora and fauna, subject to:"a) a surv€y of the marine flora and fauna and habitats surrounding the Muiron Islands and

comparison with those of the Ningaloo Marine Park.
"b) a study on the impact of curent and anticipated future recreational fishing on fish stocks around
the islands and a repolt produced on options for managemen! including the option of reserving the
area as marine park."

3.11. Barrow-Monte Bello Complex (Map Il-8)

The Barrow, Lowendal and Monte Bello Islands, lie approximately 120 km west-north-west of
Dampier. They lie within the Barrow Sub-basin, an offshore trough ofthe carnarvon sedimentary
Basin separated from the inner part ofthe North west shelfby the Flinders Fault. Barrow Island
itself consists of rertiary and Quaternary limestones while the Monte Bello and Lowendal groups
comprise Pleistocene limestones. Tog€ther they stand on an elevated sublittoral limestone platform,
with the Monte Bellos separated from the others by a transverse channel of moderate depth.

The islands of these groups are reserved either as Nature Reserve or conservaiion park although
Barrow Island and the l,owendal Islands are leased to petroleum companies under the powers of the
Petroleum Act, 1937, for the development ofoilfields. There are petroleum exploration tenements
over much ofthe area.

To the north and west of the Barrow-Lowendal-Monte Bello system lie deeper waters of the
continental shelf edge. To the south and east are the shallower waters of the shelf. The area is
subjected to occasional extreme cyclonic weather and strong current flows. spring tidal range is
between 3 and 3.5 m.

The island complex lies within the offshore zone discussed in section 1.1.1. The marine habitats of
this group are more oceanic than those of the coastal waters closer to the coast, with less turbid
water. The islands, together with the sublittordl ridge on which they stand, comprise a
geomorphological and ecological unit which is unique on the coast and may be regarded as a major
distinctive coastal type. There is at least one gastropod endemic to the sand substrate habitat of the
Barrow-Lowendal-Monte Bello group, the direct-developingvolutid Amoria macandreui. such
endemicity may indicate that the sublittoral ridge has been isolated from other marine ecosystems
for some time.
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wthin this geomorphological unit a variety of marine ecosystem tlpes are represented (see part 1.3.7). Over much of its surface the sublittoral ridge is dominatea by itgat led;;"; .il ffi;# ;;the Iimestone pavement. The sands are we -sorted and moderatery coarse-grained where there iswater movement due to wave action or currents, but fine and muddy in the shallows ofshelteied
areas such as off the eastern shore of Barrow Isrand. wde intertidal muddy sand flats, r,vitti inabundant and diverse infauna, are a significant feature of the eastern sioe or aarro*. ,q, particuturtygood example of this tlpe of habitat occurs in Bandicoot Bay at the southern end of the island.

coral groMh is extensive in the less muddy areas and there are well developed corar reefs along thewestern front of the group, most notabry west and south of the Monte Belloi and at Biggada Releionthe west side of Barrow. There are large ponles bommies and other massive coral colonies in thechannels and along the ridge between Trimouille Island and the Lowendal Islands. These reefs havenot been surveyed and their species composition is unknown (see notes on corals at the Monte Bellosin Sect ion 3.11.1).

There are sandy beaches and rock platforms on the western side of Barrow and smal mangals insheltered bays at severar rocations in the group. The shalow, structuralry compte* tagoonioitt eMonte Bellos are a unique feature of the group.

The Barrow Sub-basin is the site ofan established oilfield, with both island and off-shore production
wells, storage tank and pipe-rines. The intertidal sand flat, rock platform, corar reef, rungur unJ 

-

lagoonal habitats of the area are particularly vulnerable to oil spiils and the Worting croJp believesthat there is a need for a marine management plan covering the whore ar.u, ui,n.o It proi..iing th.significant marine habitats and flora and fauna.

Three marine protected areas are recommended, one covering the northern end of the system, ie. thewaters surrounding the Monte Bellos and the others consisting of small areas on the western side andsouthern end of Barrow Island.

3.ll.l. Monte Bello Islands
The wA. Museum carried out a suwey of the marine habitats and biota of the Monte Belros in 1993
for the Department of conservation and tand Management but the compreted resurts of that project
were not available in time for incorporation in this report. Nevertheless some observations of the
survey team are noted.

Eistory
The English ship Trgal waswrecked on what are now known as the Tryal Rock just north of the
Monte Bello Islands in 1622 and the crew spent seven days on the islands before sairing to the East
Indies. The islands were named by the French Baudin Expedition which passed by in 1g0r. British
hydrographic surveys were made in 1818 (King, 1827) and 1840 (Stokes, 1846). The report by Stokes
includes notes on the islands' natural history. The first detailed biological survey was d'one by r. o.
Montague in 1912 (Montague, 1914). sheard (1950) published a note on a visit to the islands.

In 1952 and 1956 the Monte Bello Islands were used as a nuclear weapons testing site by the British
Government. For this purpose the isrands and surrounding waters were declared a prohibited area
under the control ofthe Australian Department ofDefence (Special Undertakings Ac! 1952). They
remained under commonwearth contror untir 1992 when control was returned to the state. Seveial
reports on the terrestrial and marine flora and fauna were published following surveys associated
with the weapons-testing program (see Burbidge 1g71 and Deegan 1992 for referencis).

In 1966 west Australian Petroleum pty. Ltd. drilled an exploratory oil well on Trimouille Island.
Naturalist W. H. Butler visited the Monte Bellos at about that time.

Tlvo visits were made to the Monte Bellos by officers of the Fisheries and wldlife Department in
1970 and 1971, resulting in a report on the islands' flora and fauna and recommendations for future
management (Burbidge, 1971). one of those recommendations was for action to eliminate feral catsfrom the islands.
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Between 1903 and 1913 a pearling lease was held over waters in the Monte Bellos by a Mr Thomas
Haynes. campbell Island wx reserved at that time for the "water Pearling Industry" and remnants of
Haynes' buildings and other structures may still be seen there. Haynes also collected mollusc
specimens which were the substance of a published report (lredale, 1914)' A contemporary pearling

lease exists over waters between Hermite and Campbell Islands.

In the context of the negotiations between the State and Commonwealth Governments prior to the
return ofthe Monte Bello Islands to State jurisdiction, the Department of Conservation and Land
Management prepared an unpublished draft Management Plan for the islands (pers. comm. Dr Keith
Morris). A summary of marine resources and bibliography was prepared for the Department by
Deegan (1992).

Tmure
While under the control of the Commonwealth the Monte Bello Islands had the status ofvacant
Crown Land. The agreement between State and Commonwealth authorities relating to the return of
the area to the State included arrangements for reservation and management of both lands and
waters of the archipelago as conservation reserve under State legislation.

The islands of the Monte Bellos were reserved on 7 July, 1992 as Conservation Park (Reserves Nos.
42196 and 42197) extending to low water level and vested in the National Parks and Nature
Conservation Authority (Government Gazette, pp 3083-3084). At the same time an existing Land Act
Reserve (No. 13517) for the purposes of "Water Pearling Industry" over Campbell Island was cancelled
(Government Gazette: p. 3084).

Petroleum Explontion Permit EP 358 overlays the islands and waters of the Monte Bellos. The
Harriet oilfield (production licence TLl1) overlaps the south eastern fringe of the area.

T\,vo small portions of North West Island and Trimouille Island are excised from the Conservation
Park and are leased to the Commonwealth for the operation of a lighthouse.

Gmmorphologg
The Monte Bellos are the most seaward and remote of all the Rowley Shelf islands except for the
Rowley Shoals themselves. Their physiography has been described by Deegan (1992).

The Monte Bello Islands represent the island type 3 referred to in Section 1.1.3. They are low lying
and include 95 islands larger than 50 metres in length and 170 smaller islets and stacks. The largest
island is Hermite (970 ha.), followed by Trimouille (450 ha.), North West (120 ha.), Alpha (115 ha.)
and Blue Bell (64 ha.). They are composed of Pleistocene limestones and calcareous and ferruginous,
cross-bedded sandstones, capped in places with consolidated or active sand dunes with elevations up
to 40m. Most islands are bare rocky terrain without any beaches.

Except for North-West and Trimouille, the medium to large-sized islands in the group have sinuous,
convoluted coastlines. Many are long and very narrow and all exhibit the effects of erosive forces of
styong cuyrents. The centnl chain of islands from Ah Chong northwards is a relict ofwhat was, in
Pleistocene times, a continuous landform which has been subsequently eroded to a multitude of
islands of varying size. The extremely convoluted coastline of the modern islands provides not only
attractive scenery but also varied habitats for intertidal and nearshore fauna and flora. In contrast,
North-West and Trimouille Islands are composed of accumulated sands derived from beach growth
and from aeolian-formed parabolic dunes.

Most ofthe shorelines are rocky but there are some sandy beaches.

Coral Reefs
The main (barrier) reef, which is about 12 km long, forms the seaward border of the archipelago on
the western or windward side, with a wide discontinuity in the south where several patch reefs occur.
The reef-front slope is not steep and has no distinct "spur and groove" development. There is a wide
reef flat but it has no distinct crestal area and is composed largely of consolidated coral rock slabs,
interspersed with sand and some accumulations of loose boulders. There are several large breaks in
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the reef forming deep channels. Tabular Acropora corals grow profusely along the edges of the
channels.
There is a structurally complex back reef system with many patch reefs among and around the
islands, separated by the maze ofchannels, banks, sublittoral pavements, and lagoons. The complex
back-reef complex appears to have developed on a previous karst landscape and is similar in structure
to some areas in the Abrolhos. On the eastern side of the archipelago there are many patch reefs but
no reef flat or rampart comparable to that of the western side.

At the southern end ofthe archipelago, south of Hermite Island, there is a different coral reef
structure. Here many small patch reefs have developed over a broad, shallow, sublittoral, limestone
rock pavement which extends south to the Lowendal and Barrow Island groups. The rock pavement is
cut by several deep channels. Except for the patch reefs the pavement is covered for the most part by
algal turfand shallow deposits ofsand. The back-reef is influenced by the strong west-flowing
currents and is structurally controlled by previous karst landforms similar to those of the northern
area.

The extensive development ofbarrier reef, back-reef, patch reef, pavement patch reef and lagoonal
habitats in such close proximity is a feature of the Monte Bello group without parallel in Western
Australia.

Wthin the Monte Bello complex there are many shallow lagoons and bays and a maze of narrow
channels. There are two main lagoons, one betueen the central island chain and the western barrier
reef, and the other between the island chain and Trimouille Island. The waters ofthe la6loons are
turbid and have extensive areas ofsand substratum. The channels mostly run between the islands of
the central chain. They also have turbid water but, because of strong currents that flow through
them, they have mostly coarse sand and rubble substrates and extensive exposures of limestone
pavement where scouring occurs.

Within the bays protected from severe wave action and tidal scouring, there are extensive intertidal
flats composed of fine sand with low organic content. Some of the bays have simple mangals.

FIom antl fauno
The Monte Bello Islands and surrounding uaters have several distinctive features which together
make the area unique and valuable for conservation. P. L. Montague visited the islands in 1912,
collected both teryestrial and marine specimens, and subsequently published a report (Montague,
1914). Some of his specimens were later described and named by other workers so that the Monte
Bellos are the type locality of several species. Since the early visit by Montague several surveys ofthe
terrestrial flora and fauna of the Monte Bello Islands have been carried out (see Burbidge, 1971 for
summary and references).

According to Burbidge (1971) and Morris et a/. (1988) the nuclear tests have had no appreciable
effects on the terrestrial flora and fauna ofthe islands. Regular radiological monitoring since 1962
has demonstrated that there is no significant residual radioactivity likely to be of concern to visitors
in most parts of the islands although certain localities should remain as prohibited areas for
prolonged visits.

Terratrial fauna and flora
TWo species of marsupial (Spectacled Hare Wallaby and Golden Bandicoot) inhabited the Monte Bello
Islands until early this century when they became extinct, probably as a result offeral cat predation
or drought. There is considerable potential for re-establishing these threatened species on the islands
if cats and rats can be eradicated.

Marine flora and fauna
The islands are particularly important as habitat for marine species. At least 2 species of marine
turtle (Green and Hawksbill) nest on the beaches. T[enty six species of seabird and waders have been
recorded from the islands (Serventy & Marshall, 1964; Burbidge, 1921). Seabirds which nest on the
islands include the Crested Tern, Caspian Tern, Pied Oyster Catcher, Sooty Oyster Catcher, Osprey,
White Breasted Sea Eagle, Beach Curlew and Wedge-tailed Shearwater.
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The maze of shallow channels, lagoons, and both sandy and silty bays provide an extraordinary range
of substnte, depth, turbidity, current, and wave exposure conditions. Some habitats are heavily
influenced by the dominant westerly currents surging through gaps and passages in the islands and
reefs, while others are relatively sheltered from the currents. The structural variety of the system
creates exceptional habitat diversity.

Hill (1955) recorded 28 species of fish from the Monte Bellos in a report on the natural history of the
islands based on studies during preparations for the 1952 nuclearweapons tests. The recent WA
Museum survey recorded 457 species offishes, a number greater than that known from the Dampier
Archipelago and almost as large as the number remrded from Ningaloo Reef (G. R. Allen, pers.
comm.).

Until recently, study of the marine invertebrdtes had been cursory (lredale, 1914, Preston, 1914 and
Robson, 1914 on molluscs; Rathburn, 1914 on crustaceans). Even though the recent WA Museum
survey was brief, it has provided the first extensive information on the invertebrate fauna of the
archipelago. The survey recorded 141 species ofscleractinian corals, making a total of 150 species
now known from the area. It was observed that the coral community at the Monte Bellos is
characteristic of moderately clear conditions and is similar to that known from the Dampier
Archipelago (LJvl. Marsh, pers. comm.). The molluscan fauna is particularly noteworthy, judging
from the results of the Museum survey which collected 595 species, making a total of 633 species
now recorded from the Monte Bellos (F. Wells, S. Slack-Smith & C.W Bryce, pers. comm.). This high
diversity is interpreted as a result of the extremely varied habitats. In particular, the lar5le expanse of
semi-lagoons and intertidal sand flats with their variety ofsand habitats were found to support a high
diversity of burrowing, fi lter-feeding bivalves.

Associated with the sand and mudflats in the bays there are numerous areas of mangal nnging in
size from isolated mangrove trees to more than 15 hectares. These are scattered throughout the
islands in sheltered embayments and are particularly prevalent on Hermite Island. At least four
species are present (Avicennia marino" Rhizophora stglosa, Ceriops tagal, Bruguiera exaristata).

Algal Flats
Extensive algal beds occur on the sublittoral pavements, especially in the southern part of the Monte
Bello complex. There is no information on the species composition of these communities but a hiqh
diversity is certain.

Recteation
Although the Monte Bellos are distant from the mainland, there are many excellent anchorages in
the archipelago for even quite large vessels. Several charter boats operate fishing, diving and shell-
collecting tours there. Small private vessels frequently visit the islands and commercial fishinq boats
often anchoy there for rest and recreation periods.

There is little scope for development of holiday accommodation on these low, sparsely vegetated
islands, which are quite lacking in surface water. More bleak "desert islands" would be haid to
imagine. Yet there is no doubt that the extraordinary landscape, human history, natural history, and
underwater scenery are extremely interesting and attnctive. It seems likely that the archipelago will
become increasingly popular as a destination for sea-borne visitors seeking a maritime exferience in
remote and environmentally severe circumstances.

Pr el ious r ecom m e nd a t i o ns
Burbidge (197I) recommended that Hermite Islanrl, the largest in the group, should be declared a
class A nature reserve and that the other islands in the group be declared class A reserves lor
consenrdtion and tourism. Burbidge was the first to recommend that surrounding waters be made a
marine park. In 1975 the EPA (system 8, rec. 8.2) made similar recommendationi for the islands,
except that it proposed that (with the exception of Hermite) they be reserved for the purpose of"Recreation and Conservation of Flora and Fauna,,. The EpA did not mention marine park.

An IUCN report ( Hatcher, 1988) recommended a marine ecological survey ofthe area.
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3.11.2. Barrow Island
Tmure
Barrow Island is a Class A Nature Reserve extending to the low water mark, and is vested in the
National Parks and Nature conservation Authority (Reserve No. 11648). Middle Island and Boodie
Island immediately south of Barrow together form a class c Nature Reserve vested in the National
Parks and Nature Conservation Authority.

Initial development of the Barrow Island oilfield by western Australian petroleum pty. Ltd. (wApET)
was authorised by a special Act of State Parliament (Act No. 85 of 1966). Subsequently, under the
provisions of the Petroleum Act, 1937 (replaced by the Petroleum Act, 1967-82) WAPET was granted
a lease over Middle Island and most of Barrow Island for the development of an oilfield. The lease was
renewed for a further 21 years in 1988. Boodie Island is not included in the lease. WAPET Production
Licenses TLl3 and L10 cover most of the island and surrounding waters; Boodie Island and the south
west corner of Barrow, plus the waters to the south-west and south, are covered by oil Exploration
Permit TP/2.

Under the terms of its lease the company maintains a workforce on the island and controls access. An
environmental protection and nature conservation program is in place and strict measures are taken
to ensure compliance. The company supports research on the flora and fauna of the island and
adjacent waters.

Cmmorphologty
The geomorphology of Barrow Island is summarised in an Environmental Review submitted to the
Environmental Protection Authority by WAPET in 1989.

The east coast ofBarrow has low cliffs ofPleistocene coastal limestone fronting stony and muddy
intertidal flats which are hundreds of metres wide in some places. wave action is slight on the east
coast. The west coast is rugged, deeply dissected, with high, Miocene limestone cliffs. It is subjected
to relatively strong wave action. Wide rock platforms are cut into the shore in many sectors,
alternating with long sandy beaches. At the southem end of the island there is a maior embavment
known as Bandicoot Bay.

Flora and fauno
Barrow Island is one ofAustralia's most important conservation reserves. It is a refuge of several
threatened native mammal species. Through co-operation between the State Government and
WAPET appropriate environmental management of the island habitats, flora and fauna is assured.

In practical terms, through control of access, the significant conservation values of the island's
shore-line environment are also protected. Nevertheless, the Working Group believes that there
would be advantage in reserving two areas ofwater adjacent to the island for conservation purposes.

(i) West coast
Ai Turtle Bay near the mouth of Biggada Creek on the west side ofBarrow Island, there is a small but
significant fringing coral reef. It extends in an arc for about 1 km northwards from the cliff base at
the southern end of the bay, enclosing a shallow lagoon. The coral grows on a limestone base. It is
emergent at its southern end uhere it joins the shore but submerged at its northern end. Its outer
edge has a dense cover of living coral and there are groups of coral heads in the lagoon. There has
been no systematic collecting of the coral or other marine fauna, although Hatcher (1988) gives a list
of coral genera collected there.

North of Turtle Bay, along a stretch ofshore known by WAPET as ',John Wayne Country',, there is a
section of cliffs fronted by beach and wave-swept, limestone rock platform. The platform is covered
with a thick algal turf. There has been no sampling of its flora or fauna. Nevertheless, this habitat
type is very poorly represented in the proposed marine reserve system of the Pilbara and the Working
Group is confident that theye are adequate grounds for reserving a section of it. Similar rock
platforms occur commonly along the mid-west coast of Western Australia south of Cape Cuvier but
they are in a different biogeographic zone. In the tropical zone ofthe North West Shelfthe
equivalent structures found on inner shelf island and mainland shores are subject to less wave action
and greater turbidity. Wave-swept rock platforms in semi-oceanic conditions occur only on the west
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side of Barrow and the Muiron Islands, and perhaps the north side of Kendrew and Legendre Islands
in the DampieY AYchipelago.

The wide sandy beach ofTurtle Bay is a major nesting site of the Green Turtle (Chelonia mydas).

(ii) South-eastern sheltered sand flats
At the southern end of Barrow Island there is a wide embayment known as Bandicoot Bay in which
there is an excellent example of the oceanic intertidal sand flat habitat. The bay is protected from the
prevailing westerly ocean swell by the South End Peninsula and by Middle and Boodie Islands,
although passages between the islands and the peninsula permit circulation of oceanic water into the
bay. Consequently there is a range in sediment type with coarser sands in the west grading to muddy
sands in the eastern portion, similar to the muddy flats typical of the eastern shore of Barrow.

In 1966 a field party from the WA Museum and Smithsonian Institution (Washington) intensively
studied the intertidal and shallow sublittoral invertebrate fauna of this area. The very large
collections obtained are now lodged with the two museums. Several new species have been described
from this material. The burrowing fauna is both abundant and diverse. Because of the range of
substrate type and water circulation conditions there is a variety of micro-habitats and community
tlDes.

The Working Group noted that WAPET presently prohibits staff from shelling and fishing in this area
except at three small points (two on South End and one at Stokes Point). However, access to these
waters by people from the mainland or elsewhere cannot be controlled in this way. If the area was
declared a nature reserve such activities would be prohibited automatically. If it was declared a
marine park, recreational fishing would be permissible, subject to regulation.

The Working Group also noted that the WAPET oilfield extends over Bandicoot Bay and that there are
several production wells within the proposed marine reserve. As the Company's rights to develop the
oilfield are already established under the authority of the Petroleum Act, declaration of the resewe
would not impede such operations in the area. The effect of reservation would be to provide a legal
basis for prohibition of fishing and sbell-collecting, and for control of access to these waters by the
marine park management authoyity.

Recreation
Public access to Barrow Island is prohibited under the terms of the WAPET lease. Company workmen
are permitted to recreate (fishing and swimming) on the shore, subject to strictly enforced
conditions. As the WAPET lease will remain in force for the foreseeable future there are no DrosDects
for public recreation or tourism on this island.

Pteaious tecomm enda tio ns
Previous recommendations by the Fisheries and Wldlife Department (Burbidge, 1971) and the
Department of Conservation and Environment (Conservation Reserves for WA, 1971) for reservation
of the Monte Bello Islands for conservation and recreation have been put into effect by declaration of
the Monte Bello Conservation Park (Covernment Cazette, 7 July, 1992).

The Fisheries and Wildlife Department recommendations (Burbidge, 1971) also included the
following: "That some ofthe waters surrounding the islands be declared a marine reserve - a possible
area might be all the waters within half a mile of Hermite and Campbell Islands." The Department of
Conservation and Environment (1971) made no reference to marine reserves at the Monte Bellos.

The IUCN report on coral reefs of the world (Hatcher, 1988) described and noted the significance of
the Monte Bello coral reefs and recommended a "full marine ecological survey", and that "some
degree of protection be afforded" to the area. The same report (pp. 8-9) briefly described the Biggada
coral reef on the western side of Barrow Island and recommended a detailed study to determine its
siEnificance.
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Worki n g Gnup recommmda tions
while noting that the Barrow-Monte Bello-Lowendall island complex comprises a distinct coastal
tWe with very significant conservation values, the Working Croup considers that appropriate
protection and management can be achieved by reservation of parts ofthe area, combined with
designation of the remainder as an environmentally sensitive area needing special management.

Accordingly the Working Group recommends:

"1. Monte Bello Marine Park
"a, that the waters encompassing the Monte Bello Islands, southwards to the channel separating the group
from the Barrow-Lowendal groups, be declared a class A marine reserve for public recreation and 

-

protection of flora and faun4 ideally with boundaries located at the limit of State teritorial waters alonq
the western and northern sides and following the edge of the sublittoral ridge on th€ eastern side;

"b. that the present pearl oyster Iease within the marine reserve continue but that the issue of any further
leases, or approval for the expansion of the existing lease, be subject to careful review taking account of
possible environmental impactj.

"2. Baffow Island
"a' Biggada Reef - that a stretch of the westen coast of Barrow Island between cape Malouet and cape
Poivre, encompassing Turtle Bay, the Biggada coral reet and a section of rocky shore, be considered- for
reservation for protection of marine flora and fauna. The precise seaward, northern and southern
boundaries should be determined in consultation with WA?ET after further study of the coastal flora and
fauna and marine habitats of the area;

"b Bandicoot Bay - that an area east of South End, Middle Island and Boodie Island to a line southward ftom
Stokes Point and encompassing Bandicoot Bay, be considered for reservation for protection of marine florc
and fauna. The precise boundaries should be determined in consultation with WAPET after further study of
the flora and fauna and marine habitats ofthe area."
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1. INTRODUCTION

In accordance with common usage by contemporary biogeographers the term "West Coast" refers to
the north-south section ofthe Western Australian coast between North West Cape and Cape Leeuwin.
(Hatcher, 1991 used the term "Leeuwin Province" for this zone.) It spans a distance of almost two
thousand kilometres and 12 degrees of latitude, covering the latitudinal transition from the tropical
to the warm temperate climatic zones. The Tropic of Capricorn crosses the coast just south of North
West Cape. The West Coast sector conformii with one ofthe biogeogrdphic zones described in the
Council of Nature Conservation Ministers working paper on marine protected areas (CONCOM,
1985).

The West Coast is the most populous section ofthe Western Australian coast, with metropolitan Perth and
two regional cities, Geraldton and Bunbury, located on its shores. Coastal waters and their living resources
in the proximity ofthose centyes are subject to intensive recreational use. The West Coast is also the site of
important fisheries and offshore petroleum potential.

Several areas of the West Coast have very high conservation values. Shark Bay is a World Heritage Area.
Ningaloo Reef is one ofAustralia's most extensive coral reef systems. The species-rich coral reefs of the
Houtman Abrolhos are the most southerly in the Indian Ocean, being situated well south of the so-called
"coral province" of the tropic zone, and are of extreme scientific interest.

A number of marine parks and a marine nature reserve have already been declared in this sector - Ningaloo
Marine Park, Shark Bay Marine Park, Hamelin Pool Marine Nature Reserve, and Marmion, Shoalwater
Islands and Swan Estuary Marine Parks in the metropolitan area. Nevertheless, the existing West Coast
marine reserve system does not adequately represent its flora and fauna and recreational resources and the
Working Group considered additional areas which may be worthy of reservation for conservation and
recreational purposes.

The West Coast comprises a natural unit for the purposes of this study. North West Cape and Cape Leeuwin
are regarded as boundaries between major biogeographic provinces. The marine flora and fauna and coastal
geomorphology of the West Coast are moderately well studied and the Working Group was able to
distinguish a series of major distinctive coastal types which formed the basis for division of the coastline
into natural sectors. The habitats, biotic communities and recreational resources of each of these sectors
were considered, leading to recommendations ofareas worthy of consideration for reservation,
supplementing the existing marine reserues.

The Working Group is aware that petroleum exploration permits exist over some of the coastal waters of the
West Coast including some of the areas identified here as being worthy of reservation for conservation and
recreation purposes. These have been noted where they occur but they have not influenced this reserve
selection process which is based on biological and geomorphological criteria and considerations of public
recreation values. The needs of the petroleum industry and constraints which may be imposed by
reservation would be addressed before any reserve proposal was taken further and when management plans
were formulated.

l.l. Coastal geomorphology

The West Coast features a wide range of coastal landforms. Taken together with the climatic transition from
tropical to temperate and the effects of ocean currents, coastal geomorphology has a profound influence on
habitats of flora and fauna, and on human activities as well. The rich marine resources of the West Coast,
including the western rock lobster and recreational fisheries, are dependent on the complexity of the
nearshore marine habitats, especially those formed by the complex reef and island topography of the inner
continental shelf.

The continental shelf ofthe West Coast is relatively narrow. At the northern end of this sector, just south of
North West Cape, the shelf is merely 40 km wide. The seabed consists primarily of carbonate sands. Two
distinct shelf areas are recognised, the Dirk Hartog Shelf in the north and the Rottnest Shelf in the south.
Collins (1988) has described the sediments and history of the Rottnest Shelf. The two shelves represent
seaward extensions of the two major Phanerozoic sedimentary basins fringing the western margin of the
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continent, that is the Carnarvon Basin and the Perth Basin, lying along the western margin of the yilgarn
Craton and separated from it by ancient faults.

Both basins have great depths of sediment, mainly marine, and the process of deposition is on-going,
forming coastal plains along the western margin ofthe continent. During the Pleistocene there was a series
of marine transgressions and regressions across the surface ofthe coastal plains relating to the global cycle
of interglacial and glacial conditions and changing sea levels. The succession of marine and wind blown
sediments resulting from these events left remnants along the coastal lands ofboth basins and on the seabed
along the inner part of the continental shelf.

In the last interglacial period ofthe Pleistocene, when sea level was close to it5 present position, an
extensive dune system was formed along the coast which was subsequently consolidated to produce an
aeolianite known as the Tamala Limestone. Today this limestone and its associated quartz sands form ridges
of coastal limestone and chains of elongate ridges on the seabed offshore. Interfingered with the Tamala
Limestone at many locations along the centnl part of the West Coast, is a coral reef and shell limestone
known as the Rottnest Limestone, also deposited in the Late Pleistocene. Superimposed upon these
Pleistocene limestones there is usually a thin veneer of Holocene sands (safety Bay and Becher sands)
which may or may not be stabilised by vegetation.

Thus, the shores along much ofthe West Coast, particularly its southern section, essentially comprise a
narrow ribbon of medium to fine, calcareous sandy deposits ofHolocene age abutting or overllng
Pleistocene limestones. Regional and local heterogeneity of coastal landform has been produced by
variations of physical forces acting on the accumulation of these sediments. S earle et al. (1988) and
Semeniuk el a/. (1989) have identified several discrete geomorphic units of the coast according to the
chancter of their sediments.

There are four important exceptions to this generalised account ofthe West Coast:

i) At the northern end ofthe sector marine Miocene limestones dominate the coastal geology.
Pleistocene and Holocene limestones and sands form a surficial cover along most of the shore but the
Miocene limestones outcrop along the shore at sevenl locations as far south as Red Bluff (Map IV-2).

ii) At Shark Bay there is a wide surficial sheet of Pleistocene and Holocene dune deposits accumulated on
low anticlinal ridges ofTertiary limestone on the western part ofthe Carnarvon Basin (Playford,
1990). The western dune ridges have consolidated to form the Tamala Limestone as elsewhere along
the West Coast but this is a high energy shore and the limestones have eroded and formed continuous
high cliffs. The sea has invaded behind the western barrier dune ridges and flooded the lowJying land
behind producing the vast, sheltered shallows of Shark Bay and Hamelin pool.

iii) At Kalbarri near the boundary between the Carnarvon and Perth Basins, the Tumblagooda Sandstone
of Silurian age outcrops at the coast forming high cliffs.

iv) At the southern end ofthe Perth Basin, an outlier ofthe Yilgarn Craton known as the Leeuwin Block,
consisting mainly ofProterozoic gneissic rocks, forms the extreme south western margin ofthe
continent separated from the Perth sedimentary basin by the Dunsborough Fault.

Wth this geological background, the Working Group has recognised 12 major distinctive coastal tlpes along
the seaward shores, as the first step in the selection of a representative marine reserve system on the West
Coast, according to the methodology described in Part I. From north to south these are as follows (see Index
io Maps IV).

7. Ningaloo Reef. The coast from North West Cape to Gnarraloo Bay is formed mostly ofPleistocene
limestones and Holocene sands superimposed on the margin ofan anticline ofMiocene limestone.
There is a protective barrier-fringing coral reef of great complexity and with a species-rich coral reef
community. This is one ofAustralia's major coral reefststems. The reefis almost continuous and off-
shore in the northem part but becomes an inteffupted fringing reef in the southern part. There are no
rivers in this sector although a number ofseasonal storm creeks dnin into the lagoon from the arid
hinterland.
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7.

8 .

9.

Rd Bluff to Point Quo66a . This is a high energy, rocky shore with low to high Pleistocene or
Miocene limestone cliffs exposed to the westerly winds and swells. There are two semi-sheltered bays
behind (east o0 Red Bluff and Cape Cuvier respectively. Narrow intertidal rock platforms are
dominated by algal growth. There is a small coral reef in a small impounded lagoon behind a
protective limestone reefat Point Quobba.

Western shores ofthe Shorh Bag outer islaruls aml Eilel Lanl Peninsula (Zuyttlorp Cliffs). These
are high energy, rocky shores with high Pleistocene limestone cliffs exposed to westerly winds and
swells. Narrow intertidal rock platforms are dominated by algal growth. There are some coral colonies
in tidal pools but no coral reefs except at the sides of the channels between the islands where there is
less wave action.

Eostetn shores of Shark Ray-Hamelin Paol. The eastern side of Shark Bay is a low energy shore of
low relief with a mono-species mangal, wide tidal and supratidal flats, and a very large offshore
carbonate bank. The extreme southern portion bordering Hamelin Pool is hypersaline and has
extensive growth of stromatolites. IVo major seasonal rivers (Gascoyne and Wooramel) enter the sea
on this coast and have {ormed large deltas.

Innn inlets anil pminsulas of Shark Bag-Hamelin Pool. The sheltered shores within Shark Bay
consist of narrow beaches and low Pleistocene limestone or sandy cliffs. Seagrass meadows and
carbonate sand banks dominate the sublittoral zone. There are no coral reefs. Some inlets are
hypersal ine.

Kalbati . This is a short stretch of coast of moderately high energy with high Silurian sandstone cliffs
which are strongly bedded and terraced. The intertidal rock platforms are dominated by algal growth
and there are no coral reefs. The Murchison River enters the sea here and has a small estuary.

Abmlhos. This is an off-shore, shelf-edge unit comprising a series of coral limestone platforms and
islands with prolific contempolary coral reef development. Seaward margins of the platforms are algal
dominated with extensive growth of kelp in ihe sublittoral zone. Coral reef development occurs on the
leeward margins and in the channels. There are intertidal rock platforms and some seagrass meadows.
This coral reef complex is an outlier of the Indo-West Pacific coral reef province. It is one of
Australia's most significant coral reef systems and is very different in structure and species
composition to the Ningaloo Reef.

Kalbart b Port Darrr'son. The shore is of moderate energy and is relatively straight with sandy
beaches and occasional Pleistocene limestone headlands and offshore reefs. Small parabolic dunes
abut and in some places overlie the coastal limestones. Kelp dominates the sublittoral zone on the
limestone reefs. Seagrass meadows are moderately developed in sheltered lagoons and banks. Small
and species-poor coral reefs occur at several localities. The coast features Late Pleistocene fossil coral
reefs and a number of small estuaries (Chapman, Irwin and Greenough Rivers).

Port Denison to Whitfords -The shore is similar to that north of Port Denison but there is extensive
development ol offshore limestone reefs protecting elongate lagoons and more frequent small
limestone islands. There are large erosional scallops into the coastal limestones as well as discrete,
accretionary cuspate forelands. Wide intertidal rock platforms are developed below the larger
limestone headlands and around some ofthe islands. Kelp dominates the sublittoral zone on the
limestone ridges. Seagrass meadows dominate the lagoons and bank behind the protective offshore
reefs. There are no coral reefs although coral communities are common in sheltered lagoons. There
are two small estuaries (Hill and Moore Rivers). Semeniuk el a/. (1989) distinguished two coastal
types within this sector, based on dune structure and sedimentation details, with the boundary
between them located at Wedge Island.

Whitfonls to Bunbury. This sector has a range of coastal types and complex near-shore bathymetry
with prominent sublitioral limestone ridges parallel to the coast, two major embayments with deep
basins (Cockburn and Warnbro Sounds), many small, offshore emergent rocks and three large
limestone islands (Rottnest, Carnac and Garden) , and three large estuaries (Swan, Peel-Harvey and
Leschenault). The open ocean shores have moderate exposure to wave action and consist of long sandy
beaches and some cliffed limestone headlands with wide. algal dominated, intertidal rock platforms.

10.
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Kelp dominates the sublittoral zone on the limestone ridges. Seagrass meadows dominate the
sublittoral zone in the offshore inter-ridge lagoons. There are no coral reefs although coral
communities are common and there is extensive grwfth ol Pocillopora damicornis in sheltered
situations at Rottnest Island and the reefs offWhitfords. Semeniuk e/ a/. (1989) distinguished two
coastnl t).pes along this coast, based on dune structuye and sedimentation details, with the boundary
located at Cape Bouvard.

11. Cngraphe Bay- The coast from Bunbury to Dunsborough is a wide, arcuate, north-facing
embayment. It is a low to moderate energy shore consisting mainly ofbeach fronted by gently sloping
shallows and backed by a Holocene dune system. Long-term Holocene sediment accretion has resulted
in outward growth of the shore face and development of successive beach ridges which have blocked
natural drainage from the hinterland, forming fresh to brackish lagoons behind the ridges. The seabed
is dominated by very extensive seagrass meadows and rock substntes.

\2. The Leeuwin Block. The south west corner of Western Australia is formed by a north-south aligned,
elevated block of igneous rocls representing an outlier of the Proterozoic Yilgarn Craton, projecting
north and south as Cape Naturaliste and Cape Leeuwin respectively. Its eastern boundary is the
Dunsborough Fault marking abrupt changes of geology and coastal type at Dunsborough and Flinders
Bay. The western face of the Ridge is a high energy shore with arcuate sandy beaches between high
gneissic rock headlands. The lower intertidal and sublittoral zones are dominated by kelp. The
gneisses do not erode to form rock platforms but there are boulder shores and large tide pools in
sheltered places. In some areas Pleistocene dune limestone overlies the gneisses and may be eroded to
form steep cliffs with flat intertidal rock platforms at sea level, comparable to those of the central west
coast. On the leeward (eastern) sides of Cape Naturaliste and Cape Leeuwin there is less exposure to
ocean swells and more sheltered conditions orevail.

Eshnries
In addition to the above major distinctive coastal types along the seaward shores of ihe West Coast, there is
a number of estuaries.

The two large seasonal rivers entering the eastern side of Shark Bay form large dellas but not estuaries.

The most northerly estuary on th€ West Coast is that of the Murchison. From there southwards to the Moore
River there is a series of small estuaries. Most of the rivers have the bulk of their catchments in the semi-
arid hinterland or are very short with small catchments. The Murchison Estuary is of the riverine type (that
is the tidal waters flood the lower reaches of the river channel and there is no wide basin develooment) and
it is permanently open to the sea although there is an entrance bar. The Hutt, Bowes, Buller, Chapman,
Irwin and Hill Estuaries are also of the riverine type but they are seasonally closed. Estuaries of the
Greenough and Moore Rivers are of the lagoonal type and are seasonally closed. Very little is recorded of the
flora and fauna of these central West Coast estuaries but, given the small size and seasonally closed
condition of most of them, it is unlikely that they possess diverse communities. The possible exception is
the Murchison which warrants study.

0n the lower West Coast there are three large estuaries, the Swan, Peel-Harvey, and Leschenault, all of
which are permanently open to the sea. The Swan and the Peel portion of the Peel-Hawey have wide basins.
The Harvey portion of the Peel-Harvey Estuary and the Leschenault Estuary are large, elongate basins
formed in interbarrier depressions (ie. between Pleistocene limestone ridges). The rivers which serve thes€
estuaries have rather large catchments within a moderately high rainfall zone. Their annual salinity cycles
are extreme in that they flood with sea wat€r (at l€ast in their lower reaches) during the dry summer
months and are scoured with fresh water during the winter rainy season. For this reason they are somewhat
inhospitable habitats for aquatic organisms and their flora and fauna are depauperate. Nevertheless, in
summer they are significant nursery areas for a number of marine fishes and crustacea and support
important commercial and recreational fisheries. They are also very important feeding areas for migratory
wading birds. All three of these large estuaries currently suffer from eutrophication of varying severity.
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1.2. Ma?inc flora and fauna

Scientific study of the marine environment of Western Australia's West Coast began before European
settlement. The Baudin Expedition of 1801-03, sponsored by the French Academy of Science, made
extensive collections of marine fauna along this coast, most notably in Shark Bay. Following establishment
ofthe Swan River Colony by the British nearly thirty years latet additional material was supplied to
European scientists . The German Gazelle expedition in 1874-76 visited Shark Bay and collected marine
specimens including some corals (Studer, 18?8) and in 1894 fisheries biologist W. Saville-Kent collected
and studied corals at Shark Bay and the Houtman Abrolhos (Saville-Kent, 1897).

In the 20th Century, marine research intensified on the West Coxt, following establishment of research and
tertiary education institutions at the metropolitan centre of Perth. The State Fisheries Department and the
CSIRO Divisions ofFisheries and Oceanography established marine research laboratories in Perth. A
considerable body ofinformation has now accumulated on physical and biological features ofthe West Coast
marine environment.

North West Cape and Cape Leeuwin are points where significant changes in coastal marine flora and fauna
take place. The changes are a consequence of several interacting factors including climate, geomorphology
and physical aspects of habitat, ocean currents, and geological history. Between these capes the West Coast
is a zone of overlap between two biogeographic provinces, the tropical Northern Australian Region and the
temperate Southern Australian Region (Wlson & Cillett, 1971; Wlson & Allen, 1987).

On the North West Shelf north-east of North West Cape the marine flora and fauna are wholly tropical (see
Parts I and III). Biogeographically that area belongs to the Northern Australian Region which is a sub-unit
of the vast tropical Indo-West Pacific Region. In stark contrast, the southern coast east of Cape Leeuwin
belongs to the temperate Southern Australian Region and has a very different flon and fauna (see Parts I
and V). The differences are due not only to contemporary environmental conditions but also to the different
geological histories of the two regions (Wlson & Allen, 1987). The northern (tropical) and southern
(temperate) floras and faunas have had different evolutionary origins.

Along the West Coast the tropical marine flora and fauna give way to temperate species and many species
reach their limits of range. Coral reefs and mangals, the two ecosystems which most characterise coastal
zones of the tropics, flourish on the Pilbara coast but dwindle away down the West Coast. In the vicinity of
Fremantle on the central West Coast the composition of the marine fauna is almost balanced between
tropical and temperate species, with temperate species slightly more numerous.

The extent to which tropical species and tropical ecosystems penetrate to higher latitudes on the West Coast
is apparently very sensitive to climatic and oceanographic changes. The central section of the West Coast
has been subject, through the Pleistocene Period, to oscillations in climate and, consequently, in the
balance of tempente and tropical flora and fauna. During warmer Pleistocene interglacial periods, the
tropical zone (and the Northern Australian Faunal Region) extended much further south than it does today
(Kendrick et al. , 1991). For example, although the Abrolhos is the present limit of coral reef development,
there are Late Pleistocene fossil conl reefs as far south as Rottnest Island.

There is also evidence that in contemponry times the West Coast is highly dynamic in respect of marine
species distributions. For example, some tropical species offish, echinoderm and mollusc, having
planktonic larvae capable ofwide dispersal by ocean currents, are known to occasionally establish
populations at southern locations within the tempente zone, far beyond the "normal" limit oftheir ranges.
The warm, southerly-flowing Leeuwin Current carries the larvae of tropical animals from the north which
may establish populations at places such as the West Dnd of Rottnest Island and Cape Naturaliste (Hutchins,
1991). Dispersal ofsome tropical animals even extends around Cape Leeuwin and into the Great Australian
Bight in years when the Leeuwin Current flows strongly (Maxwell & Cresswell, 1981). Some of these
outlying, southern populations appear to be "permanenf' and capable of reproductively sustaining
themselves (eg. the cowry Cgpraea caputserpentis at Rottnest). Others appear to be transient and incapable
of reproduction in these cooler southern conditions, depending on constant replenishment from the north.
But the Leeuwin Current is erratic from year to year so that southern populations of tropical species with
short life-cycles are highly unstable and subject to periodic local extinction.
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Although communities of marine plants and animals on the West Coast mostly comprise a mixture of
northern (tropical) and southern (temperate) species, there is an endemic element as well. Examples are the
Western rocklobster (Panulints cggnus) and the Dhufish (Glaucosoma hebrarcum). Some of these
endemics are strictly confined to the West Coast. Others extend onto the South Coast beyond Cape Leeuwin.
The origins of these endemics are varied. Many of them appear to be Pleistocene derivatives lrom Indo-West
Pacific genera, perhaps arising from populations isolated by oscillation of climate. Others are relicts of the
ancient faunas of the Tertiary. In the latter category is the gastropod Campanile sgmbolicum , the sole
living survivor of the family Campanilidae which flourished in the tropical Sea of Tethys during the Tertiary.
This "living fossil" is a conspicuous species in the intertidal and shallow sublittoral communities of the
south-west coast.

This situation of progressive change from one major biogeographic province to another along a two
thousand kilometre stretch of coast is relevant to the resewe selection process in that seemingly similar
habitats located a few degrees of latitude apart are likely to support communities of quite different species
composition. For a reserve system to approximate "representativeness" it is necessary for it to include a
series of reserves along the length ofthe coast that, together, represent the transition from the tropical to
temperate biota.

It must be emphasised that resewation of an area close to the geographical limit of a tropical species or
community does not guarantee its long-term protection if it depends on recruitment by means of dispersal
from populations in unprotected "upstream" areas. This relates to the inter-connectedness of marine
ecosystems discussed in Part I. In this situation marine reserves are not, by themselves, enough and must be
complemented by strong environmental protection measures for the whole coast.

An account of certain marine community types of special significance on the West Coast follows.

Corals and Coral Reefs
The transition from tropical to temperate biota along the West Coast is no better illustrated than by the
distribution of corals and coral reefs. Hatcher (1991) has discussed the importance of the Leeuwin Current
in establishing and maintaining the coral reefs of the West Coast.

At the extreme northern end of the West Coast, just north of the Tropic of Capricorn, is Ningaloo Reei one
ofAustralia's most significant coral reef systems. It is about 260 kilometres long and is part barrier reef and
part fringing reef, with a wide range of coral reef habitats and a high diversity of corals and associated
species. From this reef 217 species of hermatypic corals in 54 genera are recorded (Veron & Marsh, 1988).
Coral growth is luxuriant in many localities. The reefs are built on a Pleistocene limestone structure along
the western side of the Cape Range anticline. Their existence relates to the proximity of the continental
shelf edge in that area and the clear oceanic water with minimal terrestrial run-off. It is likely that the reef
community is constantly replenished by recruits delivered by the Leeuwin Current from outer reefs and
shelf-edge atolls of the North West Shelf.

There are no coral reefs in Shark Bay but coral communities are found in the channels between Bernier and
Dorre Islands and in South Passage. Wthin Shark Bay itself coral communities are poorly developed.

After Ningaloo the only major coral reefs on the West Coast are at the Abrolhos. These reefs comprise four
groups of islands and coral banks near the shelf-edge about 60 km offshore between latitudes 28" 16' and
29". Stokes (1846), who surveyed these waters, noted that ".. the Abrolhos, with the exception of Bermuda, is
the place farthest removed from the equator where coral formation is found." While later studies have found
that to be not quite accurate, it is certainly true that the Abrolhos coral reefs lie in exceptionally high
latitudes making them of great scientific interest.

Living corals flourish on the leeward slopes of the Abrolhos reef platforms with a diverse coral fauna. A total
of 184 species of coral belonging to 42 genera are so far recorded (Veron & Marsh, 1988). The modern coral
reefs of the Abrolhos grow as a veneer on a foundation of Late Pleistocene coralline limestone. They are less
extensive than their Late Pleistocene antecedents. During that time there was coral reef development along
the seaward edges of the platforms but today those areas are dominated by th e kelp Ecklonia (Wlson &
Marsh, 1979) and reef development is confined to the leeward slopes and the sides of the channels and "blue

holes". The oceanographic and climatjc factors which sustain these unusual reefs are discussed by Collins
et al. (7997\ and Hatcher (1991).
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Some tropical coral species which are tolerant of cooler conditions maintain populations as far south as
Cape Naturaliste (a few even beyond that) but they occur as isolated colonies and do not form "coral reefs,'.
Tabular corals of th e ge ts Acropora, usually dominant among the reef-building species in the tropics, are
particularly abundant at the Abrolhos and occur as isolated colonies as far south as Jurien Bay, mostly in
lagoons between offshore limestone reefs. A bnnching corz,l, Pocillopora dambomis, isvery eommon in
dense colonies at many localities on the West Coast as far south as Rottnest Island. Massive conls of the
genera Faoites, Goniastrea and, Turbinaria are afeatrre of sheltered bays at least as far south as Cape
Naturaliste. In Geographe Bay, on the leeward side of Cape Naturaliste, fourteen species of corals belonging
to seven genera are recorded living on the rocky sea floor among seagrasses and small macroalgae.

Mongroues
Mangal habitat is well developed in the northern half of the West Coast sector although the number of
species of mangrove tree is greatly reduced in comparison with the Pilbard coast. In the extreme north of
the sector in the Ningaloo Marine Park three species of mangrove, Auicennia marina, Rhizophora stglnsa
and Bruguiera exaristata, forn small but important mangals. Further south in Shark Bay there are
extensive mangals but they are solely luicennia. Small, remnanlAaicannia mangals also occur at the
Abrolhos and in Leschenault Inlet. The decline ofthe mangal ecosystem from north to south in the West
Coast transition zone matches closely that of coral reefs.

Seagrasses
A general description of Westem Australian seagrasses and seagnss meadows is given in Part I, Section
3.7.4. In the southern part ofthe State seagrasses form conspicuous ecosystems. Seagrass meadows
comprise one of the most importnnt marine ecosystems in the region. They usually have a very lar6le
biomass and may stretch without interruption for many kilometres along the coast.

Seagrass meadows provide habitat for a large number of other organisms and play an important part in the
food webs and cycling of nutrients of coastal waters (see Part I, Section 3.7.4). In the southern portion of the
West Coast they have great commercial significance because oftheir importance to the western rock lobster
fishery. Following their planktonic development, rock lobsters at the pueyulus developmental stage settle on
reefs near seagrass meadows. Adult rock lobsters forage in nearby seagrass meadows, feeding on detritus,
plant material and associated fauna (Joll & Phillips, 1984).

Within the boundaries of the West Coast sector there are 22 species in nine seagrass genera (Kirkman &
Walker, 1989). Six of the species are regarded as tropical while the others are temperate to cool temperate
species. The dominant genera of the southern West Coast seagnss meadows are Posidonia and, Amphibolis-
The dominant species is Posidonia sinuosa.

Southern Western Australia could be said to be the centre of distribution of the genus Po.ridonia with eight
species in the region, reducing to one east ofSt Vincent Gulf in South Australia and one north of Shark Bay.
Amphibolis is rcpresented by two spe cies - A. griflithii,which nnges from Kalbarri to South Australia and A.
antarcticawhich ranges ftom Exmouth southwayds and east to Bass Strait.

Generally, the seagrass meadows of the West Coast south of Shark Bay grow in lagoons within a sheltering
coastal reefsystem, mostly at depths fyom low tide level to 20 m. Most species and the densest meadows
grow on soft, sandy substrata on shallow bank between reefs. Species of two genera grow on rocks and one
of these, Thalassodatdron pachgrhrizum, is only found on rocky substrata. Both this species and
Amphibolis antarclr'ca grow down to depths of30 m where there is suitable substrate.

Uniike other parts ofAustralia, estuarine seagrasses are rare in southern Western Australia because most of
the estuaries are small and subjected to wide seasonal changes in salinity. There are usually bars across their
entrances which restrict exchange ofwater with the sea. The main exception to this is the Swan Estuary
which has quite extensive seagrass meadows consisting of Zostera mucronata and Halophila sp. in its lower
reaches.

Seagrass meadows may be hundreds of years old. They are occasionally disturbed by high intensity storms
which "blow out" the seagrass. The original seagrass vegetation of the blowout areas, usually predominantly
Posidonia sinuosa, may be subsequently revegetated by other species, such as Ilaterozostera tasmanica,
Halophila or Ampfubolrs, but these are less able to withstand storms and the blowouts become areas of
considerable change. The original Posidonia sinuoso association may take tens of years to r€turn, if it does
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at all (Kirkman and Kuo, 1990). The decline of seagrass beds in Cockburn Sound has been described by
Cambridge & McComb (f984).

Algae anil Algal Beds
A general description ofWestern Australian algae and algal beds has been given in Part I, Section 3.7.3. The
algal flora of the warm temperate coast south of the Abrolhos is very diverse, although this element of the
Western Australian flora has been little studied. There is even less information about the marine algae of the
northem shores of the West Coast but it seems that the tropical zone is not rich in taxa. The most
comprehensive studies of West Coast algae have been done at Rottnest Island (Huisman & Walker, 1990)
and Shark Bay (Kehdrick el a/., 1990).

Seaweeds are most conspicuous on the fringing rock platforms and inshore rocky reefs along the southern
West Coast. The small kelp Ecklonia radlalc is the dominant species, at least in the southern part of the
West Coast south of Kalbarri and the Abrolhos. Sargassum species are also important in terms of biomass
during the warmer months ofthe year (Kirkman, 1984). Beds ofthese algae may dominate rocky habitats in
the shallou sublittoral zone along the West Coast but there is no development of massive algal beds on the
scale ofthose seen in the cool temperate areas ofsouth-eastern Australia.

Many species ofgreen and red algae make up a high diversity in algal bed ecosystems on rocky shores. Many
also grow as epiphytes on seagrasses (Kendrick et al., 1988) and these may make up a high proportion of the
biomass in seagrass meadows, particularly when the dominant seagrass is,4mpftl6olzs. The epiphytes on
Amphibolis can make up more than three times the biomass of this seagrass.

The distribution of most of the seaweeds found between North West Cape and Cape Leeuwin is not known.
North of Ceraldton there appears to be a transition from the southern temperate flora to a tropical one,
comparable to distribution patterns described above for marine fauna. The effects of sea temperature and
ocean currents on the distribution ofalgae on the West Coast have been described by Walker (1991).

In the temperate waters ofthe southern West Coast there are not many herbivores which feed directly on
algae. The most notable are two species of the fish genus Kwhosus (Buffalo Bream), one ofwhich feeds on
brown algae while the other feeds on a variety of red algae. Probably the most important role played by algae
in coastal ecosystems is the production of detrital material for nutrient recycling. Organic detrital material
from algal beds is a major element in the food of rock lobster along the West Coast (Joll & phillips, 19g4).

Rochy Shorc Communities
Rocky shore habitats have been described in general terms in Part I, Section 3.7.2. T\,vo quite distinct types
occur on the west coast and there are significant differences in the invertebrate community b'pes
inhabiting them and the zonation patterns which they establish on the shore.

North of Cape Naturaliste rocky headlands between beaches and sandy bays are composed of limestones (or
sandstones in the case of the Iftlbarri sector) which are commonly eroded into near-horizontal rock
platforms in the intertidal zone. Limestone rock platforms are a significant feature of the West Coast.
Platforms eroded into the Late Pleistocene Tamala Limestone, the most common type, tend to be deeply
notched along their inner margins between high and low \,vater levels, and have a distinctive vertical
zonation ofbenthic invertebrates and algae. The strongly bedded Silurian Tumblagooda Sandstone at
Kalbarri tends to be terraced below the sea cliffs and zonation patterns are different.

Zonation of flora and fauna on intertidal rock platforms eroded into Tamala Limestone has been describeo
in detail at Rottnest Island by Hodgkin et at. (t9s9l andatcarnac Island by Marsh & Hodgkin (1962).
Similar species communities and patterns of intertidal distribution occur on limestone roik platforms at
least as far north as Geraldton. Little is known of the equivalent rocky shore faunas further north but it may
be assumed that temperate species are replaced by tropical ones.

In the south along the Naturaliste-Leeuwin coast, rocky shores are predominantly constructed of
Proterozoic gneissic rocks with rounded boulders and relatively smooth rock sloies, although there are
areas where limestone rock platforms overlay the igneous-metamorphic base. The gneissic Jhores lack
development of rock platforms. In sheltered areas, particularly on the northern sides of rocky headlands,
boulder fields and large pools provide rich habitats for a diverse flora and fauna. There has been no detailed
study on their flora and fauna or on the zonation Datterns ofthose shores.
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Marine Mommols
The Australian Sea Lion (Neophoca cinerec) is sparsely distributed from the Abrolhos to South Australia
with a total population ofprobably less than 5 000. It is declared to be a specially protected species under
the Westem Australian Wildlife Conservation Act. The West Coast population numbers about 1 000 animals.
Most of the limestone islands with lee side beaches, from the Abrolhos to Shoalwater Bay, are used as haul-
out sites by the sea-lions. Breeding mlonies occur on the Abrolhos, the Beagile Islands, North Fisherman
Island and Buller Island. The largest breeding colony is on the Beagle Islands. On the West Coast the sea-
lion has a 17-18 month breeding cycle that is not synchronous among the breeding colonies (Gales et al-,
1992). The long-term security of this animal on the West Coast is questionable. Most of the haul-out sites
and the breeding colonies are subject to increasing human interference and there is some question about
increasing competition between humans and the sealions for food resources.

There is a significant population ofthe Bottlenose Dolphin (Tursiops truncalus) along the West Coast
although the population size is unknown. These animals frequently interact with humans and do so
regularly at three West Coast localities, Monkey Mia in Shark Bay, Shoalwater Bay and Bunbury.

'I\^,o species ofwhale, the Southern Right Whale (Eubalaena australis)and the Humpback (Megaptera
nouaeangliae) also frequent the shores of the West Coast. Since the cessation of commercial whaling both
species appear to be recovering from their earlier perilously low numbers. The Right Whales breed in
sheltered bays ofthe south west coast. The Humpbacks pass by twice a year on their migrations between
their summer Southern Ocean feeding grounds and their winter North West Shelfbreeding areas. The
migrating pods of Humpback have already attracted attention from the tourist industry as they make an
attractive spectacle when they pass close enough to shore to be approachable.

1.3. Tourist potential

Marine-based tourism is well established on the West Coast. There are a number of cities and large
provincial towns on this coast, often near significant coastal and estuarine attractions. There are five marine
parks already declared within the region. Ningaloo Marine Park is recognised as a major recreation and
tourism resource in the north west ofthe State. Commercial tourism activities associated uith the park
form a significant part of the local economy. Shark Bay Marine Park is part of a World Heritage Area.
Marmion and Shoalwater Islands Marine Parks service the urban population of the Perth metropolitan area.
In addition, management authorities have been established for the Peel-Harvey and Leschenault Inlets
which are extensively used for recreation. All of these areas are destined to become increasingly important
tourist and recreational destinations.

1.4. Fisheries

The section of coastal waters between North West Cape and Cape Leeuwin supports the majority of Western
Australia's commercial and recreational fishing activities.

The western rock-lobster (Panulirus cygnus) fishery is the laygest and most important of the region's 14
marine and three estuarine commercial fisheries. The annual average catch of 10 500 tonnes is worth in
excess of $240 million. The majority of the fishing takes place between Kalbarri and Mandurah and out to a
depth of 160 m.

The most important prawn and scallop trawl fisheries are concentrated in Shark Bay, primarily in the area
east of Bernier and Dorre Islands. Further south, the Abrolhos Islands and Mid-west Trawl Fishery and the
South-West Inshore Trawl Fishery also take western king prawns and saucer scallops.

One ofthe more importnnt West Coast finfisheries is the Shark Bay Snapper Fishery. This extends from
Shark Bay to the southern boundary of the Ningaloo Marine Park. The fishery takes an average annual catch
of 520 tonnes. Another important fishery is the West Coast Purse Seine Fishery which targets mainly
pilchard and scaly mackerel. Sharks and demersal finfish are also widely targeted by gillnet and longline
operators off the West Coast. In more protected, inshore waters, such as the southern parts of ShaYk Bay and
off the Perth metropolitan area, beach-seining and mesh-netting for a variety of finfish support a number of
vessels.
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Roe,s abalone constitutes an important fishery along the lower West Coast. Other invertebrate fisheries
include mussel culture in Geographe Bay and Warnbro and Cockburn Sounds, blue manna crab fishing in

Warnbro Sound, deep water crab fishing on the outer shelf, and octopus fishing

The Swan-Canning, Peel-Hawey and Leschenault estuaries each support long-standing, limited entry
fisheries, with 11, 27, and 11 operators respectively. They took a total catch of 458 tonnes in 1991. The key
target species include sea and yelloweye mullet, cobbler, whiting, blue manna crabs and prawns.

Recreational fishing is a popular activity on the West Coast. Key target species include western king and
school prawns, blue manna crabs, abalone, rock lobster and avariety offinfish, notably Australian herring,
Australian salmon, tailor, whiting, snapper, and WA jewfish. A major review of Western Australia's
recreational fisheries was conducted in the late 1980s resulting in the publication of the document "The

Future for Recreational Fisheries - Issues foY Community Discussion" (Fisheries Department, 1990).
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2. EXISTING MARINE RESERVES

On the West Coast five Marine Park and one Marine Nature Resewe have already been declared under the
CALM Act, and one marine resewe has been declared under special legislation. The Commonwealth National
Parks and Wldlife Conservation Act has been used to extend the boundaries of one of the State Marine Parks
(Ningaloo) seaward to include Commonwealth waters.

2.1. Ningaloo Marine Park (Map lV-f )
Area 224 000 ha.

Ningaloo Reef extending 260 km along the westem side of the Cape Range Peninsula is one ofAustralia's
major conl reef systems.

In its report, Consenation Resen)es in Western Australia, (1975, System 9), the EPA recommended that the
Ningaloo Reef Tract should be declared an aquatic reserve, vested in the National Parks Board. The EPA
recommended that the reserve should extend from North West Cape to Point Anderson and from 40 m above
high water mark to the 100 m isobath. The 100 m isobath is about 5 nautical miles offshore near North West
Cape but offPoint Anderson the continental shelf is much wider and the 100 m isobath is nearly 30 nautical
miles offshore.

The State Covernment formed a Working Group in 1978 which produced a draft management plan (May,
Lenanton & Berry, 1983). The plan included recommendations that the reserve be a marine park, that the
southern boundary be located at Amherst Point rather than Point Anderson, and that the park should extend
around North West Cape to include Bundegi Reef at the mouth of Exmouth Gulf. It also recommended that
the seaward boundary be set at approximately 10 nautical miles from shore rather than at the 100 m isobath
which was considered to be inappropriate. A 10 nautical mile seaward boundary encompasses
Commonwealth waters. The revised boundaries were proposed so that "the ecological integrity of the living
resources could be securedrr. The report added that "the area of sea and land within these boundaries
incorporates all major habitat types, would maintain the integrity of the proposed Marine Park as a viable
ecological unit and is necessary for holistic and integrated management." These recommendations were
adopted in principle by the State Government.

Following passage of the Conservation and Land Management Act 1984 with its provision for declaration of
marine park, and after further public consultation, the inner portion of Ningaloo Marine Park was gazetted
under State legislation in 1987. The outer portion was declared under the Commonwealth National Park
and Wldlife Conservation Act 1975 later in the same year.

Integrated management plans for the State and Commonwealth parts of the marine park were produced and
adopted in 1989 and are now in force.

Together with the adjacent Cape Range National Park, Ningaloo Marine Park has already become an
important recreational resource and a primary attraction for the tourism industry. Dive and Whale Shark
tours and fishing charters operdte from the towns of Exmouth and Coral Bay. An interpretive centre has
been established within the national park. Wth its rich and easily accessible coral reef and unique coastal
scenery, this reserve complex will certainly become one of the best known and most valuable conservation
reserves in Australia.

2.2. Shark Bay Marine Park (Map IV-2)
Area 748 735 ha

ln its report, Conseruation Reserues in Western Australia (1975, System 9) the EPA recommended that the
waters of Shark Bay be reserved for a range of purposes. Subsequently the State Government appointed a
consultative committee and an inter-departmental task force to carry out a regional planning study for
Shark Bay. The matter of marine reserves was one of the issues considered in that study. The final report,
the Shark Bay Region PIan was adopted by the Government in June 1988. It recommended declaration ofa
multiple-use marine park over much of Shark Bay, and a mayine nature reserve at Hamelin Pool. The Shark
Bay Marine Park was gazetted in 1990.
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Shark Bay is a very large, shallow embayment, open to the north, with narrow inlets separated by long,
slender peninsulas. It is the only major embayment on the West Coast between Exmouth Gulf and Cockburn
Sound. Bernier, Dorre and Dirk Hartog lslands form the western boundary ofthe bay. A summary of the
Bay's geomorphology is given by Playford (1990) and the hydrology by Logan & Cebulski (1970).

The seabed is typically composed of calcareous sands with vast areas of dense seagrass meadows. For the
most part the shores of the inlets are sand beaches although there are some rocky shores. The eastern shore
ofthe Bay, south of Carnarvon, has a very low profile backed by wide supratidal samphire flats, a fringe of
mangroves, and an enormous near-shore calcareous sand bank. Tidal sand flats and extensive subtidal sand
bank are a featurq of the bay. The sheltered, low energy shores of Shark Bay are recognised as major
distinctive coastal types in Section IV - 1.1 (western and central shores type 5; eastern shore type 4).

The seagrdss meadows and the calcareous sand bank of Shark Bay are among the world's most extensive.
These both provide habitats for rich communities of macrophltic algae, fishes and invertebrates.

Qther features of the marine environment with high conservation value include the most southerly resident
populations ofdugong and green turtle, the internationally famous Bottlenose Dolphins ofMonkey Mia, and
important nursery areas for several valuable recreational and commercial fisheries.

Shark Bay also has great historical significance, including for the history ofAustralian marine science. The
French "Baudin Expedition" of 1801-03 was a major scientific event of that period and Shark Bay was one of
its most important study areas. Shark Bay was also a principal site of the Cerman "Hamburg Expedition" of
1905. In recent years there has been renewed research activity in Shark Bay. A recent report of the France-
Australe Bicentenary Committee contains a collection of recent works and references to previous
publications (ed. BeT ry et a1., 1990).

Together with equally significant terrestrial values, the features of the Shark Bay marine environment are
considered to be of such importance that the whole area is now a World Heritage Area.

Management plans are being prepared for the marine and terrestrial resewes of Shark Bay by the
Departmenl. of Conservation and Land Management.

2.3. Hamelin Pool Marine Nature Reserve (Map lv-z)
Area 132 000 ha.

This marine reserve was declared at the same time as the Shark Bay Marine Park, and as a result of the same
planning and public participation processes. It is also included within the Shark Bay World Herjtage Area.

Hamelin Pool is the innermost of the Shark Bay inlets. Its waters are almost isolated from the rest of the bay
by a sill of sand across its mouth, that is the Faure Sill. As a result of isolation and the high evaporative
mtes, the water ofthe inlet is hypersaline. The inlet has an impoverished but highly specialised flora and
fauna.

The unique character of the Hamelin Pool marine environment has produced two features of immense
scientific interest. These features - growth ofstyomatolites and the development ofHolocene coquina
deposits - have been extensively described and discussed in the scientific literature (references in Logan &
Cebulski, 1970; Playford, 1980; Play'ford, 1990).

There is little recreational activity and no commercial fishing in Hamelin Pool. However, the stromatolites
and coquina deposits are an attrdction for visitors and inspection sites are provided.

A management plan is being prepared by the Department of Conservation and Land Management.
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2.4. Marmlon Marlne Park (Map lV-7)
Area 9 350 ha.

This park was gazetted in 1987. It is a heavily used marine reserve along the northern shores of the Perth
metropolitan area. It was originally recommended by the EPA in its System 6 report (1983, recommendation
M10). However, following an intensive public participation progrdm culminating in publication of the
proceedings ofa public seminar (Ottaway & Humphries, 1986), a larger reserve was declared than was
originally proposed.

The Marmion Marine Park is representative ofthe Whitfords to Bunbury sector, that is major distinctive
coastal tlpe 10. It features sandy beaches and Tamala Limestone rock platforms along the shore, backed by
Quindalup Dunes, and with a succession of near-shore limestone reefs. Marmion Reef is the largest of the
reefs, protecting a shallow area known as the Marmion Lagoon with extensive seagrass meadows and a series
of emergent rocks and submerged rock platforms. The reefs are deeply undercut and cavernous and there is
a rich wall fauna of invertebrates which provide a colourful underwater spectacle. Most marine plants and
animals in the park are of temperate origin but theye are some tropical stragglers, including a dozen or so
corals. Useful references may be found in Ottaway & Humphries (1986) and Moore (1987).

Marmion Marine Park is extensively used by recreational fishers. The sheltered waters, accessibility and
spectacular underwater scenery ensure that scuba diving is also a popular activity. Several commercial dive
and whale watching tours operate from the Hillarys Boat Harbour. The beaches between Trigg and Mullaloo
are popular swimming and suffing locations.

A management plan was approved in January 1992 (Pobar et al-,1992) and remains in force. It zones the
majority of the park for General Use. Three small areas are zoned as Sanctuary areas and one as a Recreation
area.

2.5. Swan Estuary Marine Park (Map lV-7)
Area 340 ha.

The entire Swan Estuary is a Management Area declared under the powers of the Swan River Trust Act 1988.
The marine park reserved and vested in the National Parks and Nature Conservation Authority, consists of
three separate, small areas of the Estuary. The reserve was gazetted in 1990. At the time ofwriting this
report the Department of Conservation and Land Management had begun preparation of a management
plan, in collaboration with the Trust.

The three parts ofthe marine park are located at Milyu on the South Perth foreshore (95 ha.), Alfred Cove
(190 ha.), and Pelican Point (40 ha.). They were the subjects of the EPA System 6 recommendations M60,
M61 and M62 respectively. They are all intertidal and shallow sublittoral flats and were reserved primarily as
habitat for migratory waterbirds.

2.6. Shoalwater |rlands Marine Park (Map Iv-7)
Area 6 545 ha.

The Shoalwater Islands Marine Park was declared in 1990 over the waters between Cape Peron and Becher
Point, encompassing Shoalwater Bay and Warnbro Sound. At the time ofwriting this report the Department
of Conservation and Land Management had begun preparation of a management plan.

The EPA System 6 report (1983) considered this area, noting the proximity of the educational and
recreational facilities at Cape Peron and its "high value in the teaching of ecological principles".
Recommendation 101.4 proposed that "a study of the area be commissioned by the Environmental
Protection Authority with the aim of establishing a Marine Reserve to be managed for the purpose of
conservation." The survey was duly carried out and the results published (Gordon, 1986).

The original area proposed for reservation included mainly the reef habitats off Cape Peron and surounding
the limestone islands and rocks extendinA southwards to The Sisters off Becher Point. After further
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consideration, the marine park was declared over a larger area so as to include the extensive seagrass
meadows and the deep basin ofWarnbYo Sound.

The reefareas are t),pical ofthe West Coast near-shore systems ofthe Whitfords to Bunbury sector identified
in Section 1.1 as distinctive coastal type 10. They are rich in macroalgae and benthic inveftebrates and
provide habitat and refuge for a wide variety of reef fishes. The reefs are deeply undercut and cavernous and
there is a colourful wall fauna of suspension-feeding invertebrdtes. In these respects the reef habitats of this
park are similar to those of the Marmion Marine Park. However, the wide sandbanks with dense seagrass
meadows (especially near Point Mersey and Becher Point) and the deep central basin of Warnbro Sound are
distinctive features.

The Warnbro Sound basin is similar in origin and character to that of Cockburn Sound, with a mud bottom
at 15-20 m depth and steep sides. The Cockburn Sound basin has a distinctive benthic fauna (Wilson et al.,
1978) but that ayea is novr polluted by heavy industry. Although it has not been suweyed in detail there is
evidence that the Warnbro Sound basin has similar benthic communities (Wilson, unpublished
information). It remains the only pristine habitat ofthis tlpe on the West Coast.

The islands and rocks in the park are important seabird nesting sites. Of particular significance is the Little
Penguin rookery on Penguin Island. Australian Sea-lions also use some of the islands as haul-out and resting
areas. Both these animals feed within the marine park and th€re is some question whether they are
competing with recreational and commercial fishing for the same resource.

Recreational fishing is a popular activity within the marine park. The sheltered waters and clean sand
beaches are also popular swimming, sailing and diving areas. Commercial boat tours operate among the
islands. The hinterland of this area is quickly becoming urbanised and the intensity of recreational use of
the park is rapidly increasing.

2.7. Rottnest lsland Reserve (Map lV-7)

This reserve includes the waters surrounding Rottnest Island for a distance of 800 m offshore. The aquatic
reserve wai declared as part of the Rottnest Island Reserve under the powers of the Rottnest Island Authority
Act 1987, and includes the waters, seabed and subsoil. The purpose of the reserve includes public recreation
and protection of flora and fauna and the natural environment. It is managed by the Rottnest Island
Authority in collaboration with the Fisheries Department.

Although the marine part ofthe Rottnest Island reserve is neither a Marine Park nor a Marine Nature
Reserve, it serves the same purposes and must be considered to be part of the State marine reserve system.
However it is unclear whether it is subject to Government policies on marine parks and reserves in respect
of mining, petroleum exploration and other activities.

Reservation of the waters around Rottnest followed a recommendation (C45) of the EPA's Systenr 6 report of
1983. The recommendations actually proposed:

"C45.2 That the EPA commission a study of the waters off Rottnest Island, especially those from (and
including) Eagle Bay to Fish Hook Bay and from Salmon Point to Phillip Rock, with the aim of establishing
Marine Reserves to be managed for the puruose of scientific research and education."

"C45.3 That, subject to the implementation of C45.2, management plans be prepared for the Marine
Reserves."

The intent ofthe EPA recommendation was that the two marine areas identified as being ofparticular
interest should be managed for the purposes of scientific research and education. The appropriate reserve
category to match those purposes would be Marine Natuye Reserve. However, the same management control
could be achieved by zoning areas for scientific and education purposes under the proposed management
plan. Although the Rottnest Island Authority Act has no provisions for zoning controls the Authority has
sufficient powers to declare areas for specific purposes and to regulate accordingly.
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Bradshaw (1990) published a lengthy bibliography ofRottnest Island. Geomorphologically, the Island is
representative of the major distinctive coastal b,pe identified between Whitfords and Bunbury (tlpe 10). The
marine environment is characterised by limestone shores, with cliffs and intertidal rock platforms, and
sandy beaches in the bays between the headlands. The near-shore areas have complex limestone reef systems
which are deeply undercut and cavernous. The rock platforms support a rich invertebrate fauna (Hodgkin
el a/., 1959) which has been the subject of research and teaching programs by the University of Western
Australia and other educational institutions for many years. Features ofparticular interest include the
presence of a number of tropical species on the rock platforms at West End and a "reef' of the coral
Pocillopora damiconzs at Parker Point. There is a rich flora of marine algae which has a close affinity with
the marine flora of southem Austrdlia but includes a tropical element (Huisman & Walker, 1990). The reefs
ofRottnest are the type locality of many species of algae. At the eastern end of the island there are extensive
seagrass meadows. It is for these reasons that the EPA identified these areas as having particular interest
making them worthy of reservation for research and education.

Rottnest Island is an extremely valuable recreation and tourist resource. As well as general recreational
activities it has great value as a site for environmental education, as noted by the EPA. This applies to both
the terrestrial and the marine environment. Balancing the need for public access to the natural resources of
the island and its waters \,vith the need to ensure adequate environmental protection is no easy task. The
living marine plants and animals and their habitats at West End and the south eastern end of the island
identified by the EPA as having particular importance are particularly vulnerable to human interference.
The Working Group considers that providing special protection through zoning for those areas is both
necessary and urgent.
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3. RECOMMENDATIONS FOR MARINE RESERVES ON THE WEST
coAsT.

As with other Parts of this report, the first division ofthe West Coast for the purposes ofreserve selection
was based on recognition of major distinctive coastal tlpes using geomorphological criteria. A total of
twelve t),pes was recognised (see IV.1.1). Marine and estuarine habitats chancteristic of each coastal t pe
were then considered, as far as they were known. The objective was to select areas as candidates for
reservation which contain the greatest variety and best examples of the characteristic habitats of each
coastal type. Superimposed upon this was consideration ofthe transition from tropical to temperate flora
and fauna from north to south along the coast. Also taken into account were conservation and recreation
features ofspecific value such as Sea Lion breeding sites and outstanding underwater scenic areas for use by
recreational divers and commercial dive tour operators. The existing marine reserves were considered as
well as the new areas proposed in this section as worthy of consideration for reservation so that the reserve
system as a whole will be representative ofthe West Coast marine environment.

Previous, unimplemented recommendations of the EPA (Conservation Reserves for Western Australia,
Systems 9, 5, 6, and 1), the Shark Bay Region PIan (1988), and the Abrolhos Islands planning Stntegy
(1989), are incorporated within the following recommendations of the Working Group.

3.f. Ningaloo Reef - Southern Extension (Map tv-l)

The coast south of North West Cape to Gnarraloo Bay is a major distinctive coastal t],pe chancterised by the
development ofa barrier-fringing coral reef. Most ofthis coast has already been reserved as the Ningaloo
Marine Park (see Section 2). This part of the report considers the remaining part of Ningaloo Reef, that is
the coast from Amherst Point to Gnarraloo Bay.

Tenurc
The adjacent land is pastoral lease. offshore, Petroleum Exploration Permit WA-229-P abuts most of the
State territorial sea boundary of the proposed extension.

Cmmorphologg
This southern part of Ningaloo Reef is a continuation of the reef type found between Coral Bay and Amherst
Point. The shore consists mainly of long sandy beaches with occasional low limestone cliffs and headlands,
and a discontinuous fringing coral reef.

FIoru aml fauna
There is little information on the flora and fauna although inspection of aerial photographs and limited
anecdotal information suggest that coral growth is prolific, at least in the back reef habitats in the small
lagoons at several locations.

It is assumed that the communities ofplants and animals are generally like those found within the park
further north. However, there is a progressive change in the species composition of the reef communities
along the length of Ningaloo Reef. Many tropical species common in the northem part ofthe park do not
extend into the southern parts. Conversely, some southern temperate and West Coast endemic species
present in the southern parts do not extend to the northern end of the park. For example, the western rock
lobster (Panulirus cggnas) which is the basis ol the West Coast rock lobster fishery as far north as Shark
Bay, occurs in small numbers at the southern end of Ningaloo Reef but is rare north of Coral Bay. The
endemic West Coast turbinid gastropod Turbo (Marmarostoma) pulcher is abundant as far north as about
Gnarra)oo Bay but is replaced by its congener 7. (M.) arggtostomus further north on the Ningaloo Reel

Preaious recomm e nda tions
None.
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Working Croup recomm emla tion :

"Considention should be given to a southern extension of the State portion of the Ningaloo Marine Park
encompaising the State Territorial Sea a5 far as Gnarraloo Bay so as to include the full length of the
Ningaloo Reef.

"The Commonwealth Covemment authorities should be consulted so that consideration may also be given
to the seaward extension of the park beyond the limits of the State Territorial Sea adjacent t0 this proposed
southern addition, as is the case with the existing park."

3.2, Red Bluff to Point Quobba (Map IV-2)

Betrdeen the coral coast of Ningaloo Reefand the mangal coast of Carnarvon and the eastern shores of Shark
Bay, the coastline is mainly rocky and exposed to open ocean swells. This coastal type is not found to the
north and the Working Group considers that it represents a major distinciive coastal t pe. The "high energy"
rocky shores along the western sides of Bernier, Dorre and Dirk Hartog Islands and on the mainland coast of
the Edel Land Peninsula have many features in common (see Section IV.1.1).

Tenure
The hinterland from 40 m above high water mark is pastoral lease. At Point Quobba a small area of reef and
lagoon has been declared closed as waters under the Fisheries Act.

Ceomorp holo gg o nd c I i ma te
The climate is arid and there are no streams entering the sea. The coast comprises low to high limestone
cliffs. In the northern portion of this sector, between Red Bluff and Cape Cuvier, the limestone is of Miocene
age (Cape Range Group). Both these headlands have higlh sea cliffs, providing some protection to shallow
bays on their eastern sides. South of Cape Cuvier to Point Quobba the cliffs are lower and comprised of the
Late Pleistocene Tamala Limestone. The two limestones weather slightly differently along the shore with
rock platforms best developed in the Tamala Limestone.

At the base of the cliffs there are rock platforms at various heights above low water level. For the most part
the rock platforms are narrow (just a few metres wide) but south of Cape Cuvier there are some more than
50 m wide with shallow tide pools. The higher piatforms have perched splash pools above high water level.
Wave action is high and the shore may be said to be a "high energy " coast.

In the semi-protected bay to the east of Cape Cuvier a shipJoading facility has been constructed servicing
the nearby salt works. There is a boulder shore on the leeward (eastern) side of the headland and the bay has
moderately shallow water.

Extending south from Point Quobba there is a short rock platform and reef enclosing a shalJow Jagoon with
a small coral reef.

FIom ond fauna
Within the Quobba lagoon the coral reef has a moderately species-rich marine fauna.

North ofPoint Quobba the narrow limestone rock platforms constitute a habitat type which is uncommon in
the northern half of the West Coast. Similar shores occur further south on the western sides of the Shark
Bay islands. There is no information on the flora and fauna which inhabit these rocky shores. From
inspection of aerial photographs the reef flats appear to bear an algal turf. Civen the location it may be
expected that the species are primarily tropical which would make them of considerable interest.

Further study is needed to determine whether the rock platforms have sufficiently distinctive flora and
fauna to warrant reservation or extension of the closed waters of the Fisheries Act, or whether this habitat
t pe and its biota are a repetition of those found along the western sides of the outer islancls of Shark Bay.

Rerution
Access is relatively easy to the southern part of the area under consideration, that is, in the vicinity of Point
Quobba, and it is extensively used for public recreation. The lagoon is a safe and attractive site for swimmers
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and divers. The blowholes on the point are also a popular attraction. Fishing from the shore is the main
activity. Further north toward Cape Cuvier and between that headland and Red Bluffthere are few access
tracks and public access is very limited.

Preoious tecommenda tions
There are no previous recommendations for declaration of marine reserves on this section ofthe coast.

Worki ng Croup rccomm endo tions

'The area at Point Quobba presently gaz etted as closed waters under the Fisheries Act should be reserved
for the protection of marine flora and fauna, specifically for the small coral reef community in the lagoon.

"The rocky shores between Point Quobba and Red Bluffshould be considered for reservation a-s a marine
reserve, subject to a survey of th€ habitats, flora and fauna of the shore. The survey should be done in
conjunction with the recommended survey of the similar habitats along the high energy shores on the
western sides ofBernier, Dorre and Dirk Hartog Islands."

3.3. Shark Bay Marine Park - Bernier, Dorre and Dirk Hartog lstands Extensions
(Map lv-2)

The existing Shark Bay Marine Park and contiguous Hamelin Pool Marine Nature Reserve together comprise
the largest marine protected area in Western Australia. Their features are described briefly in Section 2. This
Section considers proposed extensions to encompass the shores of Bernier and Dorre Islands and the
western shores of Dirk Hartog Island.

Tmurc
Bernier and Dorre Islands are Class'4" Nature Reserves vested in the National Parks and Nature
Conservation Authority. Dirk Hartog Island is a pastoral lease with several small areas of freehold. The
Shark Bay Region Plan (adopted by the State Government in June 1988) recommended that there should be
consultation uith the lessees of the Dirk Hartog pastoral lease with the objective of eventually reserving
Dirk Hartog Island as National Park.

The waters along the eastern shores of Dirk Hartog Island are included within the existing Shark Bay Marine
Park.

The three islands and adjacent waters are included within the Shark Bay World Heritage Area.

G eomorp hology a nd c I ima te
The climate of the Shark Bay region is arid. There is no surface water on the islands and no streams enter
the western side of Shark Bay.

Bernier, Dorre and Dirk Hartog Islands comprise a series of elongate islands forming the seaward boundary
of Shark Bay, over a distance of almost 80 kilometres. There is a narrow channel known as South Passage
separating Dirk Hartogi from the mainland, a wide pass known as Naturaliste Channel between Dirk Hartog
and Dorre Islands, and a narrow pass between Dorre and Bernier Islands.

The three islands belong to the landform known as the Edel Province, a continuation of the mainland
landform of Edel Land south of Steep Point. They consist of Pleistocene aeolianite limestones (Tamala
Limestone) overlain by Holocene sand dunes. The dunes ofBernier and Dorre are low but there are much
higher dunes on Dirk Hartog, some of them mobile.

I\tro very different coastal habitats are represented on the shores of the outer Shark Bay islands. The leeward
eastern shores are relatively sheltered with moderate exposure to wave action. The windward western shores
are very exposed with high wave action.

All three islands lie entirely \.vithin the "oceanic water mass" of Shark Bay (Logan & Cebulski, 1970). That is,
their surrounding water has normal oceanic salinity levels, unlike the metahaline and hypersaline waters of
inner parts of the Bay.
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(i) Leeward shores
The waters alon! eastern the shores of Dirk Hartog Island are within the existing Marine Park.

The eastern sides of Bemier and Dorre Islands are exposed to only moderate wave action. Along these
eastern shores there are shallou bays with curved beaches between headlands of low limestone cliffs which
are rarely more than 2-3 m high. The cliffs are usually undercut by erosion between high and low tides.
There are occasional narrow rock Dlatforms in the intertidal zone. Offshore east of Bernier Island there rs a
sublittoral sand sillwith a steep seaward slope beginning at about the 6 m contour. There is a similar
narrow sand sill on the north-eastern side of Dorre Island but at the south-eastem end of that island there is
a wide bank extending several kilometres seaward.

(ii) Windward shora
The western sides of all three islands are exposed to strong wave action. They are characterised by high cliffs
to 270 m. The tops ofthe cliffs are travertinised and often have abrupt, undercut edges. The hard travertine
cap is covered by perched dunes in some places. Commonly there are steep scree slopes oflimestone
boulders and rubble below the cliff edges. Narrow rock platforms are cut into the bases of the cliffs along
most of these shores. The platforms are of various heights, frequently above high water level. They have
many splash pools. There are a few narrow, steep beaches of coarse sand and limestone rubble perched
between the bottom of the scree slopes and the rock platforms.

These high energy, rocky shores with their Tamala Limestone cliffs and narrow rock platforms are a feature
of the western face of the Edel Province and are regarded by the Working Group as a major distinctive
coastal tlpe. On the mainland south of Steep Point (ie. the Edel Land Peninsula) the cliffs are quite high and
are known as the Zuytdorp Cliffs after the Dutch ship wrecked there in 1712. Similar though less
spectacular cliffs occur on the mainland north of Carnarvon between Point Quobba and Red Bluff

FIon and fauna
The marine biological communities of Bernier, Dorre and Dirk Hartog Islands are profoundly influenced by
the coastal geomorphology and exposure to the open ocean. Two major, very different community types may
be distinguished, the leeward seagrass and sand bank communities ofthe eastern shores, and the windward
rock platform communities ofthe western shores, with intermediate conditions in the channels between the
islands.

French naturalists of the "Baudin Expedition" (1801-03) landed on Bernier and Dorre Islands and collected
marine animals around their shores. These specimens are preserved in the national natural history museum
in Paris and some of them are the original types of species described by Lamarck and other Fyench scientists
in the early 19th century. The German "Hamburg Expedition" collected extensively in Shark Bay in 1905.

During the 1980s officers of the Western Australian Museum collected invertebrate specimens at a number
of localities around Bernier, Dorre and Dirk Hartog Islands, but not from the high energy rock platforms of
the windward shores (Marsh, 1990; Slack-Smith, 1990). An account of Shark Bay bivalved molluscs (Slack-
Smith. 1990) includes a list of species from the "oceanic water mass", many of those records being based on
specimens collected by that author from island localities and now Dreserved in the collections of the
Western Austral ian Museum.

Shark Bay has a depauperate coral fauna (Marsh, 1990). The major sites of coral growth occur in the
interm€diate zones between the windward and leeward shores, that is on the sides of the channels between
the islands and between Dirk Hatog Island and the mainland, where there is some shelter from wave action
but close proximity to the open sea. The main coral sites are at the southern end ofBernier Island, the
northern end of Dorre Island, and on the northern side of South Passage at the southern end of Dirk Hartog
Island (the latter being within the existing Shark Bay Marine Park). Elsewhere corals occuy as scattered
colonies, the diversifi of Acropora species tending to decrease and the diversity of Turbinaria tending to
increase at the more sheltered, inner (eastern) ends ofthe channel entrances. There are very few corals in
the metahaline waters, and none in the hypersaline waters further within the Bay. Although the high energy
windward shores along the western sides of the islands have not been investigated there is evidence that
they do not support any significant coral reefs or coral communities (Marsh, lg90).

Marsh (I990) recorded 55 species belonging to 23 genera of hermatllic corals from Bernier and Dorre
Islands. 0n the western side of Cape Couture at the southern end of Bernier Island there is a coral-covered
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platform, at depths of 1-2 m, with "gardens" of staghorn and tabular.4cropord. On the eastern side ofCape
Couture there is a small coral reefwith 20-30% cover of living coral, principally Montipora spp., tabular
Acrooora . and faviids.

At Cape Boullanger on the northern end of Dorre Island there is a reef extending northwards into the
channel which supports a diverse coral fauna. East of this, near the entrance to the bay in Disaster Cove,
there is a coral community on a rock substrate with a 10-20% coral cover, principally ?zrbinaria spp.,
Montipora spp., and faviids.

Although these coral reefs and coral communities are small and only moderately species-rich, they lie in the
path of the Leeuwin Current and they may be a significant source of lawae contributing recruits to populate
the reefs of the Abrolhos further south.

Shark Bay contains the largest known seagrass meadows in the world and seagrass may be regarded as the
dominant organism in the Bay (Walker, 1990). 'l\uelve species are present, the most abundant being
Amphibolis antarctl'ca. Several are temperate species at the northem limit oftheir geographic range,
eg. A. antarctica and, Posidonia australrs. Others are tropical species ( eg- Cgmodocea angustatal atthe
southern end oftheir range.

The sand sills and bank east of Bernier and Dorre Island support significant seagrass meadows. These
meadows occur within the "oceanic water mass" of the Bay, unlike the salinocline, metahaline and
hypersaline conditions prevailing at most other Shark Bay locations where seagrass meadows dominate
(Logan & Cebulski, 1970). The Bernier and Dorre banks and seagrass meadows are significant winter feeding
areas for the Shark Bay dugong population (Paul Anderson, pers. comm.).

There is no information on the marine flora and fauna of the islands' windward shore rock rlatforms or
sublittoral zone. Inspection of aerial photographs indicates that the rock platforms are covered with an algal
turf and that brown algae dominate the sublittoral zone. There is likely to be a fauna of molluscs and other
invertebrates on the platforms and in the perched splash pools. Whether these communities are dominated
by tropical species or have a proportion of southern temperate species is unknown.

Given the biogeographically intermediate position of this section of the coast it has considerable scientific
interest. A survey of the flora and fauna of the rock platform habitats on the high energy coasts of the
mainland between Red Bluff and Point Quobba, the outer Shark Bay islands, and the Edel Land Peninsula
would provide critical biogeographic information which is currently lacking and assist selection of the most
suitable section for reservation.

Fisheries
The important prawn and scallop trdwl fisheries of Shark Bay operate to the east of Bernier and Dorre
Islands but beyond the 6 m isobath and impinge little on the seagrass meadows. There are significant
commercial and recreational scale-fish fisheries close to shore along both the eastern and western sides of
Bernier, Dorre and Dirk Hartog Islands. Commercial and recreational fishing for snapper by handline
occurs in the shallows around the islands, most notably in Naturaliste Channel and around Kok Island just
north of Bernier. Other reef and pelagic fish are also taken in those areas. The recreational fishery includes
charter boat operations sailing from Carnarvon and Denham. Commercial rock lobster fishing by potting
occurs along the westem shore of Dirk Hartog Island, and to a lesser degree along the western shores of
Bernier and Dorre Islands.

Rec'rea tion a nd touris m
The main recreational activity in the vicinity of the islands is fishing which is discussed above. Bernier and
Dorre Islands are too far offshore for access by most people seeking other aquatic recreational pursuits.
Because of their extremely high conservation values and the vulnerability of the several endangered
mammals surviving there to fire and introduced plants and animals, access to these two islands is restricted.
Dorre Island is a prohibited area. Landing on Dirk Hatog Island requires the permission of the lessees. If
that island becomes a national park public access for recreation will be encouraged, but in that event
recreational activities would be likely to concentrate on the eastern shores which are already within the
Shark Bay Marine Park and are not the subject of this report.
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Pr et ious recomm enda tions
The Shark Bay Region Plan proposed (p. 79, 5.5.3 (2)) the establishment of a multiple use marine park at
Shark Bay specifing certain special areas which should be included. Among these were "the waters east of
Bernier and Dorre Islands below the high water mark to the 6 m isobath". The purpose was " to protect the
shallow water marine environment adjacent to the islands, particularly the seagrass banks which are
important dugong habitats". Although other areas recommended for reservation have now been declarec
marine park (see Section 2) this portion of the Region Plan's recommendations has not yet been
implemented.

The Shark Bay Region Plan also proposed (p. 80, 5.5.3 (4)) that "the high energy marine environments west
of Bernier and Dorre and Dirk Hartog Islands should be investigated for possible Marine Park status in
consultation with the Fishing Industry". This recommendation has not yet been implemented.

Work i n g C roup recom m e nda tions

"1. The Working Croup endorses Shark Bay Region PIan recommendation 5.5.3 (2) (p. 79) that the waters
east of Bemier and Doffe Islands should be added to the Shark Bay Maline Park.

"The Working Croup notes that the 6 m isobath recommended as the seaward (eastern) boundary in the
Shark Bay Region Plan may be difficult to implement and suggests that a series ofstraight lines
approximating that isobath and incorporating the seagrass banks would be more practical.

"The Shark Bay Region Plan did not propose northern and southern boundaries for this addition to the
marine park. As an interim measure, pending further consideration ofalso adding the "high energy" shores
along the western sides of the isiands (see rec, 2), the Working Croup suggests that the northern boundary
should be located at the northem tip of Bernier Island and the southern boundary at the southern tip 0f
Doffe Island.

"2. The Working Croup endorses the Shark Bay Region Plan recommendation 5.5.3 (4) that the high energy
marine environments west of Bernier, Dorre and Dirk Hartog Islands should be surveyed and an assessment
made of their value as an addition to the Shark Bay Marine Park. The survey should be done in conjunction
with one of the exposed rocky shores of the section of mainland between Red Bluff and Point Quobba.

"ln the event that the results of the survey of the western high energy environments indicate that the
western shores of the islands should be added to the Shark Bay Marine Park, the Working Croup suggests
that there would be practical advantage in extending these additional areas atound the northern and
southern ends ofBernier and Dorre Islands resDectivelv."

3.4. Kalbarri (Map lV-3)

This section lies within the major distinctive coastal type between Kalbarri and Port Denison (see Section 1.1).

Tenure
The Kalbarri Townsite occupies the hinterland in the northern portion ol this sector. South of this to Bluff
Point, a distance of about 12 kilometres, the l{albarri National Park extends to the shore.

Ceomorphology and climate.
South of the Zuj,tdorp Cliffs of Edel Land there is an abrupt change of geoiogy and coastal type. The
Mesozoic sandstone cliffs adjacent to the Kalbarri National Park also comprise rocky shore habitats but they
take different form and are here regarded as a separate major distinctive coastal t),pe.

The climate is semi-arid. One of Western Australia's longest rivers, the Murchison, enters the sea at Kalbarri
but its flow is seasonal.

Floro ond fauna
There is very little information about the flora and fauna of the rocky shores of this area. It is a high energy
shore and access to the rock platforms is difficult except at low tide in unusually light weather conditions.
However, it is known that the platforms are covered with an algal turf and that many southern temperate
species of marine plant and animal occur here at the northern end of their geogyaphic range. Small coral
colonies occur in the outer reef platform pools.
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Similarly, there is no information on the flora and fauna of the Murchison Estuary. It is possible that the
estuary is depauperate but whatever is there will be of interest as this is the most northerly of the temperate
estuaries in the State.

Fisheries
Kalbarri is an important centre {or the rock lobster fishery. A number of boats operate from the mouth of
the estuary and fish the waters north and south, including close inshore along the Kalbarri Cliffs.

Recreation
The scenic and wildlife attractions of the adjacent country, the quality of the beaches at the mouth of the
estuary, and the protected waters of the estuary itself make this coast a popular recreational destination.
Fishing fyom the rock and beaches and in the estuary are popular recreational activities.

Prc a iou s rccomm enda tio ns
None.

Work in g Croup recommmda tion
Although there is so little information about the flora and fauna ofthis sector, the geographic location al
the centre of the West Coast, the distinctiveness of the coastal geomorphology and rocky shore habitats, and
the fact that the Murchison Estuary is the most northerly of the temperate estuaries in Western Australia led
the Working Group to recommend as follows.

"Consideration should be given to reservation of the marine areas adjacent to the Kalbarri National Park
and the Kalbarri township, seawards for a distance of 1 nautical mile, and encompassing the tidal waters in
the mouth of the Murchison River, for the purposes of public recreation and the protection of flora and
fauna."

3.5. Port Gregory to Port Denison (Maps lV-3,5)

Although the sector of the central West Coast between Port Gregory and Port Denison is included within
major distinctive coastal b,pe 8, the Working Group was not able to identify any one portion of it as worthy
of reservation by reason of its representativeness. However, two small areas warrant special attention for
specific reasons. 0ne of these is a small area at Port Gregory, significant because it contains Western
Australia's most southerly coral reef on the mainland coast. The other is a small area south of Greenough
where research on the western rock lobster has been carried out over many years.

3.5.1 Port Gregory (Map IV-3)
Tenure
The land adjacent to the area under consideration is a gazetted townsite.

Gnmorphologg
For the mostpart the coastline north and south ofPort Gregory consists ofsand beaches backed by
Pleistocene dunes. At Port Gregory there is a low headland of Pleistocene aeolianite. A wide wav€-cut rock
platform has formed, connected to the shore at the southern end but with a shallow lagoon behind it in the
northern part.

Floro and fauna
The intertidal rock platform has a cover of algal turf and macro-algae, and a rich invertebrate fauna. There
are seagnss meadows in the lagoon and in the deeper offshore areas. In the lagoon immediately behind the
rock platform, where there is constant water flow but protection from the main force of the swells, there ts a
small coral community. Veron & Marsh (1988) record 37 coral species of 13 genera at this locality. The
genLts Acropora is represented by eight species.

Rec:reotion and commercial fishing
The lagoon is popular for swimming and a launching site for recreational fishers. It is also an anchorage for
commercial fi shing vessels.
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3.5.2. Seven Mile Beach (MaP IV-S)
This is a very small area about 1 km long and extending to 400 m offshore, located about 10 km north of
port Denison, which receives special attention here because of its long-term importance as a research area.

Tenure
The taking of rock lobster by any means in the small research area is prohibited pursuant to Sections 9 and
11 of the Fisheries Act (Government Gazette No. 88, 9 September, 1988). This was done to protect the area
as a rock lobster research site.

Geomorphology antl phgsical features
The beach is backed by Holocene dunes. There is an outer fringing reef of Pleistocene limestone and patchy
limestone reels within 400 m ofthe shore, some ofwhich are exposed at extreme low tide. The patchy
distribution of the reefs allows considerable wave energy to reach the shore, particularly at high tide.

Flora and fauna
Most of the patch reefs are covered by the seagrasses.Amp hibolis antarctica and A. griflithii. Those reefs
exposed at extreme low tide are colonised by a mixture of the seagrasses Halodule unineruis, Heterozostera
tasmanica, Halophila oualis and a variety of turf algae. Between the reefs there are small sand blowouts and
seagrass meadows dominatedby Halophila oualis, Heterozostera tasmanica, and Sgringodium isoetifolium
and the alga Caulerpa cactoides. Off-shore, beyond 400 m, the large brown algae Ecklonia radiata,
Scgtothallia dorgcarpa and Sargassum sp. dominate the sublittoral zone. The seagrass Thalassodsndron
pachyrhizum is also prolific there, in shallower water than is usual for this species. The most southerly
known locality of ,F1c lodule uninenis is at Port Denison just a few kilometres south of this location.

The area is of special note as a nursery site for the western rock lobster. Its inshore patch reefs are probably
the best representatives of this habitat t),!e along the West Coast. The juveniles settle among the seagrasses
and large numbers live under the patch reef ledges. For this reason the area was selected as a research site
by the Western Australian Fisheries Department and CSIRO Division ofFisheries and has been used for that
purpose since the 1960s. Beach and bottom profiles have been drawn and the reefs have been accurately
mapped in detail. Permanent transects through the seagnss meadows have been established. Research on
the feeding, settling and migration of the western rock lobster is ongoing at this site. lvlany research
findings basic to understanding the biology of this important commercial species have been published.

Preuious recomm enda tions
None.

Working Croup recommenda tions
"1. Consideration should be given to the reservation of the reef and lagoon at Port Cregory for protection of
marine flora and fauna, particularly the coral reef, Further study is needed to determine appropriate
north€rn and southern boundaries.

"2. Consideration should be given to the reseruation of the reefs and lagoons at Seven Mile Beach for
protection of marine flora and fauna and scientific study. The reserved area should cover at least the area
closed to rock lobster fishing under the powers ofthe Fisheries Act."

3.6, Houtman Abrolhos (Map lV-4)

The Houtman Abrolhos is a complex of islands, reefs and lagoons ling near the shelf-edge off the mid-west
coast between latitudes 28 and 29" S. The Working Group believes that, of all the marine areas of the
Western Australian coast, the Abrolhos is perhaps the most significant for its natural resource, nature
conservation, historical and recreational values, and the most worthy of reservation.

On the criteria used by the Working Group in the reserve selection process, the Abrolhos scores very highly
on every count. It qualifies as a major distinctive coastal type because it is unigue - there are no other coral
reefs of this type anywhere in the world. In biological terms it is representative in the sense that it
represents itself - there are no other communities of marine animals which equate to those of the Abrolhos.
It scores very highly in terms of habitat diversity and species richness, with a unique blend of tropical and
temperate species. It is one ofAustralia's most important seabird breeding areas. It contains some of
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Australia's most signilicant historic sites. It has magnificent undeMater scenery and considerable potential
for the development of nature-based tourism, especially dive tours. It is also the site of an extremely
important rock lobster fishery and has been the subject of intensive marine research.

Because of the inter-connectedness of the various ecosystem units at the Abrolhos it is essential that the
entire reef complex and surrounding waters be reserved and managed as an integrated ecosystem.

Recognising the potential conflict between theie different interests, in 1988 the Western Australian
Government appointed the Abrolhos Task Force to undertake a planning study, and the Abrolhos Islands
Consultative Council (AICC) to ensure local input to recommendations and their implementation. The
planning study culminated in publication of the Abrolhos Islands Planning Stntegy in 1989. The AICC has
since initiated a review of the Planning Strategy recommendations relating to selection and management of
marine reserves within the Abrolhos.

It is important that marine reserves declared there be seen in the broader context of the Statewide marine
reserve system proposed in this report. For this reason, while acknowledging the responsibility of the AICC
and taking account of the fact that Working Group members have considerable experience and knowledge of
the Abrolhos, it is appropriate that the Working Gyoup expresses its views on marine reserves in the area as
part ofthis report.

The following, much abbreviated descriptive notes are drawn from the Abrolhos Islands Planning Strategy,
other technical publications, and the personal research experience of Working Group members.

Tenure
The islands of the Abrolhos are at Dresent a Class A resewe (20253) vested in the Minister for Fisheries for
the purposes of consewation of flora and fauna, tourism and purposes associated with the fishing industry.
The reserve extends to low water mark.

The islands are surrounded by State Territorial Waters for a distance of 3 nautical miles from established
baselines. These waters are declared a special fishing area for rock lobsters (Zone 'A') under the Fisheries
Act. Two areas, one at Morning Reef in the Wallabi Croup and one at Half Moon Reef in the Southern
Group, are declared historic shipwreck sites under the Maritime Archaeology Act.

There are no current oil exploration tenements over the area of State Territorial Waters and the islands of
the Abrolhos.

Gumorphologg
The Abrolhos comprises a seyies ofshelf-edge carbonate platforms situated at the northern end of the
Rottnest Shelf. They have very great scientific interest in terms of interpretation of Quaternary climatic and
geological history and development of coral reefs. The evolution, form and geological structure of the
Abrolhos islands and reefs have been described by several authors in various contexts (Teicherl 1947;
Fairbridge, 1948; Wlson, 1977; France, 1985; Hatcher Research Associates, 1988; Collins el a/., 1991;
Collins et a|..1993). Eisenhauer el at, 1993) determined Holocene sealevels from dating of coral cores
taken in the Easter Group.

There are three major platforms, North Island and the Wallabi Group comprising the most northerly, Easter
Group in the centre, and Pelsaert (or Southern) Group the most southerly. They are separated by Middle and
Zeewijk Channels of about 40 m depth. Each of the platforms consists ofa centval area composed ofLast
Interglacial (Pleistocene) coral reefs about which leeward Holocene coral reefs have developed (Collins ef
al., 1993).

The Easter Group and Pelsaert Group platforms have a more or less triangular form, reminiscent ofatolls,
with prominent seaward reefs, central lagoonal areas, and leeward back-reef complexes. The North Island-
Wallabi Group platform "lack the geomorphological organisation of the other island groups" (Collins et al',
1991) and is dominated by large islands. Well developed lagoonal sand sheets are prominent in the Easter
and Pelsaert groups- In the eastern parts of these two groups a conspicuous feature is the development of
deep, roughly circular pits of varying diameter in the reef platforms, known as "blue holes". Determining the
origin of these structures has been problematical. At one time they were thouglht to be remnants of a karst
topography (collapsed caves and solution pipes) formed when the limestone platforms were elevated above
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sea level during the Pleistocene glacial periods. Recent drilling has shown that they are developed in deep
(over 26 m in the Easter Group) deposits ofHolocene sediment and that they are depositional, not erosional,
structures (Collins el c/., 1993).

The greatest area of the platforms now lies below high water mark but there are emergent islands and cays
of diverse make-up and structure. The central portions of many of the reef platforms have emergent, flat-
topped, so-called "high rock islands" (France, 1985) consisting of coralline limestone remnants of earlier
reefplatforms which stood at a slightly higher level (34 m) than the contemporary reef flats. They are
usually deeply notched in the intertidal zone around their periphery and may have superficial ridges of coral
sand and rubble. In the Wallabi Group the two large islands have a base of Late Pleistocene (Last
Interglacial) reefal limestone overlain by bedded grainstones and aeolianites, sometimes with a mantle of
Holocene dunes. These are the highest islands in the Abrolhos with the dunes rising to as high as 50 m. The
eastern (leeward) margins ofthe platforms have composite islands which also have a Pleistocene reef
limestone base overlain by Holocene coral shingle and sand.

During the last Pleistocene interglacial period there was extensive coral reef development at the Abrolhos,
including along the seaward margins of the platforms. After interruption of coral growth during the Last
Glacial, coral reef formation began again about 10 000 years ago (Collins el a/. , 1993). Today coral reef
growth is confined to the leeward shores and the sides ofthe channels. Nevertheless, modern coral growth is
prolific.

Flora and Fauna
Both the terrestrial and marine flora and fauna of the Abyolhos are remarkable in several respects. During
the last Pleistocene glacial period these reef platforms were limestone highlands along the coast. At that
time they were populated by the plants and animals inhabiting the mainland coast.

After sea level rose some 7 000 years ago the highest points ofthe platforms became islands and the wide,
lower portions became submerged reefs. Some residual mainland plants and animals survive on the highest
islands (West and East Wallabi) including the Tammar wallaby, a number of reptiles, and the threatenec
plant Eucalyptus oraria, as reliclpopulations. Newly emergent composite islands and cays, formed during
the Holocene from sand and shingle thrown up by storms, have been colonised by plants and animals
capable of crossing the water barriers from the high islands and the mainland.

Wth the warmer climate the Leeuwin Current redeveloped bringing warm water and the larvae of tropical
marine animals from the north and re-establishing coral reefs and associated communities on the
submerged reefplatforms. Thus, the living and fossil floras and faunas ofthe Abrolhos provide a record of
the momentous events of the late Pleistocene and early Holocene periods which have shaped our
contemporary environment. It is partly for this reason that the islands and surrounding reefs of the Abrolhos
have such great scientific importance.

Coral Reek
The Abrolhos coral reefs are the most southerly in the Indian Ocean, lying far south ofthe tropical, so-called"coral zone". They are by far the richest in terms of habitat and coral species diversity of any high iatitude
reefs in the world. At present 184 species of coral belonging to 42 genem are recorded from the Abrolhos
(Veron & Marsh, 1988). It appears that the corals at the Abrolhos are relatively slor,rr-growing (Crossland,
1981) as might be expected at such a high latitude. The reef communities are also unusual in that they
include a significant number oftemperate species aswell as tropical species and in some areas seaweeds
dominate rather than corals (wlson & Marsh, 1979; Hatcher, 1985). The competitive intenctions of the
seaweeds and corals on the Abrolhos reefs are of great interest to marine ecologists (crossland, 1981;
Iohannes et a1.,1983; Hatcher & Rimmer. 1985).

Reef habitats are diverse at the Abrolhos. In a report commissioned by the Abrolhos Task Force for the
Abrolhos Islands Planning Strategy, Hatcher Research Associates (1988) recognised 16 community tlpes in
6 primary groups. Corals are not dominant in all ofthese. The most diverse and prolific growth of corals
occurs in the low energy, leeward, back-reef habitats, along the sides of the channels and around the blue
holes. unlike reefs of similar structure in the tropics, there is only poor development ofcoral reef
communities along the seaward reef-fronts at the Abrolhos.
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Plant communities and filter feeding animal communities (sponges and ascidians etc.) are also important
elements in the Abrolhos reef complex. The high energy seaward reefs are dominated by algae, most notably
by the kelp Ecklonla and a fucoid of the genus Sargassum. Theve is evidence that organic detritus
originating in these kelp beds and swept over the seaward reefs into the lagoonal and back-reef communities
is a major factor in the high biological production of the Abrolhos reefs. Another plant community of great
importance at the Abrolhos is seagrass meadow. These are best developed in the shallows on the northern
sides of West and East Wallabi Islands. Rich filter-feeding communities are best developed on the seabed in
the channels and lagoons.

Hatcher (1991) has discussed the importance ofthe Leeuwin Current in establishing and maintaining the
coral reefs and associated communities at the Abrolhos. It delivers nutrients, warm water, and the larvae of
tropical organisms from source areas further north. By the same proces the Abrolhos reefs are a source of
marine larvae carried even further south. The occurrence of tropical animals, including many corals, along
the West Coast as far south as Rottnest and Cape Naturaliste is undoubtedly a consequence ofthis process. It
follows that protection ofthe Abrolhos reef communities is important not only for their own sake but also
for maintenance ofthe tropical element in the marine fauna along the Western Australian coast further
south.

Mangak
There is only one species of mangrove present at the Abrolhos,Auicennia manna. It forms small mangals on
sheltered shores throughout the islands. Apart from the remnant mangal, composed ofthe same species, in
Leschenault Inlet, these are the most southerly mangals in Western Australia. There have been no studies on
their associated fauna and ecology.

The Abrolhos mangals have special significance as habitat of the Lesser Noddy Tern and their preservation is
essential for the continued breedin! of this threatened bird.

Seabirds
The Abrolhos are considered to be among the most significant seabird breeding areas in the world (Fuller
et a1..7981\.

The eastern Indian Ocean subspecies ofthe Lesser Noddy Tern (Anous tenuirostris melanopsl isknwn to
nest only at the Abrolhos (Morley, Wooded and Pelsaert Islands) where 39 000 breeding pairs have been
counted (pers. comm. Andrew Burbidge and P. Fuller, May, 1993). A noddy recently reported breeding in
small numbers at Ashmore Island may be this species (Stokes & Hinchey, 1991). The Red-tailed Tropic Bird
(Phaethon rubricauda) formerly naled on Pelsaert Island. One bird was recorded incubating there in 1989
(R. Goodale & K. Coate, pers. comm.). Both these birds are threatened species under the Western Australian
Wldlife Conservation Act.

The following seabirds breed at the Abrolhos (the Abrolhos support the largest Westem Austnlian breeding
colonies of the first nine species):

. Wedge-tailed Shearwater (ft.rrfinus paciftcus) - more than 1 million breeding pairs (pers. comm. A.
Burbidge & P. Fuller, May, 1993);

. Little Shearwater (Puffinus assimilis);

. White-faced Storm Petrel (Pelagodroma marina);

. White-bellied Sea Eagle (I-Ialiaeetus leucogaster)',
o Common Noddy (,Anous stolidus);
. Caspian Tern (Hgdroprogne caspia)i
. Crested Tern (Stema bergii):
o Roseate Tern (Sterna dougallii);
. Fairy Tern (Stema nereis)i
. Eastern Reef EgJet (Egretta sacra)i
o Bridled Tern (Stema anaethetusli
. Pied Cormorant (Phalactocorax uaius);
. Pacific Gull Qnrus pacificus);
o Sooty Oyster Catcher (Haematopus fuliginosus);
. Osprey (Pandion haliaetus).
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Wth this impressive list ofbreeding seabirds it is clear that the islands ofthe Abrolhos deserve special
protection and management for nature conservation. Reservation ofthe surrounding waters and
introduction of management objectives including protection of seabird feeding areas and the maintenance
ofbuffer areas around the rookeries are also warnnted.

Marine Mammals ond Reptila
The Australian Sea Lion Q,leophoca cinerea), an animal declared to be in need of special protection under
the Wldlife Conservation Act, is present in small numbers in the Abrolhos. This is close to the species'
northern limit of range. There is evidence that the Sea Lion was once more abundant at the Abrolhos than it
is today (O'Loughlin, 1969). In recent suweys in the Easter Croup up to 43 animals were counted, mostly
single bulls and small groups of cows and juveniles (Gales et a|.,1992). Breeding occurs on the islands with
pupping taking place during July in 1989.

The Green Turtle (Chelonia mgdas) has been recorded on North Island and may breed there.

Fisheries
The most important industry at the Abrolhos is the rock lobster fishery. It is a limited entry fishery and the
Abrolhos is classed as a sepayate fishing area (Zone'Ar) for the purposes of administration. Just over 200
boats are licensed to fish there, employing about 490 fishers. The fishing season runs from March 15 to June
30 and during this period many of the fishers live on certain of the islands. The rock lobsters are caught in
pots set on the sea floor. Current estimates place the egg production from the Abrolhos rock lobster
population at approximately 50% of the total egg production of the Western Australian population.

An important scallop fishery operates in the Abrolhos area, mostly on the sandy seabed east of the reefs. This
too is a limited entry fishery. It engages about 30 trawlers, employing about 100 people. Wetlining is also a
significant activity, engaging about 30 boats and employing over 50 fishers. Snapper, Jewfish, Baldchin
Groper and other reef dwellers are the main target species.

Because of its distance offshore, the Abrolhos at present supports only a small recreational fishery. The
extent ofthe amateur catch is not known.

Recreation
Access to the Abrolhos for tourism and recreational purposes is at present limited to guests offishers
holding permits to live on the islands, passengers on charter vessels or aircraft, and visitors on private
launches and yachts. There are no accommodation or other facilities for tourists at the Abrolhos. Camping
on the islands is prohibited. For these reasons, and the distance offshore, recreational and tourist use of the
Abrolhos is at present very limited.

Nevertheless, there is considenble scope for development of nature-based tourism at the Abrolhos, both
marine and terrestrial. The seabird rookeries, rich intertidal reef flats, magnificent coral reef dive sites,
excellent fishing, and the historical sites on some of the islands hold many attractions for environment-
conscious tourists.

The Abrolhos Islands Planning Strdtegy proposed that the islands should not be developed for tourist
accommodation at this time and that the main form oftourism and recreation at the Abrolhos should
continue to be boat based, augmented by aerial lours. An exception to this would be development ofa field
study facility on one of the islands, probably Beacon Island in the Wallabi Group, for use by educational
environment and nature tour groups. Otherwise emphasis should be placed on developing day use sites in
carefully selected areas, allowing visitors access to historic sites, bird observation points and other places of
natural and cultural interest. This would include moorings in safe anchonges for overnight stays by charter
vessels and at popular dive sites to avoid damage to coral growths.

Pr ea iou s rccom m e ndo ti o ns
There have been several reviews and reports on management ofthe Abrolhos prior to the above-mentioned
Planning Strategy, notably a report by the WA Museum on the flora and fauna of the Wallabi and Easter
Groups (Wlson, 1977), a report published by the Geraldton Mid-West Regional Development Committee
(1982), and the proceedings of a workhop held by the Australian Marine Sciences Association (Hatcher d.
Walker. 1984).
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The final report ofthe Abrolhos Islands Planning Strategy was received by the Government in 1989 and
referred back to the AICC for further advice on implementation. Since then the AICC has prepared proposals
for an Abrolhos Islands Aquatic Reserve covering the State waters surrounding the islands. The report was
endorsed by the Government in November 1993.

The 1989 Planning Strategy recommended that those islands which are used as a base for the fishing
industry should remain vested in the Minister for Fisheries and continue to be used for that purpose but that
the remaining islands should be declared national park vested in the National Park and Nature
Conservation Authority for consewation offlora and fauna and recreation. This would allow appropriate
management of the seabird rookeries and other conservation values ofthe islands and the development of
day use sites for nature-based tourism.

The Planning Strategy also recommended that the State Territorial Waters surrounding the Abrolhos should
be declared an aquatic reserve under Section 30 ofthe Fisheries Act, butwith three enclaves declared
marine park under the Conservation and Land Management Act. The three proposed enclaves are a portion
of Morning Reef in the Wallabi Group, the eastern reef complex of the Easter Group, and the north-eastern
portion ofthe lagoon and back reef of the Pelsaert Group.

This strategy, in effect, proposes reservation of the whole area as a multiple-use reserve. However, the areas
designated principally as fishing zones, and the areas designated principally as conservation-recreation
zones would be reserved separately under different legislation and managed by different agencies, that is the
Fisheries Department and the Department of Conservation and Land Management respectively. Integrated
management of the whole ecosystem would be achieved with the advice of the AICC and collaboration
between the two management agencies.

The Planning Strategy selection of the three enclaves for marine park reservation was based, in parl on a
habitat map produced by consultants to the Abrolhos Task Force (Hatcher Research Associates, 1988). The
criteria used included a variety of environmental, economic and social factors and gave high values to:

. areas ofhiShest diversity and richest growth of corals;

. areas ofhiShest sensitivity to disturbance;

. areas which incorporate a range of habitats.

In accordance with the first two of these selection criteria, the three areas proposed for reservation as
marine park all feature rich coral groMh and are located in low energy, leeward reefpositions which are
most sensitive to disturbance. They include some of the richest coral growth and the best dive sites in the
Abrolhos, eg. the area known as "The Maze" in the Easter Group. However, the Working Croup has studied
the Task Force habitat map and believes that, in respect of the third ofthe criteria listed above, these three
areas are not adequate. They do not represent the range of marine habitats of the Abrolhos. Most notably
they do not include areas ofthe seaward reefs which are dominated by algal growth, or areas dominated by
seagrass meadows. The Working Group also considers that the three proposed marine park enclaves do not
provide adequately for recreational activities in the Abrolhos.

To date none of the Planning Strategy and AICC recommendations for an aquatic reserve and marine parks
in the Abrolhos have been implemented.

Working Group tecommendations
The Working Group had difficulty in reaching a satisfactory degree of consensus in respect of its
recommendations for the Abrolhos. The view that these islands, reefs and waters have the highest possible
scientific and conservation value and that they should be managed as an ecological entity was unanimous.
There was also unanimity that the three enclaves proposed in the Abrolhos Islands Planning Strategy to be
managed primarily for conservation and recreation purposes do not adequately represent the habitats of the
Abrolhos, or fairly provide for recreational users. A strong view was expressed that the whole area of State
Territorial Waters at the Abrolhos should be reserved as marine park, noting that present legislation would
not preclude commercial fishing within the park. However, after long debate the following
recommendations were agreed.

"In keeping with the high scientific, historic, recreational and conservation values of the Abrolhos islands
and reef complexes, and the high value ofthe rock lobster fishery and other fisheries, the entire area to the
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limit of State T€rritorial Waters should be reserved and managed as a multiple-use alea. This should be

done ai a high priority.

"Management of fisheries, tourism, education and scientific r€search should be integrated with meaiures t0
protect the area's natural and cultural values so that an appropriate balance between these activities is
maintained.

"Ideally, given the inter-connectedness of the island reef and open water ecosystems, the entire Abrolhos
area should be managed as a single ecosystem unit.

'the Working Croup proposes that ar€as selected specifically for protection of ma ne flora and fauna and
public recreation could be made more representative ofthe Abrolhos marine habitats and flora and faun4
and with better provision for public recreation, by the following amendments to the Planning Strategy
recommendations:

i) addition of an area encompassing the s€award rock platform and seagrass meadows on the west and
north of West Wallabi and East Wallabi Islands;
ii) extension of th€ proposed marine park around Beacon Island to include the whole of Morning Reef;
iii) €xtension of the proposed Pelsaert Group marine park to include a section of the seaward reef-
front habitat of Half Moon Reef and the lagoon west of Pelsaert Island."

3.7. Beagle lslands (Map lV-5)

This section of the centrdl West Coast represents the northern portion of major distinctive coastal tlpe 9
(see Section 1.1). It contains most of the typical habitat types and shares many features with the area of the
coast centring on Jurien Bay. However the Beagle Islands sector possesses some unique geomorphological
features and has special conservation values.

Tenure
The Beagle Islands are a Class "A" Nature Reserve. They are roughly 5 nautical miles offshore. The waters
within a radius of 3 nautical miles around the islands are State Territorial Sea. The inner part of that circle
intercepts the north-south line representing the limit of the State Territorial Sea described 3 nautical miles
from the mainland shore. Thus, most of the reef areas considered in this section fall within the coastal area
under State jurisdiction but some of the areas north and south of the Beagle Islands are outside State limits
and within Commonwealth waters.

There are at present no petroleum explontion tenements over the area of the continental shelf under
discussion in this section.

Cumorphology
The shore of this sector has a generally north-south alignment and consists of arcuate beaches backed by
cuspate dunes. There are several small rocky headlands composed of Tamala Limestone.

The offshore bathymetry is moderately complex with north-south aligned limestone reefs, some ofwhich
break in moderate seas. The most conspicuous offshore feature is the Beagle Island complex, consisting of
three limestone islands surrounded by reef shallows. A shallow sand bank (3-4 m depth) runs from the island
complex to the mainland.

A feature unique to the sector is the presence ofseveral scour or drainage channels running from the
mainland across the sea floor on the inner part of the continental shelf. These are not evident on available
bathymetric charts but are readily apparent on satellite imagery. Their origin is unknown.

There are no rivers entering the sea r.rithin this sector.

Marine flora and fauna
There is very little information on the marine flora and fauna ofthis section of the West Coast. There have
been no surveys and no comprehensive collecting has been done there. However, from aerial photography
and satellite imagery it is evident that there are very extensive seagrass meadows in the inter-reef lagoons
and on the large sand bank inshore of the Beagle Islands.
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There are anecdotal reports of extensive coral growth around the Beagle Islands, including tabulat Acropora,
but these have not been confirmeo.

The Beagle Islands are nesting ayeas for seabirds, notably the Bridled Tern, Roseate Tem, Pied Cormorant
and Wedge-tailed Shearwater. The Osprey, White-bellied Sea Eagle, White-faced Storm Petrel, Caspian Tern
and Silver Gull also nest there in small numbers.

The Beagle Islands are the site ofthe West Coast's largest breeding colony of the Australian Sea Lion (Gales

et al., 7992\.tJp to 200 animals have been counted there at any one time. In the 1989 breeding period 79
pups were counted on these islands. These figures suggest that protection of this breeding colony is of the
utmost importance as the species is in limited numbers on the West Coast and is declared to be in need of
special pYotection.

Fisheries
The reefs of this sector are important areas for the rock lobster fishery. There are seveYal small fishing
settlements along this stretch of coast and the town of Leeman is located just to the south. Recreational
fishing is limited.

Recreation
There is poor access to most of this coast, except at the small fishing settlements. The Beagle Islands are
remote and difricult to land on and they are rarely visited.

Pr eaious recomm endo tions
None

Worhing Group rccommendotions
atthoug:h limiied information is available on the marine habitats and flora and fauna of this part of the
central West Coast, the Working Group concluded that it has many of the characteristics ofthe region and
some particularly important features, most notably the very extensive seagrass meadows and the Beagle
Island! Sea Lion breeding colony. The scour channels across the seagrasses in the northem part of the
sector are worthy offuYther investigation.

In order to provide adequate protection to the sea Lion colony, the working Group considers that the
waters surrounding the Beagle Islands should be made a buffer zone by reservation for the protection of
marine flora and fauna. Given the impotance of the seagrass meadows along the adjacent coast, the
Working Group also believes that consideration should be given to the declaration of a multiple-use reserve
along that coast and suggests that this should extend about 30 kilometres from Knobby Head to a pointjust

north of Leeman. When taken together with the proposed marine reserve in the Jurien sector this would
reserve about 16% of the Port Denison to Whitfords coastal tlpe and adequately represent the marine
habitats and biota of the West Coast.

Accordingly the Working Croup recommends as follows:

"Consideration should be given to the reservation of State Territorial waters surrounding the Beagle lslands

and along the adjacent mainland between Knobby Head (29" 39') and a pointjust north ofLeeman (29" 55'),

for the purpose of protection of marine flora and fauna, with accommodation made fol the continuance of

th€ rock lobster fishery."

3.8. lurien (Map lV-6)

This section of the central west coast is regarded by the working Gloup as tlpical of the region (major

distinctive coastal type 9 - see Section 1.1) and contains excellent examples of all its characteristic habitat
types. It shares many features with the Beagle Islands sector.

Tenure
The State coastal baseline in this area is drawn between the major headlands and islands so that the 3
nautical mile limit of the State Teyritorial Sea lies well offshore and all the reef structures described below
are within the area under State jurisdiction.
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Essex Rock and Sandland, Favorite, Boullanger, Whitlock and Escape Islands are Class "A" Nature Reserves.
The mainland shore adjacent to the area under consideration has a variety ofpurposes and vesting including
townsite (Jurien), private, foreshore reserve for public recreation or public utilities, and nature reserve.

The coastal areas under consideration are abutted by offshore Petroleum Exploration Permit WA-228-P.

Gumoryhology
The shore ofthis sector has a generally north-south alignment and consists ofarcuate beaches backed by
cuspate dunes with several prominent sandy tombolas or dune-covered promontories and several rocky
headlands composed of Tamala Limestone.

The near-shore bathymetry is complex. Inside the 20 m isobath there is a series of prominent, elongate,
offshore limestone reefs, more or less parallel to the shore, protecting inshore lagoons. Many of the reefs
break in modente weather, some are exposed at low tide and some bear emergent rocks and islands. There
is a series of medium sized limestone islands (Sandland, Favorite, Boullanger, Whitlock, Escape, Cervantes)
which have well developed intertidal rock platforms, at least on their seaward sides.

The most conspicuous ofthe headlands is North Head which has moderate cliffs, wide rock platforms at sea
levelwith deeply undercut intertidal notches, and smallpocket beaches. Green Head, further north, is very
similar. Below low tide level the reefs are frequently deeply undercut and extensive underwater cave systems
are common.

Jurien Bay is the major embayment within distinctive coastal tlpe g of the West Coast. It has developed as
an erosional scallop into the interbarrier zone behind prominent offshore limestone reefs (see Semeniuk el
al., 7989, fr*. 11). It is wide, arcuate and westward-facing. Ronsard Bay further south is of similar but less
pronounced character.

The two principal sand promontories, Island Point and Thirsty Point, are developed behind protective near-
shore islands. Constructed by the same sedimentary processes, there are shallow sand banks connecting
near-shore islands and reefs to the mainland, most notably behind Favorite IsJand, Boullanger Island,
Booker Rock, Emu Rocks and North Ronsard Rocks. These are normal to the shore an{ tend to break up
the inshore laSioon system. However, moderately deep basins (lz-14 m) remain between the sand banks rn
several locations. Tlvo of the inshore basins are completely enclosed by the banks with restricted bottor.
circulation to the open sea. One of these is in Jurien Bay behind Favorite Island opposite the marina. The
other is south of Island Point, behind the Essex Rocks and Three Breaks Reef complex.

The Hill River reaches the coast within this sector. It has a small estuary of the riverine type with a
permanently closed entrance.

Flom and fauna
There has been no thorough survey of the marine flora and fauna of this sector although there is some
information giving the impression that th€ biota is both rich and diverse.

The dominant organisms are the seagrasses which form dense meadows on the shallow banks and at the
bottoms of the lagoons. Both species of Amphibolis, unidentified specie s ol Posidonia, Halophita oualls,
Sgringodium sp. and, Heterozostera tasmanica are recorded. It is likely that. when studied, the seagrass
flora will prove to be species-rich. There is no detailed information on the zoophytes and epiphytes living on
and associated with the seagrasses although some species characteristic of this habitat (eg. the molluscs'
Phasianotrochus irkodontes, Cantharidus lepidus, Ctena betla and Wallucina ictezca) aie known to be
abundant and it can be assumed that the seagrass community is diverse. Kelps dominate the sublittoral zone
where there are rock substrata. Rock platforms bear thick coverings of algal iurf.

Sand substrata between the seagrass meadows on the sand banks support a rich infauna ofbivalves and
other invertebrates. These include four species of irregular echinoids (sand dollars and heart urchins)
including Ammotrophus arachnoides which is otherwise not known north of Fremantle. The deep basins
between the sand banks are likely to have a different benthic fauna but they have not been investigated.

North Head within this sector and Green I{ead a few kilometres further north are very similar habitats.
There is no information on the relative richness of the respective plant and animal communities of these
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two rocky headlands and it is assumed that North Head adequately represents this type of habitat for the
West Coast. There has been some scientific collecting on the rock platforms and sublittonl rock habitats
around Whitlock Island which are especially rich in invertebrate species. A number of endemic South West
molluscs are at or close to their northem end of range in this arca, eg. Catnpanile sgmbolicum, Twbo
jourdani, Haliotis scalazs. This is the type locality of the rare endemic cowry Cypraea (Zoila) uenusta . It is
the centre of the West Coast and most of the West Coast endemic species are present on and among these
reefs. Assessment of the species composition of the molluscan fauna indicates that temperate species
dominate although there is a significant proportion oftropical species (Wlson, unpublished data). Limited
scientific collecting has revealed 18 species of echinoderm from the reefs in this region and more could be
expected (L.M. Marsh, pers. comm., May, 1993).

The well developed subli$oral rock and cave walls of this sector have an especially rich fauna of attachec,
suspensory feeding animals such as ascidians, sponges and gorgonian and hydrozoan corals. These
communities are extremely colourful and provide a magnificent spectacle for recreational divers. They.are a
feature ofthe West Coast yet remain virtually unstudied.

There are no coral reefs in this sector but individual coral colonies of 14 species belonging to 1l genera have
been recorded, some of them common, in the shallows of sheltered areas behind the offshore reefs (Veron &
Marsh, 1988). This includes 2 species of Actopora (A. hyacinthus and A. millepora).l ['th the exception ofa
few colonies of.4. yongei recorded at Rottnest these are the most southerly Western Australian records of
living Acropola.

Seabirds and Mammals
Like most ofthose along the central West Coast, the small islands and rock of this sector are breeding areas
for a variety of seabirds.

Sandland Island is an important nesting area for the Crested Tern and Pied Cormorant. Other birds recorded
breeding there are the Little Pied Cormorant, Wedge-tailed Shearwater, White-faced Storm Petrel, Eastern
Reef Egret, Osprey, Silver Gull, and Caspian Tern.

The other particularly important seabird islands in this sector are the three small islets comprising the
Essex Rock. Large numbers ofBridled Tern, Little Shearwater and Pied Cormorant nest there. Also
recorded are Wedge-tailed Shearwater, Eastern Reef Egret, Pied Oystercatcher, Silver Gull, Pacific Gull,
Caspian Tern, Crested Tern, White-faced Storm Petrel and Osprey.

Favorite Island is an important nesting area for the Little Shearwater. Other seabirds recorded nesting there
are the Wedge-tailed Shearwater, White-faced Storm Petrel, Pied Cormoranl Osprey, Pied Oystercatcher,
Silver Gull, Pacific Gull and Caspian Tern.

Boullanger and Whitlock Islands are important nesting sites for the Fairy Tern. Numbers ofPied Cormorant
nest on Boullanger and numbers ofBridled terns on Whitlock. Also nesting in this island group are the
Wedge-tailed Shearwater, Little Shearwater, White-faced Storm Petrel, Osprey, Pied oystercatcher, Silver
Gull, Pacific Gull and Caspian Tern.

In spite oftheir small size, Boullanger and Whitlock Islands support populations of the Dibbler
(Panntechinus qrbalr3), a native marsupial once common in the South West but now threatened with
extinction.

Sandy beaches on most of the islands in this sector are used to some extent by Australian Sea Lions. Of
particular importance is Sandland Island, near North Head, where numbers ofjuveniles are often present
(G. Pobar pers. comm., May, 1993). None ofthe islands in this sector are known breeding sites.

Fisheries
Jurien Bay is a major centre for the rock lobster fishery. A number of boats operate from Jurien. The
relatively protected bay is an important anchorage for the fleet and a serviced marina has been constructed.
South of Island Point there is a commercial mussel farm. PvoDosals are current for the location offish cage
farms in the area as well.
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Rectwtion
Jurien town has a population ofover 800 vesidents and is becoming a centre for tourist access to the
hinterland as well as for maritime recreation. There is some potential for developing dive tour and marine
oriented nature-based tourism activities. A whale-watching tour operated from Jurien during the 1992
Humpback migration season. However, public acces to the islands disturbs the seabirds and Sea Lions
which nest and rest there and such activities must be carefully managed. The populations of the Dibbler on
Boullanger and Whitlock Islands are especially wlnerable to disturbance.

Preaious reommenila tions
None.

Work ing Gmup remm m enda tions
Having considered the limited available information on the marine habitats and flora and fauna of the
central West Coast, the Working Group concluded that a section about 26 km long encompassing Jurien Bay
has excellent potential as a multiple-use marine reserve representing the regional environment, when taken
together with the Beagle Islands sector. As indicated previously, the two areas repyesent about 16% of the
Port Denison to Whitfords coastal tlEe.

The Jurien sector has complex bathymetry with well developed reef systems, emergent rock and islands,
extensive sand bank with dense seagrass meadows, rocky shores with wide rock platforms, several deep
semi-enclosed basins, and abundant and diverse marine flora and fauna. Consideration was given to a
stretch of coast further south, adjacent to the Nambung National Park, but that area has less complex
geomorphology and less diverse marine habitats.

The Working Group is aware that the rock lobster fishery makes extensive use of this area but believes that
is compatible with reservation for multiple-use purposes under existing legislation (see Part I).

Accordingly the Working Group recommends as follows:

"Consideration should be given to reservation of the State Territorial waters between latitudes 30" 12' and
30" 26', encompassing Sandland Island, North Head, Jurien Bay, Island Point, Boullanger, Whitlock and
Escape Islands and Booker Rocks, for the purposes of protection of marine flora and fauna and public
recreation. The Juden Boat Harbour should be excluded."

3.9. Shoalwater lslands Marine Park - Garden lsland and Carnac lslands Extensions
(Map lv-7)

The waters of Shoaiwater Bay and Warnbro Sound, were declared Class "A" Marine Park in May, 1990 (see
Section IV, 3.2). This section deals with a proposed extension of the marine park seawards to the limit of the
State Territorial Sea and northwards to encomDass the waters around Carnac Island and the western shorc
of Garden Island.

A bibliography of environmental studies in the southern metropolitan waters was published by Cary & Ryall
(r992).

Tenure
The boundaries of the existing marine park are shown on Map IV-7.

Carnac Island is a Class "A" Nature Reserve (No.26646). Garden Island is Commonwealth territory managed
by the Department of Defence. Point Peron is a recreation reserve vested in the Minister for Sport and
Recreation for recreation and education. The islands of Shoalwater Bay and Warnbro Sound within the
existing marine park are Class "A" natuye reserves except Penguin which is a Class "A" reserve for recreation
and camping.

The waters on the western side of Garden Island are under the control ofthe Department of Defence. A
section of the coastal waters between Collins and Callista Points has been gaz etted under the Fisheries Act
as a research ayea for use by CSIRO.
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Gamorphologg
The coast of this area is representative of major distinctive coastal type 10 (see Section 1.1). The
geomorphology ofthe existing Shoalwater Islands Marine Park has been briefly described in Section 2.6. The
areas proposed below for addition to the marine park have the following features.

The western shore of Garden Island is exposed to moderate wave-action and comprises long sandy beaches
between limestone headlands, although there are several semi-protected bays at the northern end. Wde,
intertidal rock platforms are cut into the fronts,of the headlands and there are numerous shallow reefs and
some rock islets close to shore. Carnac Island is almost surrounded by low limestone cliffs and intertidal
rock platforms, but there is a beach on the eastem side. A shallow sand sill, known as Parmelia Bank,
connects Carnac Island to the mainland and forms the northern side of the Cockburn Sound basin.

Offshore, west of Garden and Carnac Islands, there is a series of limestone ridges on the seabed, generally
trending parallel to the coast. These are the remains of consolidated Pleistocene dune systems formed
during periods of low sea level. The ridges are deeply undercut and cavernous. Between them there are
sandy gutters. The largest of the ridges is Five Fathom Bank, approximately five kilometres offshore. This
bank is one of the major structural features ofthe central West Coast.

FIom and fauna
The intertidal flora and fauna of the Carnac Island rock platforms have been described in detail by Marsh &
Hodgkin (1962). These communities are species-rich but lack the high proportion of tropical species present
in the comparable intertidal rocky shore communities of Rottnest Island. The Carnac and Garden Island
rock platform communities may be considered as representative of this habitat Bpe on the central West
Coast.

The seagrass meadows of Parmelia Bank are exceptionally dense and prolific. They represent one ofthe best
enmples of this community type on the West Coast.

There has been no survey ofthe flora and fauna of the offshore submerged limestone ridges. Nevertheless,
several of the Working Group members have dived there and report that reefsurfaces exposed to sunlight
bear very dense growths of macroalgae and seagrass and that the shaded ledges and cave walls bear prolific
growths of suspensory-feeding invertebrates. There are large areas ofseagrass meadow in the sandy gutters
between the ridges.

Fisheries
The offshore limestone ridges are the habitat of rock lobster and this area is an impodant fishing ground of
the rock lobster fishery, the vessels operating from Fremantle and Rockingham. Recreational fishers also
make extensive use of this area.

Pre o iou s recom m e nda tions
See Section 2.6 for details of the existing Shoalwater Islands Marine Park and its boundaries.

In the System 6 report (1983) the EPA remmmended that "a study be commissioned by the Environmental
Protection Authority with the aim of establishing a Marine Reserve to be managed for the purposes of
conservation and education" around Carnac Island, showing boundaries (Fig. 35) encompassing Shag, West,
South West and Flat Rock. This recommendation has not been implemented.

Working Group rccommenda tions
The Working Croup notes the increasin! recreational use of the waters off Carnac and Garden Islands and
the importance of these areas for research and environmental education. Although no study ofthe Carnac
Island area has been carried out as recommended by the EPA, the Working Group believes that sufficient is
known ofthe marine communities and recreational activities in the area to justifo reservation. However,
there would be merit in extending the marine reserve southward to link with the existing Shoalwater Islands
Marine Park and providing added pyotection to the western shores of Garden Island. The Working Group
also believes that the representativeness of the reserve would be greatly increased ifits seaward boundary
was located at the limit of the State Territorial Sea, thus incorporating a section of the submerged limestone
ridge known as Five Fathom Bank.
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Accordingly the Working Group recommends as {ollows.

,'Consideration should be given to the extension of the Shoalwater Islands Marine Park seaward to the limit
ofthe State Territorial Se4 northward along the westem shores of Carden Island and Camac Island, and for
1 nautical mile east of Camac Island, retuming to Beacon Head on the north-eastem corner of Carden
Island."

3.10. Peel-Harvey lnlet (Map Iv-8)

The Peel-Harvey Inlet is one of the three large estuarine systems on the West Coast. There are two distinct
parts of the complex which have rather different structure, known as Peel Inlet and Harvey Estuary. (Note
the local convention of calling one an inlet and the other an estuary. They are both estuarine and equall;
definable as inlets.)

The Peel-Harvey system is at present subject to severe eutrophication resulting mainly from input of
nutrients from farming lands in the catchments. It is also one of Western Australia's most important
recreational areas, the site of significant recreational and commercial fisheries, and an internationally
important waterb ird and wetland habitat.

Because of these social, economic and environmenhl values the Government has invested heavily in an
attempt to correct the pollution problem. This effort includes construction of a second, artificial channel to
the sea which will increase the tidal flushing ofthe estuary and many detailed studies of the physical and
biological features of the area leading to proposals for management (Hodgkin e, a/., 1980; Peel-Harvey
Study Group, 1985 (a) and 1985 (b); Hodgkin et. al., 1985; EPA Bulletin 363, 1988; Waterways Commission
Repori No.27, 1992). There have also been several symposia on the subject (D.C.E. Bulletins No. 136, 1983;
No.l60, 1984; No. 195, 1985).

This account will not attempt to summarise the wealth of information to be found in the above publications.
The following brief notes relate specifically to the possible reservation of estuarine areas.

Tenurc
Pursuant to the provisions of the Waterways Conservation Act 1976 (see Part I) the Government established
the Peel Inlet Management Authority in 1977 and declared the Peel Inlet and Harvey Estuary a Management
Area. The Authoyity has overall responsibility for protection and management of the inlet, in collaboration
with other State and Local Government authorities with statutory responsibilities in the area.

Public land around the periphery ofthe inlet has a variety ofvestings. Near the entrance to Peel Inlet there
are extensive supratidal samphire flats and two low islands, Creery and Channel, which uere recently
declared nature reserves. In the delta of the Serpentine and Murray Rivers there are many islands with a
variety of vestings. One of these, Ballee Island, is reserved as "national park" vested in the Shire ofMurray.
On the eastern and southern shores ofPeel Inlet itselfthere is a nature reserve (No.4990). On thatside ol
the inlet there are extensive mud and sand flats that are exposed at low tide. A layge part ofAustin Bay is
intertidal and is a nature reserve (No. 28087) declared under the Land Act. Most of the land bordering the
eastern side ofthe southern end of Harvey Estuary is nature reserve (Nos 2375 6.2738,24739).

The whole of the Peel-Harvey Estuary, and the surrounding nature reserves (ie. excluding private lands) is
included within the Peel-Yalgorup Wetland of International Importance on account of its very high value as
habitat for waterbirds. Listing ofthe wetland was proposed by the Western Australian Government in
February 1990 and it is now included in the List of Wetlands of International Importance under the
RAMSAR Convention to which Australia is a signatory. Listing imposes on the State an obligation to ensure
that the environment is adequately protected against changes that may be detrimental to its function as
wetland habitat.
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Geomotphologg
Accounts ofthe physical features ofthe estuary are given in Hodgkin et al. (1980) and Hodgkin et al. (7985).

Peel Inlet is a wide saucer-shaped basin with a narrow channel to the sea. It has a central portion about 2 m
deep surrounded by shallow and intertidal flats which are very wide on the eastern and southem sides and
grdde into supratidal samphire flats and marshes. The Murray and Serpentine Rivers flow into the north-
eastem corner and have formed a large delta.

Harvey Estuary is an elongate barrier estuary formed behind Pleistocene dune ridges, discharging to the sea
through Peel Inlet. It has a central channel, also about 2 m deep, bordered by shallow sand flats, principally
along the eastern side where they grade into supratidal samphire flats and marshes. The Harvey River flows
into the southern end of the estuary forming a prominent delta.

The eastem side of Peel Inlet and the southern end of Harvey Estuary have wide intertidal mudflats and
slope gently upwards to wide samphire flats and marshes.

The Mandurah Channel through which the estuary discharges to the sea was partly barred at the mouth and
partly occluded at its inner end by delta flats and samphire islands. These barriers and the narrowness of the
channel restricted tidal flow. The channel has recently been deepened by dredging to remove these barrievs
as part of the estuary management program. A second, artificial channel (the Dawesville Cut) has been
constructed through the barrier dunes at Dawesville, near the point where the Harvey Estuary joins Peel
Inlet. This is intended to increase tidal flushing and assist in remo\rdl of excess nutrients by tidal flow.

Prior to these channel works tidal amplitude seldom exceeded 0.1 m. Water level within the estuary may
vary over a greater range than this as a result ofweather conditions. Salinity in the estuary rdnges from
nearly fresh in winter to hlpersaline in summer (up to 50 ppt). The lowest summer salinities occur at the
southern end of Harvey Estuary. Even though it is so shallow, stratification of the estuary occurs when the
rivers flood. The Dawesville Channel is expected to increase tidal amplitude within the estuary and reduce
the annual range in salinity so tha! on average, conditions will be more like that of seawater (Hodgkin ef
a/.. 1985).

Flora and fauna
The aquatic flora and fauna of the estuary is depauperate, largely as a result of the severe salinity regime.

There are no extensive seagrass meadows in Peel-Harvey inlel a/though three seagrass species are present.
Zostera mucronata grows in a small area near the present channel entrance. Ruppia megacalpa is common
in the shallows and Halophila oualis is common in the deeper areas (Hillman, 1985). It is believed that
Ruppia and Halopfu'la were once the dominant plants in the estuary, uith the former most abundant in
Harvey Estuary (H odgkin et a1.,1985). Since about 1960, with the development of the eutrophication
problem, macroalgae and planktonic algae have displaced them.

The principat macroalgae in the estuary are benthic species of Clndophorg Ulua and Chaetomorpha and the
epiphytic Ent uo morp h a.

Supratidal flats, especially well developed along the eastern and southern shores ofPeel Inlet and the
southem shores of Harvey Estuary are vegetated with Sorcomia, Juncus kraasli and other marsh plants.

Wells & Threlfall (1981) recorded only 13 species of molluscs in the estuary, ofwhich five true estuarine
species are dominant. Nevertheless, in terms ofbiomass some of these are of utmost importance (Wells et
a/., 1980). I\uo tiny estuarine molluscs, the bivalve,4rtft itica semen and Ihe gastropod Hgdrococcw brazieri
and sevenl ofthe estuarine polychaetes are extremely abundant on the tidal flats and provide the bulk of the
footl for wading birds. Marine invertebrates and estuarine species with marine afiinities are restricted mainly
to the vicinity of the entrance channel and the deeper parts of the estuary which are less subject to
freshwater inundation (lVells el a/., 1980).

The fish fauna of Peel-Hawey Estuary has been described by Lenanton (1974a) and Chalmer & Scott (1984).
The latter authors list a total of33 species of fish from the two portions of the estuary.
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The Peel-tlawey Estuary is the most imporhnt area in southern Western Australia in terms ofthe total
numbers ofwaterbirds which feed there (Jaensch, 1993). Over 110 000 birds were recorded there in 1977. A
total of 67 species ofwaterbird have been recorded in the estuary. For some of these species the largest
populations recorded in the south-west are from this estuary, eg the Little Egret (Wretta garzetfa,) and the
Royal Spoonbill (Platalea regia). Nlore than 60,000 Banded SfilIs (Cladorhgnchus leucocephahs) were
counted there in 1977. It was largely for these reasons that the Peel-Harvey Estuary was listed as a Wetland
of International Importance under the MMSAR Convention in 1990.

Etrects of the Dawesuille Channel and other management prograns
At various stalies in the development of eutrophication, macroalgae and planktonic algae have bloomed and
created severe fouling ptoblems in the estuary. Since 1980, spring and early summer blooms of the
planktonic nitrogen-fixing algae.fr'odalaia have crcated, even greater fouling problems. Although these
algae normally play a necessary role in the nutrient cycling and food chains of the estuary their blooms
have become such a problem that the estuarine ecosystem is now in danger of complete collapse. Mass
mortalities offish, crabs and other invertebrates in the estuary have become a common event as a result of
deoxygenation of the deeper waters during Nodularia blooms.

The present catchment management progyam, dredging the Mandurah Channel and construction of the new
Dawesville Channel, are intended to reduce nutrient enrichment and eutrophication and restore the estuary
to a healthy condition. However, these actions will do more than that. By making the estuary more marine
they may entirely change the nature of the ecosystem (Hodgkin et al., 1985). The possible effects of these
changes on the estuarine biota have been discussed by severdl authors in DCE Bulletin 195 (1985).
Nodulariq which cannot tolerate high salinity, may no longer be subject to periodic blooms. Species
diversity is likely to increase as more marine species invade the estuary. Fluctuations in abundance are
likely to decrease as the range ofsalinity is reduced and the periods of freshwater inundation become
shorter. Periodic mass mortality offish and invertebrates will be less frequent. Seagrasses may become more
abundant (although in the short term there may be a retum to Cladophorablooms). These changes are
likely to have overall positive effects. 0n the possible down side, it is likely that the biomass ofbenthic
estuarine invertebrates on the tidal flats will be reduced (Chalmer & Hillman, 1985). This may have an
adverse effect on the waterbird population (J. Lane pers. comm.). A concem has also been raised that the
increased tidal range may have adverse effects on vegetation and bird nesting sites around the periphery of
the wetland.

Fisheries
The Peel-Harvey Estuary supports the largest commercial and recreational estuarine fishery in Western
Austnlia.

Recteation and tourism
The Peel-Hawey Estuary is one of Western Australia's most important recreation areas servicing the
metropolitan Perth community as well as people living in the district. It is the major tourist attraction of
the district (Waterways Commission Report No. 27, 1992). Details of recreational activities and commercial
tourism in the area are described in the Mandurah Tourism Development Plan. Most of these activities
concentrate in the northern parts ofPeel Inlet and the westem shores ofthe Peel and the Harvey Estuary.

Prcdous rccommendo tions
The EPA System 6 Report (1983) recommended that three areas within the Peel-Harvev svstem should be
declared aquatic reserves:

C 50-3 "That the area ofwater surounding Reserve C8185 lCreery Islands] at the entrance to Peel Inl€t be
declared an Aquatic Reserve and vested in the WA. Wildlife Auihoriiy.,,

C 50.5 "That the area ofwater to the u,est of Reserve 84990 be declared an Aquatic Reserue and vested in the
WA. Wildlife Authority."

C 51.3 "That the area ofHarvey Estuary south of the "Ford,,be declared an Aquatic Reserve and that the
Reserve be vested in the WA. Wildlife Authoritv.',
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More recently (1993, EPA Bulletin 695) the EPA considered the potential environmental impacts ofa
proposal to develop a canal eJtate on land adjacent to the proposed aquatic reserve but did not refer to its
earlier recommendation (C 50.3).

It should be noted that, in respect of recommendation C 50.5, the recommended area abuts the northern
side ofthe former Austin Bay Nature Reserve No. 28087 (nou, part of the extended Reserve 4990) which
covered the intertidal flats of the south-eastern side of Austin Bay. In effect C 50.5 would extend that reserve
northwards to encompass all the shallours on the eastern side ofPeel Inlet. Aquatic reserve status was
recommended because it includes an area ofsubtidal waters which cannot at present be reserved under the
Land Act.

All three areas were recommended as aquatic reserves because at that time there was no provision for
declaration of marine nature reserves. The Conservation and Land Management Act 1984 provides that an
aquatic resewe under Section 30 of the Fisheries Act may not be declared for any purpose which could be
met by declaration of the area as a marine park or marine nature reserve under the Conservation and Land
ManagementAct. In keeping with the intent of the System 6 recommendations the appropriate reserve
category for the three proposed areas under present legislation is marine nature reserve, with vesting in the
National Parks and Nature Conservation Authority, the successor o{ the WAWildlife Authority.

In its Peel Inlet Management Program 1992, the Peel Inlet Management Authority (lVaterways Commission
Report No 27, 1992) recommended as follows (page 40, recommendation 20): "Support the implementation
ofthe System 6 Recommendations C 50 and C 51 and provide technical advice concerning these areas if
appropriate."

Howevet this recommendation is not entirely consistent with area recommendation A 91 of that
Management Program (page 87) which refers to the same area as System 6 area C 51 but reads:

"Create a Conservation Reserve south of a line between Island Point and Herron Point. Incorporate all of
the Harvey Estuary south of this line into the reserve. Vest reserve in the WWC [Waterways Commissionl
until Peel-Harvey Regional Park is established, CALM to prepare a management program."

This last recommendation cannot be implemented under present legislation. Reserves vested in the
Waterways Commission must be declared under the Land Act but subtidal lands cannot be declared under
that Act. Vesting ofthe subtidal areas in question in the Waterways Commission would require special
legislation or an amendment to the Land Act.

Work in g Gmup recommentlo tions
Notwithstanding the present polluted condition of the Peel-Harvey estuary, the Working Group believes that
parts of this estuary have very high value as habitat for waterbirds, including migratory waders whose
protection is subject to international treaties, and warnnt reservation as an added protection measure.
Changes to the estuarine ecosystem following the opening of the Dawesville Channel are likely to be, on the
whole, beneficial although the effects on waterbird feeding, roosting and nesting habitats will need to be
carefully monitored.

The recreational and fishing activities in the Peel-Harvey Estuary are at present adequately controlled under
the authority of the Peel Inlet Management Authority and the Fisheries Department. Accordingly the
Working Group:

"1. Endorses th€ r€commendations in the DPA System 6 report for the reservation of three areas within
Peel-Harvey Inlet, namely:

. the waters suffounding the Creery Islands at the entrance to Peel Inlet (C 50. 3);

. th€ waters and intertidal lands in the eastern part of Peel Inlet and south of the Yunderup, adjacent
to Nature Reserve No 4990 delta (C 50.5);

. th€ waters of Harvey Estuary south of a line between Herron Point and Island Point (51.3)

for the purpose of protection of flora and fauna, specifically for the protection ofwaterbirds and their
habitatr.
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"2, Suggests that the lower reaches ofthe Harvey River as far upstream as the southern boundary of Nature
reserve No.23756 should be included within the teserved area

"3. Notes thal under present legislation subtidal waters reserved for this purpose must necessarily be
declared marine nature reserve and vested in the National Parks and Nature Conseruation Authority.

"4. Notes that the Peel-Harvey Estuary is a declared management area under the control ofthe Peel Inlet
Management Authority and recommends that a yeview of legislation be undertaken to find the most
effective management structuYe to ensure collaboration between the several Covemment a€lencies and
Statutory Authorities which would have responsibility for management of areas of the inlet declared marine
nature reserve under the CALM AcL"

3.1l. Leschenault Inlet and Estuary (MaD IV-g)

The Leschenault estuarine system is the most southerly ofthe three large West Coast estuaries. Its southern
end is the site of rapid urban and industrial development associated with the regional centre and port of
Bunbury. Its shores, and to some extent its waters, have been modified by that development. Nevertheless,
the Leschenault Estuary and Inlet comprise an important estuarine system for public recreation, tourism
and consenation, and x a nursery area for marine fishes and crustaceans.

This unit, novr comprising two parts, was previously a single estuary known as the Leschenault Inlet. The
original outlet to Koombana Bay was closed in 1951 and a new one, known as The Cut, constructed through
the Leschenault Peninsula opposite the Collie River. The mouth of the Preston River was realigned in 1968-
69. Substantial land reclamation at the south western end of the estuary relating to the development of the
Inner Bunbury Harbour in 1971 resulted in the isolation of the waters ofthat area from the rest of the
system, with its own artificial outlet to Koombana Bay. That small lagoon is now known as Leschenault
Inlet and the larger area as Leschenault Estuary.

Tenure
The waters of the Leschenault Inlet and Estuary and the lower reaches of the Collie and Preston Rivers and
their tributaries comprise a declared Management Area under the wateruays conservation Act with
management authority devolved from the Waterways Commission to the Leschenault Inlet Management
Authority.

The land surrounding the estuary and inlet has a \rdriety of vestings, summarised in the Leschenault
Waterways Management Program, 1992 (Waterways Commission Report No. 26). The majority of the natural
and reclaimed land around Leschenault Inlet is reserved for public use or leased for uses associated with the
Port of Bunbury. The southern foreshore ofLeschenault Estuary is mostly subject to the zoning scheme
relating to the port, while its eastern and northern shores are mostly reserved for public uses. ihe western
shore, that is the inner shore of the Leschenault Peninsula, is Conservation Park vested in the National
Park and Nature conservation Authority for protection of flora and fauna and oublic recreation.

Camorphologg anil hytlmlogy
Leschenault Inlet is so modified that it is not appropriate to classify it as any natural type. It should be
regarded as an artificial lagoon but with remnants of its natural features and retaining important
conservation values. water depth is generally about 3 m but there are emergent muddy sand banks along
the northern and eastern shores. A portion ofAnglesea Island (a mud island with mangroves) remains aithe
eastern end of the Inlet.

Leschenauit Estuary is a barrier estuary (type 2a of Hesp, 19g4) very like the Harvey Estuary except that it
has its own (now artificial) outlet to the sea. Klemmet al, (79g71have compared the physical features of
Leschenault with those ofthe Peel-Harvey Estuary. The geomorphology ofLeschenault iras been described
by Semeniuk & Meagher (1981) and Leprovost e/ a/. (lgg3). It is a long, narrow lagoon between dune
limestone ridges, separated from the sea by the Leschenault Peninsula, now with an artificial channel near
its southern end. water depth varies from 0,3 m on the peripheral muddy sand flats up to 3 m in the central
channel. In some areas the peripheral intertidal flats grade up to supratidal samphire and sedge flats.

Tidal range (both astronomic and barometric) is about 0.3 m, sufficient to achieve thorough flushing of the
estuary.
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1$o major rivers, the Collie and the Preston, enter the south-eastern side of the estuary. The Collie has a
well developed delta but the entrance of the Preston has been realigned and greatly modified. Although the
upper part of the estuary has no rivers it receives significant freshwater discharge from dninage and
seepage.

As a result of the efficient artificial channel and the upstream damming of the Collie River, the waters of the
estuary are now less brackish than they were (Hodgkin & Smith, 1971; Semeniuk & Meagher, 1981). Like
the other highly seasonal southern Westem Australian estuaries which are permanently open to the sea,
Leschenault oscillates between marine conditions in summer. to brackish conditions in winter. In summer
evaporation produces local areas of hypersalinity. Being relatively remote from the outlet channel, the
upper part ofthe estuary tends to be subject to a greater seasonal range in salinity but less daily variation
than the southem parts.

Flora ad fauna
The most southerly occurrence in Westem Australia of mangroves occurs on Anglesea Island in Leschenault
Inlet. At this location there is a small mangal consisting of one species, Aaicennia marina. The fact that
these trees have persisted through such drastic modification oftheir habitat is remarkable. However,
whether they are reproductive has not been studied and the long-term survival prospect of this community
is in question. Another small mangal ofthe same species occurs on the western side of the Leschenault
Estuary.

The seagrass Halophila oualis covers much of the floor ofthe estuary in water less than 2 m deep (Hodgkin
& Smith, 1971; Meaghet, 797I\. Ruppia megacarpa and Heterozostera tasmanica are common on the sandy
flats along the eastern side and Zostera muctonata is present near the entrance channel.

The brown alga.F/ormophgsa triquetra is a significant macrophyte, especially along the eastern and
northern shallows where it may dominate over Halophila. The dominant green algais Chaetomorpha
/murz which is most common on the northern flats. The red alga Gracilaria sp. is widely distributed
throughout the estuary.

Spring and early summer blooms of macrophytic and planktonic algae do not appear to be a problem in this
estuary at this time.

Much ofthe foreshore vegetation ofthe Leschenault Estuary has been heavily modified since European
settlement. The shore itself commonly has a fringe of"/rzncus. Extensive samphire flats occur along the
southern shores, merginginto Melaleuca and, Casuarina woodlands. Similar vegetation once dominated the
northem shores but much of this has been cleared.

The fish and aquatic invertebrate fauna of the estuary have been studied by Meagher (1971), Wells &
Threlfall (1981), LePrcvost et al. (1983), Chalmer & Scott (1984) and Van de Wele (1987).

The number of benthic species of invertebrate is greatest close to the channel where the salinity varies least
from that of seawatet that is in the southern part ofthe estuary. Fewer species occur in the northern part of
the estuary where freshwater persists for longer periods. The suite of common mollusc, polychaete worm
and small crustacean species in Leschenault Estuary is the same as that in the Peel-Harvey and Swan
Estuaries (Wells & Threlfall, 1981; LeProvost el a/., 1983). For example, the bivalved molluscs Arthritica
semen, Spisula trigonella, Tellina deltoidalis and Anticorbula amara, the gastropods flydlococcus brazieri,
the polychaetes Ceratonereis ergthraeensis, Haploscolopus kerguelensis and hionosprb sp., and the
amphipod Paracorophium are exlremely abundant on the peripheral sand flats and at times form a dense
biomass, especially in the northern part ofthe estuary ffan de Wiele, 1987). Figures published by LeProvost
el a/. (1983, Table 7) indicate that the densities of benthic species in Leschenault Estuary are of the same
order of magnitude as those in comparable habitats in the Peel-Harvey and Swan Estuaries.

The estuary is an especially important nursery area for the blue manna crab Portunus pelagicus (Meagher,
1971).

Part IV - 45



The fish fauna of Leschenault Estuary includes over 40 species, listed by LePtovost et al' (1983). The
distribution offish species in the estuary shows similar patterns to the invertebrates, the largest number of
species being present near the channel (Chalmer & Scott, 1984). Although few of the fishes in the estuary
breed there, the high production ofseagrass, algal and invertebnte biomass during spring and summer
provides food to support nursery areas for a number of fishes including whiting, bream, mullet, tailer,
flathead, cobbler and flounder.

According to a report by Ninox Wldlife Consuliing (1989), the Leschenault Estuary is less important for
waterbirds than other West Coast coastnl estuaries and lagoons in terms ofthe total numbers ofbirds
counted. Nevedheless, it is an important summer refuge and feeding area for some species during the
summer months when many wetlands els€where dry out. In the Ninox report 62 waterbird species are
recorded. It is a crucial feeding area for the Great Egrets which breed at nearby Morangeral Swamp. Other
birds which occur in large numbers include the Little Egret, Grey Plover, Bar-tailed Godwit, Great Knot and
Black Swan. large numbers ofAustralian Pelican feed in this estuary.

The most important part ofthe estuary for waterbirds is the northern area, both the intertidal flats and the
supratidal samphire flats. The high biomass of invertebrates and the seagrass 114lop hila oualis in the
shallows of that area provide the birds with abundant food at a critical time of the year. The equivalent
habitats on the south eastem side in the vicinity of the Preston River mouth are also of importance for the
same reasons.

Recreotion
Leschenault Estuary is a popular site for boating and fishing during the summer months. There are several
boat launching nmps within the estuary although the shallow waters limit the use of power boats. Water
skiing is prohibited. Crabbing by wading across the shallows and using hand nets is a traditional activity in
the estuary.

Pteuious recommendo tions
In its System 6 Report (1983) the EPA made several recommendations foy management and pollution
control of Leschenault Estuary (Recommendation C66) but did not recommend reservation of any of the
intertidal or subtidal areas.

Recommendation C68 of the DPA's System 6 Report deals with Anglesea Island and the land and waters
along the northern side of the Leschenault Inlet. The recommendation was that the remains of the island
and a portion of the adjacent land on the north shore should be reserved for conservation of flora and fauna
and vested in the WAWldlife Authority, and that "the area ofwater, as shown in Figure 47, be added to ...
the reserve. lt is difficult to interpret the illustration given because ofthe subsequent reclamation in that
area. The southern foreihore with its small piers was not included.

The Leschenault Inlet Management Authority in its 1992 Management Program (Waterways Commission
Report No. 26, pp. 33-34)) discussed the matter of vesting subtidal areas for the conservation of flora and
fauna which, at present, can only be done under the CALM Act with vesting in the National Park and
Nature Conservation Authority. It concluded that 'rit will be necessary to amend the l,and Act to enable Land
Act reserves to be created below low water mark" and recommended that this be done.

The Management Progrdm went on to recommend that three aquatic areas be reserved for rrconservation of
flora and fauna and protection ofthe environmenf'. These were:

. The northern estuary above Waterloo Head;

. Vittoria Bay (Turkey Point to Pelican Point, including the Preston River mouth);
o The Leschenault Inlet affected by System 6 Recommendation C68.

It also recommended that, after amendment ofthe Land Act as above, "the appropriate agencies for vesting"
should be identified. No reasons were given why the three areas should not be reserved under the existing
CALM legislation with vesting in the National Park and Nature Conservation Authority.
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Working Ctoup rccommeulations
Although Leschenault Inlet and Leschenault Estuary have been considerably disturbed and modified by
urban and industrial development, the Working Group believes that they retain important \alues for both
public recreation and consewation.

The present arrangement whereby these waterways are managed by the Leschenault Inlet Management
Authority under the authority of the Waterways Conservation Act is entirely satisfactory as a means to
protect and manage those values and there would be nothing to be gained by reservation of the whole
estuary and inlet as marine park.

Nevertheless, as an added protection there would be merit in reserving the most important areas for
conservation of flora and faun4 notably the important waterbird aYeas and the mangrove areas, specifically
for that purpose. These are correctly identi{ied in the 1992 Leschenault Waterways Management Program.

Accordingly the Working Group recommends as follows:

,,The following areaj should be reserved for the protection of aquatic flora and fauna and waterbird habitat:
(i) L€schenault Inlet;
(ii) two areas of Leschenault Estuary:

a) the northem estuary above Waterloo Hea4 and
b) Vittoria Bay (Turkey Point to Pelican Point, including the Preston Rivev mouth).

"The most appropriate reserve category is marine nature reserue. Management should be carried out in
collaboration with the Leschenault Inlet Management Authority."

3.12. Geographe Bay - Cape Leeuwin (Map IV'fO)

The area considered here encompasses two major distinctive coastal types, the low profile, low energy, sandy
shores of Geographe Bay and the high profile, high energy, rocky shores of the Naturdliste-Leeuwin Ridge
(see Section 1.1). They are considered together because they are contiguous and could form a single
management unit. At the southem end ofthe sector the estuary ofHardy Inlet forms another contiguous
but distinctive coasial type which could also be managed as part of the same unit but it falls within the
South Coast Sector and is best considered with other South Coast estuaries. Hardy Inletwill be dealtwith in
Part V.

The State Planning Commission initiated a planning study of the Leeuwin-Naturaliste Ridge. Stage 1 of that
project culminated in the Leeuwin-Naturaliste Planning Study released for public comment in Augusl 1987.
The report noted the significance of the marine environment and marine flora and fauna but did not
consider or recommend declaration of marine reserves.

Tenurc
The foreshore of Geographe Bay is largely private land with a narrow fringe ofbeach front reserved for
public purposes and veited in the respective local authorities. The townsite of Busselton occurs at the centre
of the sector.

The status of the foreshore along the Naturaliste-Leeuwin coast is vayied. Much of it is national park vested
in the Nationat Parks and Nature Conservation Authority. There are townsites at Dunsborough, Cowaramup
Bay, Prevelly and Flinders Bay.

Sugarloaf Rock at Cape Naturaliste, Hamelin Island in Hamelin Bay and St. Alouarn Island off Cape Leetruin
are Class "A" Nature Reserves. A number of other rccks and islets along the coast are Vacant Crown Land'

Geomotphologg and physical featurcs
The Leeuwin Bjock ij a nised horst, separated from the sunkland of the Perth Basin by the Dunsborough
Fault. It has an elevation of up to 200 m and is also referred to as the Leeuwin-Naturaliste Ridge. The
Leeuuin Complex consists of intensely deformed plutonic igneous rock, mainly granite and gneiss (Peers,
1975; Myers, 1990). To the west of it lies the Yallingup Shelf, an area of shallow basement extending to the
continental slooe.
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At Dunsborough the Proterozoic granites and gneisses give way to the euaternary calcareous sand beaches
of Geographe Bay. The Bay is gently arcuate with low foredunes (Quindalup Dunes) forming a barrier
between the sea and a series of interdunal laloons and marshes. A number of small rivers enter the lagoons
but are barred from the sea by dunes. The Vasse-Wonnerup lagoons have lock at their outlets and arJ
managed as artificial freshwater wetlands although previously (prior to the 1930s) they were barred
estuaries. (Although these lagoons have high conservafion value as waterbird habitat they are not regarded
as estuarine and parts are already declared as nature reserve under the Land Act.)

At the western end of Geognphe Bay, between Dunsborough and Busselton the shore is relatively sheltered
but east ofBusselton, as the bay curves northward, the shore becomes progressively more expose6 to the
prevailing westerly winds and swells. The seabed is gently shelving and consists of Holocene iediments over
Pleistocene limestones and cla)6. The sediments have been described by Searle & logan (1928). A record of
older Pleistocene shorelines is preserved as limestone ridges parallel to the present beach, both onshore and
offshore.

A conspicuous feature is the Dunn Bay sandbar a few hundred metres offshore between Dunsborough and
Quindalup. This structure is actively growing. It is now partly emergent at high tide and cuts off a Jhallow
lagoon between it and the beach. Further eas! by contrast, the beach is eroding and artificial groynes have
been constructed to control regression of the shore.

The granites and gneisses of the Leeuwin complex are eroded by the sea to form sloping rock faces on
exposed headlands and rounded boulder fields in more sheltered situations. There are coarse sand beaches
between the headlands. At several locations along the western side ofthe Leeuwin Block (eg. yallingup,
Hamelin Bay), Quaternary aeolianite limestones have been deposited over the granites andlneisses] 

' '

sometimes $'ith considerable thicknesses. These tend to form limestone cliffs along the shoie, fronied with
intertidal limestone rock platforms. Thus the shore ofthis sector is quite complex with a ranle ofvery
different habitats.

There is one small estuary on the Leeuwin-Naturaliste coast at the mouth of the Margaret River. It is of the
barred riverine type (Hesp, 1984). Flsewhere there are many freshwater springs alon!'the shore, especially
where the aeolianite-granite junction occurs near shore level. Caves are also .orrnon in thut .iiuuiion.

In summer the cool West Australian Current flows northward along this shore and sweeps around into
Geographe Bay. But in late summer and winter the Leeuwin Current flows southwards offthe West Coast. In
some years it reaches as far south as Cape Leeuwin, "turns the corner" and flows across the face ofthe South
Coast' This current has a major impact on the marine environment ofthe Leeuwin-Naturaliste coast.
Autumn and winter sea temperdtures at Cape Naturaliste are usually 2-3 degrees higher than in Geographe
Bay.

FIom and fauna
Geogtraphe Ba!
The flora and fauna of Geographe Bay are of temperate affinity although there is a significant endemic West
coast element and some tropical species. Much of the seabed in the Bay is a sand plain. The benthic
community of the inner part of the Bay is dominated by monospecific stands o f the seagrass posidoniq
srnaosa with smaller areas of other seagrasses, most com monly Amphibotk griffithii a;d A. antarctica(walker et a1.,1987). The Geographe Bay seagrdss meadows are the most extensive on the west coast,
except perhaps for those in Shark Bay. Seagras meadows are known to occur to depths of at least 45 m andhave been observed by remotely controlled video camera and from LANDSATT" imigery lxirt<man, pers.
comm.).

-Lim€stone ridges paralleling the shore are a common feature of the seabed, especially in the western part ofthe bay.-They are low (rarely more than 1 m high) and often undercut with ledges and cavities. These riogesprovide hard substrates for macroalgae and suspensory-feeding invertebrates srich as sponges and ascidians.I\uo. species of seagrass, Thalassodendron pachgrhbum and Alnphibolis antarctica grow a:ttzched to thesehard substrates. At the western end of the bay, ie. west of the Dunsborough Fautt nJween Cipe ll.triirlrt,and Dunsborough, there are seabed outcropJ of granite and gneiss providing a different type ;f ha;;substrate for benthic macroalgae and invertebrates.
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There is a rich epiphytic flora of algae and fauna ofinvertebrates associated with the seagrass meadows. This
community tlDe is very distinctive and chancteristic ofsouthern Western Austnlia. Small trochid
gastropods are a dominant feature. Several invertebntes are specifically adapted to this habitat, eg. two
small chitons ofthe southern Australian endemic genus Stenochiton which are elonpiate and live attached to
the blade-like fron ds of Posidonia. The seagnss meadows also serve as important nursery areas for
commercially valuable fishes and crustaceans.

Corals are common as individual colonies growing on rock substrata, especially at the western end of
Geographe Bay ( presumably because of the influence of the Leeuwin Current). Veron & Marsh (1988) list 14
species of seven genera from the area. These include four species of Turbinariq one ofwhich forms very
large, foliose coralla up to 4 m in diameter. In Eagle Bay, quite close to shore, there are several dome-
shaped conlla of ?ur6lnaz'a sp. which are 34 m high making a real spectacle for scuba divers. Two
endemic W€st Coast species, Coscmaraea marshae and Sgmphyllia wilsoni , are locally very abundant on
rocky ridges at 15-20 m.

Leeuwin-Naturalkte
There has been no published description of the marine flora and fauna ofthe Leeuwin-Naturaliste coast
although scientific collections have been made in the area. The biota is essentially of temperate affinity but
there are significant West Coast endemic and tropical elements.

The rock slopes and limestone rock platforms are usually covered with an algal turf. Kelp and lesser
macroalgae dominate the sublittoral zone. Small areas of seagrass, notably Amphibolis antarcticq grw in
tide pools. This vegetation supports a rich epiphytic invertebrate fauna. Grazing gastropods and chitons
generally keep the algae cropped low in the intertidal zone.The abalone Haliotis roei, the limpets Patella
laticostata and Patelloida alticostata, and the turbinid Tarro torquatus are conspicuous examples. These
animals may be in vast numbers at their respective levels in the intertidal zone. But it is the cryptic
invertebrate fauna which exhibits the greatest species diversity on these rocky shores. The rock fissures and
undersides of stones are habitats for a wealth of small species.

Although the communities of plants and animals on these rocky shores are predominantly of temperate
affinities, a notable feature is the presence ofa number oftropical species. Whether these populations of
tropical species are reproductive and self-sustaininpl or rely on recruitment from the north via the Leeuuin
Current is unknown. The matter is uell illustrated by the cowry genus Cypraea, which has both temperate
and tropical species represented in the fauna" There are three endemic southern species present in the rock
pools, C. (Notocgrpraea) piperita decliuis, C. (N.) pulicaia and C. (Austrocgpraea) reeuei. These subgenera
are endemic to the Southem Australian Region. There is one endemic West Coast species, C. (Cribrarula)
fallax, whichbelongs to an Indo-West Pacific subgenus. In addition there are several tropical Indo-West
Pacific species, the most common being C. caputserpentis, wilh C. uitellus, C. cemica and C. heluola of
more uncommon occurrence. This mixture of temperate and tropical species is typical ofthe fauna of this
section ofthe coast, reflecting the geographic location at the margins of the Southem Australian and Indo-
West Pacific Regions and the influence of the Leeuwin Current.

Fisheries
There are small trawl and purse-seine fisheries in Geographe Bay. Commercial offshore hand lining for
bottomliving fish such as dhufish and snapper, suppots sevenl operators from the ports ofBunbury,
Busselton and Augusta. Rock lobster boats also operate from these ports although this is near the southern
limit ofthe western rock lobster fishery. Beach netting for Australian Salmon is an important fishery at
several locations along the Leeuwin-Naturaliste coast.

Recreational fishing is one of the major attractions in this sector, contributing significantly to both the local
lifestyle and the regional tourism industry. The fishing may be from small boats in near-shore waters or
from the rock and beaches.

Re$eation and burism
This is one of Western Australia's most npidly developing recreational and tourism regions. The coastal
scenery is outstanding. The importance of recreational fishing has already been noted. The large swells and
excellent break at many localities along the LeerMin-Naturaliste coas! eg. at Yallingup and Margaret River,
provide some of the world's best surfing and national and international surf mmpetitions are regularly held
there. Geogrdphe Bay and the leeward sides of Cape Leeuwin (Flinders Bay) and Cape Naturaliste (Bunker
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Bay, Eagle Bay, Meelup and Dunsborough), on the other hand, are sheltered shores with high quality
beaches and very clear water providing safe family swimming and water sports.

There is considerable potential for development of recreational diving and commercial dive tours, especially
in the clear and sheltered waters of Geognphe Bay. The coral bommies at Eagle Bay and colourful
invertebrate growth on the Busselton jetty pilings are already popular dive sites.

The hinterland ofthe Leeuwin-Naturaliste Ridge also has many attnctions such as wineries, caves and
forests.

Wth this wide range of attrdctions the Leeuwin-Natunliste National Park has become one ofthe State's
most intensively used park and much of the use focuses on the coast and maritime recreational activities.

Pte aious rccommendo tions
In its consideration ofthe Leeuwin-Naturaliste Ridge (recommendation 1.4) in the Conservation Reserves in
Westem Austrdlia - System I report (1976), the EPA made no recommendations relating to marine reserves.

Following a substantial public participation program relating to management of the Leeuwin-Naturaliste
National Park, the Department of Consewation and Land Management produced a Management plan (1989,
number 13)which included considention ofthe marine environment and recommended as follows:

"Action 15.1: Marine areas adjacent to the Leeuwin-Naturaliste Ridge should be investigated to ascertain
their suitability for declaration a.s a Marine Park.

'Action 15.2: Any Marine Parks in this area should be zoned for multiple use.

'Action 15.3: The declaration ofthe National Park to the Low Water Mark will give National Park Rangers
jurisdiction over the intertidal zone, Suitable regulatory anangements should be made to ensute th€
prot€ction of these areas from over-exploitation."

The CAIM Management Plan noted that "areas of high conservation value include.yallingup Reef, Cape
Naturaliste, Cosy Corner, Hamelin Bay, the Indicators and Cape Leeuwin.,'

Wo*i n g Group ncomm enda tions
Although there has been no investigation ofthe Leetrvin-Naturaliste coast, the Working Group believes that
there is already sufficient information to support a recommendation for declaration ofa marine reserve.
These are shores of two very distinctive coastal tlpes with outstanding public recreational potential, a wide
range of habitats and very high conservation values.

The Working Croup agrees that the areas identified in the Leeuwin-Naturaliste Management Plan have high
conservation value but considers that itwould be unwise to select only these for reservation. Other areas are
known to be of similar importance, for example the sheltered rocky shores of Flinders Bay and the leeward
side of Cape Naturaliste, and the near-shore sublittoral area between Bunker Bay and Dunsborough where
there is spectacular underwater scenery and prolific growth of tropical corals. Given the high public
recreational use of the Leeuwin-Naturaliste National Park and its coast, as well ai its high conservation
value, there would be merit in declaring the whole s€ctor a multiple-use marine park. Commercial fishing is
also important and would be provided for by management programs under the control ol the Fisheries
Department.

The major distinctive coastal tlpe represented by the sandy beaches, sheltered waters and vast seagrass
meadows of Geographe Bay is also worthy of representation in the State's marine reserve system. The
densest seagrass meadows, most prolific coral growth, best underwater scenery and most used areas for
recreation are located at the western end ofthe bay in the lee of Cape Naturaliste. As this area is contiguous
with the distinctive rocky coast of the Leeuwin-Naturaliste Ridge there would be merit in extending ttre
proposed marine park eastwards, perhaps as far as vasse, to encompass a portion of the Geographe Bay
distinctive coastal type.
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The Working Group believes that a multiple-use marine park encompassing the shores of the Leetrwin-
Naturaliste Ridge and the western end of Ceographe Bay would become one ofAustralia's most significant
recreation and conservation marine reserves. Accordingly the Working Group recommends as follows:

"1. Consideration should be given to the reservation of the State Territorial waters adjacent to the Leeuwin-
Naturaliste National Park as a multiple-use reserve for protection of marine flora and fauna and public

recr€ation, with provision made for the continuance of commercial fishing.

"2. That in the north the reserve should extend around into Geogyaphe Bay as far as Vasse so encompassing
the Dunn Bay sand bar, the best of the Bayrs sea€lvass meadows, and the areas with most proliftc coral
gro*th.

"3. That in the south the reserve should extend around Cape Leeuwin to encompass Flinders Bay and the
S€al and Sea Lion colonies on the offshore rocks. (The reserve should also include the Hardy Inlet estuary -

see Part V.)."
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1. INTRODUCTION

This section deals with that area of Westem Austnlia generally known as the South Coast, extending
from Cape Leeuwin to the South Australian border. Broadly speaking the South Coast has an east-west
orientation, facing the Southern Ocean, covering a distance of about 1 500 km and spanning 14
degrees of longitude. It lies entirely within the temperate climatic zone and corresponds to one of the
biogeographic zones described in the Council of Nature Conservation Ministers working paper on
marine protected areas (CONCOM, 1985).

The South Coast is sparsely populated. There are several coastal tourns, including the regional centre of
Albany. Most ofthe coastal land is national park, nature reserve or recreation reserve. The scenery of
much of this coast is outstanding, both above and below the water. Although present levels of maritime
recreational activities are moderate and localised, there is potential for significant development of the
recreational and commercial tourism resources ofthese coastal waters and a case can be made for the
reservation of several marine areas for that public purpose.

A bibliography for the natural environment of the Albany region (extending from Denmark to the
Fitzgerald River National Park) has been prepared for the Heritage Council of Western Australia
(Livesey, 1993).

The marine flon and fauna of the South Coast are poorly known. The biota is similar to that of South
Australia and Victoria and reference must be made to the taxonomic literature of those States in order
to identiff many of the species. In recent years there has been some collecting of the marine fauna of
the area by Westem Australian Museum staff and helpful reference collections exist in that institution.
However, with the exception of the estuarine biota, there have been very few ecological studies on the
South Coast. For this reason the Working Group was obliged to base its assessment ofareas worthy of
reservation for conservation purposes mainly on geomorphological features and the assumption that
areas representative ofshore geomorphology are likely to be also representative of the biota.

l.l. Coastal geomorphology

The continental shelf along this section of the coast is relatively narrow, the shelf edge being as close
as 35 km from shore. It is a high energy coast with healy swells generated by the Roaring Forties wind
belt in the Southern Ocean. Along the open ocean shores, south-facing headlands and beaches are
exposed to strong wave action for much of the time. Sheltered conditions prevail in inlets and estuaries
but most of the bays are wide and open to the prevailing winds and swells.

Etposed open oceon shores
The types of open ocean shore evident on the South Coast relate to the geology and geological history
along the southern margins of the Yilgarn Craton and the sedimentary basins to the south, east and
west ofit. For our purpose they can be considered in four categories.

(tl Perth Basin - Cape lceuuin to Point D'Entrecasteaux
At the western end ofthe South Coast sector, between Cape Leeuwin and Black Head justwest ofPoint
D'Entrecasteaux, the coast is formed by the southeyn boundary of the Scott Coastal Plain, the
southernmost portion of the Perth Basin (Cockbain, 1990). It is separated from the Leeuwin Block in
the west by the Dunsborough and Busselton-Alexandev Bridge Faults and from the Yilgarn Craton and
Albany-Frazer Oregon in the east by the Darling Fault. The Darling Fault crosses the coast at Black
Head.

The hinterland is relatively lowJying with Quaternary sands overlying Cretaceous sediments. The shore
itself consists ofa wide, curving beach, more than 80 km long, and trending NW-SE. It is backed by a
Holocene dune field. The beach is almost continuous, inteyrupted only at Black Point where there is an
outcropping of the Bunbury Basalt. The basalt here forms unusual rocky shores, including columnar
cliffs and boulder fields (see Cockbain, 1990, p. 516, fig.4-158).
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(ii) Shora of the Albany-Frazer Oregon - Point D'Entrecasteau.x to Israelite Bag
The southern margin of the Yilgarn Craton is fringed by the Albany-Frazer Oregon, a zone of intense
Proterozoic tectonic activity, and is chancterised by granites and high-grade gneisses with some
doleritic intrusions and very uneven landforms (Myers, 1990). High points of the Proterozoic land
surface form hills inland, high headlands at the coast, and islands offshore. Inland, depressions in the
ancient land surface are filled by flat-lying Eocene sediments ofthe Bremer Basin but at the coast there
are fringes ofPleistocene aeolianites and Holocene dunes between the granitic or gneissic headlands.

The result ofthese geological structures is a ruggedly scenic coastline characterised by a repeated
pattern of long, arcuate sandy beach backed by dunes (some ofwhich are mobile) located between
high, cliffed granitic, doleritic or metasedimentary headlands. The coast shares some features with that
of the Leeuwin-Naturaliste Ridge. The headlands, many of which are over 300 m high, are often
multiple with small lunate bays and beaches between the projecting units. The most exposed parts of
the headlands, facing south and south-west, are either cliffed or fronted by steep slopes which are swept
by swell surge. The south-eastern sides of the headlands, adjacent to the next wide bay and beach, are
exposed to lesser wave action and tend to have granitic or gneissic boulder fields along the shore.

In the eastem part ofthis sector, between Esperance and Israelite Bay, much ofthe Proterozoic land
surface of the Oregon lies below present sea level so that its high points form the Recherche
Archipelago of granitic and gneissic islands. Similar but smaller and fewer islands also occur along the
whole of this shore.

As well as active dune fields backing the long arcuate beaches, there are frequently perched dunes on
the Proterozoic headlands. In many places older perched dunes have consolidated and formed
aeolianite limestones as a fringe or rim above the Proterozoic rocks. In a few cases the aeolianites have
considerable thickness and extend down to sea levelwhere they are eroded to form limestone rock
platforms between high and low tide levels.

Limestone also forms as beach rock below the surface along many of the long beacheJ. Frequently, the
beach rock surfaces are exposed by erosion and form intertidal rock platforms, especially at the eastern
ends of the beaches. Limestone shores, presumably of this origin, are a notable feature of the coast
between Hopetoun and Esperance. In that area there are series of narrow limestone reefs paralleling
the shore, apparently representing different positions of the shore at periods of different sea level
during the Pleistocene and Holocene. A dramatic example occurs on the western side ofShoal Cape
where there are three limestone ridges, one forming the shore and two forming offshore reefs, with
deep gutters between them.

Thus, the open ocean rocky shores of this section of the South Coast provide a variety of habitats for
marine plants and animals, including the wave-swept granitic and gneissic slopes of the headlands, the
boulder fields and pools ofthe less exposed sides ofthe headlands, and the limestone rock platforms
and reefs. Commonly, the headland shores are "steep to", dropping offsteeply into relatively deep
water, meeting the sandy sea floor at depths of20-30 m. Vertical sublittoral rock walls are common.
Offshore granitic and gneissic reefs are very common and these too usually have steep or even vertical
walls. Along jointing crack and dolerite intrusions, erosion often forms precipitous underwater
canj,ons.

The beaches of the open ocean in this section are exposed to heaw surf and are generally of coarse-
grained sand. They provide suitable habitat for only a few specialised plants and animals. Intertidal
sand flats occur only in protected corners and are never very extensive. The wide bays tend to slope
gently from the surfzone into the sublittoral and there is usually extensive development of seagrass
beds beyond the action ofthe surf.

(ilil Bremer Basin
The larger part of this sedimentary basin lies offshore on the continental shelf but onshore elements of
it infill depressions on the Proterozoic land surface between Point D'Entrecasteaux and Israelite Bay
(Hocking, 1990). The infill sediments are marine deposits of Eocene age. They meet the coast at several
places east ofAlbany (Hassell Beach, Cheyne Bay and Doubtful Island Bay) but are usually covered
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there by Quaternary dunes and the shores are long sandy beaches. The only outcrop of the Eocene
rock on the shore is at Cheyne Bay where a section of the Pallinup Siltstone forms low cliffs. These
rocks are easily eroded and the shore there features a boulder field below the cliffs.

(iv\ Eucla Basin - Israelite Bag to Eucla
This is a large sedimentary basin extending into South Australia and forming the shores ofthe Great
Australian Bight. The onshore surface deposits consist of Tertiary limestones overlain along much of
the coast with a veneer ofQuaternary limestones, calcareous soils and dunes (Hocking, 1990). The edge
ofthe Tertiary limestones forms a conspicuous escarpment and the Quaternary deposits have built up
below this to form the Roe Plain. These features give rise to two distinctive coastal tlpes.

The escarpment forms the shore ofthe Bight east of Eucla in South Australia and for a short section
between T\^,ilight Cove and west ofPoint Dover on the Western Australian side ofthe border. There the
Tertiary limestones form precipitous cliffs, with either a narrow rock platform or boulder field at sea
level. Where there are irregularities in the shoreJine, there may be narrow fringes ofbeach. Elsewhere
the Quatemary deposits form a shore comprising long sandy beaches backed by high dunes. In both
shore types the sea bed shelves gndually seaward with little relief.

On the basis of these geomorphological features, primary and secondary divisions of the South Coast
open ocean shores into major distinctive coastal t pes is possible (see Index to Maps V). These are:

1. southern coast ofthe Perth Basin (Cape Leeuwin to Black Head) - wide, arcuate beach with a
shelving shore and heavy surf;

2. shores ofthe Albany-Frazer Oregon (Point D'Entrecasteaux to Cape Arid) - wide bays with
arcuate beaches and high gnnitic or gneissic headlands. Wthin each segment there is a repeated
sequence of coastal type:
(a) long, wide bay and beach, with shallow shelving shore, often with perched dunes or

limestone cliffs and exposed limestone rock plat{orms at sea level (usually at the eastern
end of the bay);

(b) high granitic or gneissic headland exposed to the open ocean swells with wave-suept
slopes, steep-to shores, cliffs and sometimes small lunate bays between the projecting
elements of the headland;

(c) eastward-facing, semi-exposed shore with granite or gneissic boulders and tide pools;
3. Great Australian Bight - shores of the sedimentary Eucla Basin which are either:

(a) long, curved beach with dunes; or
(b) high limestone cliffs.

A distinctive coastal type of limited extent occurs at Black Point where there is an outcrop of Bunbury
Basalt, and another occurs in Cheyne Bay where there is an outcrop of Pallinup Sandstone, both rock
types forming shores of different character to rocky shores elsewhere on the South Coast.

Inlets ond estuaries
Many of the bays on the South Coast are wide and provide little protection from the prevailing winds
and swell. The major exception is the King George Sound-Princess Royal Harbour-Oyster Harbour
complex (Wells, 1990). These three basins are depressions of the Proterozoic land surface now flooded
by the sea. Princess Royal Harbour is an almost landlocked, shallow marine inlet which is not fed by
any major rivers or streams. Oyster Harbour, on the other hand, has two major rivers entering it which
contribute large volumes of freshwater, at least during the winter months, and it may be regarded as an
estuary.

Along the western part ofthe South Coast there are many small rivers entering the sea and forming
estuaries at their mouths. A general description of Western Austnlia's southern estuaries may be found
in section 3.7.6. ofPart I ofthis report. Detailed descriptions ofthe South Coast estuaries have been
published by Dr E. P. Hodgkin and associates in a series of Environmental Protection Authority
Bulletins (see reference list).
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The estuaries west ofAlbany have catchments in forested and agricultural lands with relatively high
rainfall (greater than 1000 mm/ann.). East ofAlbany there is a sharp decline in rainfall. The rivers
there are short and small and have catchments in semi-arid agricultural lands. East of Cape Arid there
is no surface runoff and no estuaries. Because of the climatic regime South Coast estuaries are all
seasonal, saline and freshwater conditions alternating. Some of the smaller estuaries on the South
Coast, especially those in the drier eastern areas, may actually dry up in summer. Because of this
extreme variation in salinity they form harsh aquatic environments.

Physiographically, the South Coast estuariei are of two bDes, riverine and lagoonal (Hesp, 1984). They
may be further classified as "permanently open", "seasonally open" and "semi-permanently closed" (see
Part I. section 3.7.6.).

Oyster Harbour is unusual in that it is a large lagoon \4,ith a permanently open mouth. Only the upper
part ofthis lagoon is greatly influenced by freshwater flow from the rivers entering it, the lower part
being almost permanently marine (McKenzie, 1962, 1964). The other large South Coast Iagoonal
estuaries which have permanently open mouths are the Hardy and Nornalup-Walpole Inlets. Both of
these have an entrance barwhich retards tidal flow ofseawater.

Broke Inlet is a seasonally open lagoonal estuary. Its entrance bar is breached every year when the
rivers flood and closes again when river flow ceases. Wilson Inlet is naturally a seasonally open estuary
ofthe same type but it is artificially opened every year as a measure for flood control in the catchment.

The most easterly lagoonal estuary is Culham Inlet near Hopetoun. In this century it has opened only
once or twice and it could be regarded as a salt lake. Recently, increased clearing in the catchment and
unusually heavy rainfall have resulted in flooding and the entrance bar has been breached. A
permanent spillway has now been constructed at the entrance bar and it is anticipated that itwill once
again convert this system to a "saline lake".

The small riverine estuaries east of Albany are all of the semi-permanently closed type. They have small
catchments and their bars are breached only after exceptionally healy rainfall.

1.2. Marine flora and fauna

Although there has been some collecting of marine plants and animals by individual scientists at many
localities on the South Coast, only two areas have been studied or surveyed in any detail.

King George Sound is an important site in the history of science. Because of its magnificent harbour
and access to fresh water, it was visited by many of the early voyages of exploration. The French ships
of the Baudin (1801-03) and 'Lstrolabe (1826) expeditions spent some time there and their naturalists
made extensive collections of the marine life. consequently King George Sound is the type locality for
many southern Australian marine species, especially molluscs, described by 19th century French
scientists. The British survey ship Inuestigator commanded by Matthew Flinders spent four weeks in
the sound (December 1801 - January 1802) and botanist Robert Brown collected many terrestrial plants
in the area. charles Darwin visited the sound briefly aboard the Beagle (1836), but apparently made no
scientific observations. The German "Hamburg Expedition" (1905) collected marine invertebrates at a
number ofsites in King George sound and the nearby inlets. Most recently an international marine
biological workhop was held in the area, resulting in the publication of a number of important papers
on the taxonomy, ecology and physiology of local marine plants and animals (Wells et a/., 1990; 1991).
The western Australian Environmental Protection Authority is presently engaged in a long term study
of Princess Royal Harbour in the context of concern about the increasing pollution of its waters.
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Cape Leeuwin is sometimes regarded as the position of a boundary zone between the temperate
Southem Australian Biogeographic Region and the subtropical West Coast Overlap Zone (Wilson &
Gillett, 1971; Wlson & Stevenson, 1977; Wells, 1980; Wilson & Allen, 1987). It can be aygued that Cape
Naturaliste is a more meaningful position for a biogeographical boundary than Cape Leeuwin, if the
nature of the rocky shore habitats along the L€euwin-Naturaliste coast are taken into account.
Irrespective of precisely where the boundary is located, many species of marine flora and fauna are
distributed across the southern coast ofAustralia from Bass Stnit to the vicinity of the Leeuwin-
Naturaliste coast and no further. A few northern species of tropical origin have distributional ranges
which extend around Cape Leeuwin and along the South Coast. The influence ofthe Leeuwin Current
is paramount in this, as described in section 1.2 of Part IV.

And finally there is a significant south-west endemic species element in the marine biota, many of
them relics ofthe Tertiary Tethyan Pyovince. Most of the endemic species have distributions which
straddle the transition between the Southern Australian Region and the West Coast Overlap Zone, and
live on both sides of Cape Leeuwin. One endemic gastropod of Tethyan originis Diastoma melanioida,
the sole living survivor of the family Diastomatidae, which lives in the seagrass beds on the South
Coast of Western Australia east ofAlbany.

Corals are generally regarded as tropical animals although there are four species endemic to the
southern coast ofAustralia (Veron & Marsh, 1988). In addition, five tropical species extend down the
West Coast and onto the western part of the South Coast. Of these, three species of the genus
Turbinaria cover extensive areas in King George Sound and the Recherche Archipelago.

Rockg shore faunas
Perhaps the most conspicuous marine habiiats of the South Coast are the rocky shores. Intertidal
communities at several South Coast localities were described by Hodgkin (1960) but otherwise there
has been little study ofthese rocky shore communities. Granitic and gneissic slopes exposed to healy
wave action are usually rather smooth and populated with moderate to large numbers of gastropod
molluscs, barnacles and macrophytes showing distinct vertical zonation. A greater diversity of species,
both plant and animal, occurs in the more sheltered corners of the headlands where there are boulder
fields in the intertidal and sublittoral zones.

A feature of the South Coast is the spectacular rock wall launa of the deeper sublittoral zone. The
sublittoral slopes of the exposed headlands and islands usually drop off steeply to considerable depths
(as much as 40 m) before reaching the sandy sea floor. Vertical rock walls and narrow canyons are
common. To depths of20 m or so these rock surfaces are usually dominated by macrophytes, but below
this sponges, ascidians and coelenterates grow in high density anlv,here there is a hard substrate. They
provide a very colourful display. To date there has been no study of this rock wall fauna.

Seogmss beds
Seagrass beds are extensively developed along the South Coast although there is very little known of
their diversity. The genus Posidonia dominates both as a meadow-forming seagrass and as fringing and
clumped patches. P. australis and P. sinuosa are the main meadow-forming species butP. robertsonae
also forms well-defined meadows. Edges and blowouts usually harbour,4mpftrboftb species. The smaller
plants Halophila australis and Heterozostera tasmanica also often grow in disturbed areas and
blowouts.

The South Coast may be the centre of distribution of the genus Posidonia. In addition to the dominant
species noted above, P. ostenfeldii, P. denhartogii and P. kirkmanii are found in large quantities in
some bays but their respective habitat preferences are not known. All the Posidonia species flower and
produce fruit in summer. It is believed that some seagrass species grow to depths of at least 45 m along
the South Coast. The plants are well adapted to large swells as they have deep, well developed
rhizomes. The "ostenfeldii" group (P. ostenfeldii, P. denhartogii" P. robertsonae and P. kirkmanii) have
rhizomes which grow vertically downwards and hence the above-ground plants appear as clumps. The
"australis" group tend to spread horizontally at a rate less than 2 crnlyar. Thalassodendron
pachgrhgzium has been found as drift but not growing. It is expected that it lives attached to rocky
substrates.
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Associated with the seagrasses there is a rich and diverse fauna. Seagnss communities in King George
Sound and Princess Royal Harbour have been described in detail (Kirkman et a|.,7991;Walker et al,,
1991; Hutchings et a/., 1991; Wells ef a/., 1991).

Algae and algal beds
Along the South Coast the dominant alga is the small kelp Ecklonia radiata which often forms dense
beds in the shallow sublittoral zone Other common brown algae include Qysto ceira, Scgtothallia,
Clstophora and Hormosira bankii. Conspicuous green algae are various sp ecies of Caulerpa. The reds
are represented by many cool temperate species. Genenlly speaking, the limestone reefs afford more
protection and a better surface for attachment ofalgae than the gyanitic or gneissic rocks.

Estuaine lloru ond founa
South Coast estuaries are depauperate in terms of diversity of plants and animals due to their strongly
seasonal nature and the extreme hydrological conditions that result, although biological production
and population density of tolerant species may be very high when conditions are favourable. Most of
the estuaries are becoming progressively degraded as biological environments as a result of nutrient
enrichment and sedimentation and increased frequency of flooding following extensive clearing in
their catchments. An exception is Broke Inlet whose catchment lies entirely within forested land.

There is only a handful of obligate estuarine species (ie. aquatic species found in estuaries but not in
marine or freshwater habitats) in the South Coast biota. Most of the animals present in the seasonally
open estuaries are opportunistic marine invaders which enter with tidal inflows in early summer when
the flow of freshwater decreases. Some of these species are subject to mass mortalities when the next
winter floods scour the estuaries with freshwater. Even in the permanently open Hardy and Nornalup-
Walpole Inlets the entrance bars restrict summer tidal flow, winter scourinpi is severe, and species
diversity is consequently limited. In the case of the semi-permanently closed estuaries, marine species
invade on those occasions when the bars open and a progressive decline in species diversity follows
after the bars reclose.

Obligate estuarine molluscs on the South Coast include th e gastrcpods Hgdrococcus brazieri, Satinator
fragilis, Tatea preissii and Hgdrobia buccinoides and thebivalves Fluuiolanatus subtorta, Xutostrobus
inconstans and X. secal"r3. Among the marine mollusc species which normally inhabit protected bays
and inlets and invade the estuaries when conditions are suitable are the bivalves Arthritica semen,
Katelgsia scalarina, K. peroni, Spkula trigonellq Mgtilus edulis planulatus, Wallucina assimilis,
Macomona deltoidalis, Soletellina donacioides, Sanguinolaria biradiata, Iris crenata and Theora
Iubrica, and the gastropods ly'assaz'as burchardi, N. pauperatus, Liloa breuis and pftlrne species. Some
of this second group of molluscs may maintain populations within the estuaries for several years even il
the bars remain closed. Fossil beds containing shells ofthese and other marine species are commonly
found around the shores of the estuaries, providing evidence that seasonal conditions during earlier
times in the Holocene and Pleistocene were nther less extreme than at present.

The tube worm -Ftcopomatus enigmaticus is found in most of the estuaries wherever there are hard
substrates. Other common polychaetes are Capitella capitata, Scoloplos simplat, Ceratonereh
aequisetes, Neanthes uaali, Prionospio cf. cirrifera and, Polgdora sp.'two species of benthic amphipod,
Llelita sp. and Paracorophium sp., are commonly present. The estuari ne crab Halicarcinus ouatus is
also usually common, especially in beds of the mussel Xenosfro6us. The shrimp Palaemonetes australis
seems to be everywhere. I\uo marine crustaceans, the blue manna crab, po,"tunus pelagicus and the
bamacle Balanus a.mphitrite, invade the larger estuaries when the bars open but neither is capable of
surviving prolonged winter flooding. The crdb moves out of the estuaries to avoid such flooding while
the fixed bamacle suffers mass mortality. Empty barnacle shells are frequently seen on rock and
timber, evidence of the transient success of this animal.

Wth the exception of some atherinid and gobiid species, few fishes breed in the South Coast estuaries.
The most notable of those which do are the black bream and the cobbler which are tarpiet species of
both the commercial and recreational fisheries. Blue-spotted flathead and southern sea garfish breed in
wlson Inlet (and possibly Nornalup-walpole Inlet). However, there are many species which enter the
estuaries from the sea as juveniles and use them as nursery areas (Lenanton, I974a; lg74b; 7g84;
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Lenanton & Hodgkin, 1985). Large numbers ofjuveniles of fishes, such as mullet and whiting, which
enter the estuaries when they are open to the sea and establish flourishing populations become isolated
from the sea after the bars close again. Such populations may flourish in the semi-permanently closed
estuaries for several years following breaching of the entrance bars.

Plankton blooms occur in early summer in the South Coast estuaries, developing in wedges of saline
water that penetrate upstream as the summer progresses. The majority of zooplankton species are the
larvae of marine species and are the source of recruitment to the estuarine fauna. However, there are a
few truly estuarine planktonic animals. The most ubiquitous of these is the copepod Gladioferens
imparipes. Also recorded are the copepods Sa/canus conflictus, Acartia trante , A. clausi and Oithona
nano. Nearer the entrances these are usually replaced by more marine copepods such as Gladioferms
inermis. Small medusae ofthe genus Australomedusa are also common.

Ruppia megacarpa is the only submerged aguatic plant that commonly occurs in South Coast
estuaries. It is a dominant plant in the basins of the lagoonal estuaries and lower reaches of most of the
riverine estuaries. It grows on sand in the shallows and is an important food resource for Black Swans.
Other seagrasses occur mainly in the lower parts of those estuaries which are permanently open. For
example, in Oyster Harbour the three marine seagrasses Po sidonia sinuosa, P. australis and Amphibolis
antarctica are common in the marine parts oI inlet, Halophila australis occurs sparsely there, and
Heterozostera tasmanica is lound near the entrance. Only Zostera mu$onafa lives in the upper part of
the inlet (near the mouth of the Kalgan River). In Hardy Inlel, Z. mucronata occurs in the lower
reaches. Halophila australis is reported from Hardy Inlet. A newly described species, Halophila glabrg
lives along channel banl<s of that estuary during summer and autumn. -I{elerozostera is recorded from
Nornalup,Afalpole Inlet but is not common there.

Seagrasses are vulnerable to reduced light intensity. This detrimental condition may be caused by
turbidity or eutrophication which produces increased density ofphytoplankton and epiphytes. Seagrass
communities of many of the South Coast estuaries show evidence of decline caused by these forms of
pollution (Hodgkin & Clark, 1990)

There is a varie$ of macroalgae and filamentous algae in the South Coast estuaries. Brown algae are
not common exceptfor Hormosira banksii and Cgstophgllum muicatum in lhe marine parts of Oyster
tlarbour, and Cgsfose ira trinoides which has been found on rock at the entrance of Nornalup Inlet.
Green algae dominate most of the vegetation, including speaes of Polgphgsa, Cladophora,
Chaetomorpha, Enteromorpha and Vaucheria. The stonevtort ktmprothamnium papulosum is
common in most estuaries. Some of these algae are subject to spring blooms and eutrophication and
may smother the seagrasses.

Morine mammals
Humpback whales t![egaptera nouaeangliae) and sperm whales (Phgseter catodon) occur off the South
Coast but are not commonly seen in near-shore waters. However, the southern rightwhale (Eubalaena
australisl, oncehunted to near extinction, is presently staging a recovery and is being seen more and
more frequently in coastal waters along the South Coast. The humpback and southern right whales are
both threatened species under the Western Australian Wildlife Conservation Act.

A monitoring program of the southern right whale begun in 1978 has shown a steady increase in the
South Coast population of this animal (Bannister, pers. comm.) now estimated to numbey at least 81
animals. Females use the sheltered bays as birthing and nuysery areas. Cows with calves may often be
seen very close to shore in August and October. Several localities have recently become popular'\,vhale
watch" sites. Perhaps the best of these is Point Ann in the Fitzgerald River National Park. An
observation platform has been erected at that spot and it is frequently used by tourists, including the
commercial tourism industry.

Two species of pinniped use South Coast islands as resting and breeding sites. These are the Australian
Sea Lion @r'eopitoca cinerea) and the New Zealand Fur-seal @rctocephalus forsfen). Both are classified
as specially protected species under the Western Australian Wldlife Conservation AcL The sea lions
feed in the shallows and are frequently seen along the shores of the South Coast, but the fur seals feed
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in the open ocean and are not commonly seen except at the breeding colonies during the breeding
season. A baseline survey has recently been undertaken to determine the population size and locate the
breeding colonies of these animals.

1.3. Tourist potential

The South Coast has a number of popular tourist destinations although most visits relate to the scenic
attrdctions of the coast and to date marine-based tourism is not well developed. Beach fishing is very
popular and there is a small diving fraternity. Some charter boats operate dive tours, for example in the
Recherche Archipelago and King George Sound. The quality of the fishing, diving and seascapes is such
that there is scope for development of a marine-based tourism industry.

1.4. Fisheriet

The South Coast between Cape Leeuwin and the WA,ISA border supports the State's major commercial
finfisheries and some important recreational fisheries.

The Demersal Gillnet and Demersal Longline fishery, primarily for gummy (Mustelus anarcticus),
whiskery (Furgaleus rnaclrl) and dusky or bronze whaler (Carcharhinus obscurus) sharks and demersal
scalefish, is the largest offshore fishery of the South Coast. This fishery, which extends offshore to the
200 m isobath, is managed in two zones, Zone I extending around Cape Leeuwin and eastwards to
Cf iffy Head, and Zone 2 from Cliffy Head to the WA"TSA bordey. ln Zone2,25 fulltime and 29
supplementary access license holders landed 1080 tonnes of shark and 160 tonnes of scalefish during
1991-92. over the past few years some of these operators have moved further offshore to target
deepwater spurdog sharks (Squalus spp. ) and scalefish such as the blue-eyed tre,,talla (Hgperoglgphe
antarctica).

Scalefish are targeted by a group of line fishers (including drop and longliners) operating principally
from Albany and Esperance. Key species include deepwater fishes such as Ieatherjackets
(lulonocanthidae spp.), hapuka (Polgprion orygenerbs,) and grey-banded rock cod (Epinephelus
septyemfasciatus), together with species that can be taken closer inshore such as bight redfish
(Centrobergr geradl) queen snapper (Nemadactylus ualenabnsl) and blue groper (Achoerodus
gouldii).

South Coast trawl fisheries are managed by State and Commonwealth agencies. The Commonwealth
manages trawling seaward of the 200 m isobath and in the Great Australian Bight east of 125". The
south coast Demersal rrawl Fishery extending offshore to the 200 m isobath between cape Leeuwin
and 125"E is managed under State jurisdiction. The target species are demersal finfish such as queen
snapper, bight redfish, boarfish (Pentacerotidae spp.) and deepwater fl athead (ptatgcephalus conatus).
Presently 4 vessels have access to this fishery. The area of the Recherche Archipelago between 121"
30' E and 123' 30' E, and offshore to 34'20' S, is excluded from general trawl fishing. However the
waters of the archipelago are seasonally open (April 1 to November 30) to endorsed vessels to fish only
for scallops (Pecten sp.l. Atpresent there are two endorsed scallop vessels. They also have access to the
Commonwealth Bight Trawl Fishery for scallops in shelfwaters between 125"E and 129.E.

Purse-seining, primarily for pilchard (Sardinops neopilchardus), is lhe most important inshore finfish
fishery. It is managed in four zones on the South Coast, the most important being the Albany Zone
which includes the King George sound fishery where 22 vessels took a total of 4 255 tonnes in lggz.

Other nearshore resources that historically support commercial fisheries, and now also support
increasingly important recreational fisheries, are stock ofAustralian salmon (Arripis ruttaceus) and
Australian heffing (1. georgianus). Atpresent 21 commercial teams have access to these fisheries on
nominated South Coast beaches. The most westerly beach is at Windy Harbour and the most easterly at
Trigalow on the western end of Doubtful Island Bay. Beach seines are used to catch salmon while fixed
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"G" (trap) nets and sometimes beach seines are used for herring. In 1993 totals of 2 006 tonnes of
salmon and 532 tonnes of herring were taken by these limited entry fisheries.

Abalone is one ofthe most valuable nearshore resources harvested off the South Coast. Commercial
abalone operations are managed in two zones, on either side of Shoal Cape (120"E). There is a closed
area restriction in Flinders Bay. Six divers have access to the eastern zone and eight to the western
zone. They take three species of abalone, Roe's (Haliotk roei), greenlip (H. laeuigata) andbrownlip
Qf. conicopora).

Rock lobster fishing is also an important coastal activity which is managed as two sepante fisheries,
each extending to the limit ofthe teyritorial sea as the offshore boundary. The Augusta-Wndy Harbour
fishery is located west of 116"E, and the Esperance fishery located between 120"E and 125"E. In 1991-
92, 13 vessels caught 36 tonnes ofwestern rock lobster (Panulirus cggnus) in the Augusta-Wndy
Harbour zone and 9 vessels caught 45.7 tonnes of southern rock lobster (Jasrr eduardsii) in the
Esperance zone. The viability ofthe Augusta-Wndy Harbour fishery is enhanced by capture of deep
water crabs and a variety of scalefish.

Several ofthe South Coast estuaries (but not including Hardy Inlet) also support important
commercial fisheries managed as a single, limited entry fishery. During 1992, 61 fishing units had
access to this fishery. Commercial fishers can operate in all of the South Coast estuaries although
netting is specifically prohibited in Wellstead, Torbay, Nornalup-Walpole and Nannarup inlets. Finfish
targeted by the estuarine fishery west ofAlbany include King Ceorge whiting (Sillaginodes punctata),
Australian herring, garfish Qfgporhamphus melanochir), trevally (Pseudocarant dentex\, cobbler
(Cnidoglank macrocephalus), flathead (Platgcephalus speculator),leatherjacket (Monocanthid spp.),
yelloweye mullet (.4ldichetta forsteri), sea mullet Mugil cephalus) and black bream (,Acanthropagrus
butcheri). East of Nbany catches are dominated by black bream and to a lesser extent the two mullet
species. Small catches of blue manna crabs (Portunus pelagicus) and squid are taken in some estuaries.
The bivalve molluscAnadara trapezia is taken exclusively from Oyster Harbour.

Hardy Inlet is managed as a separate, small, limited entry estuarine fishery. During 1992 three units
had access to this fishery. The key species are King George whiting, western yellowfin whiting (S//ago
schomburgkii),black bream, yelloweye mullet, sea mullet and ta'kwhine (Rhabdosargus sarba).

There is an important offshore tuna fishery (mainly for southern bluefin tun a Thunnus maccogii)
operating fyom the major South Coast ports. It is managed by the Commonwealth.

A 1987 Australian Bureau of Statistics survey of recreational fishi ng estimated that 13.5% of about
284 000 recreational anglers operated in the South Coast region in 1986-87. About 73% of these were
shore-based. The most sought after species would have been Australian herring. Other key species
would have included whiting and Australian salmon. Offshore species taken by boaters would include
queen snapper, bight redfish, samsonfish (Seriola hippos), breaksea cod (Epinephelus armatus), blue
groper and shark.

Netting is another important recreational activity in this region. It is mostly undertaken in estuaries
for such species as sea mullet, yelloweye mullet, Australian herring, and black bream. Recreational
netting in WA is currently under review. Some rock lobster potting, squid jigging and diving for
abalone also occur in the region.
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|| 2. ExrsrrNc MARTNE REsERvEs

,- There are no existing marine reserves on the South Coast.
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3. RECOMMENDATIONS FOR MARINE RESERVES ON THE SOUTH
coAsr.

Four primary geomorphological areas distinguishable in the South Coast region are described in
section 1.1. One ofthese, the Bremer sedimentary basin, has only minor outcrops on the shore. The
other three exhibit very different types of,shore topognphy and provide a useful first division of the
South Coast into major distinctive coastal types. T\A,o of them may be further subdivided on
geomorphological criteria. Estuaries are an important feature of the South Coast and these too may be
classified into a range of types according to their geomorphology and hydrological conditions. The
following recommendations ofthe Working Group attempt to take all these factors into account.

Previous, unimplemented recommendations ofthe EPA report on Conservation Reserves for Western
Australia, Systems 12 (1975), 2 and 3 (1976) and the CALM South Coast Regional Management Plan
(1991) are incorporated within the following recommendations of the Working Group.

3.1. Hardy Inlet (Map V-l)

In Part IV section 3.12, it is recommended that consideration be given to inclusion of an area east of
Cape Leeuwin encompassing Flinders Bay and nearby offshore rock within a Leeuwin-Naturaliste
marine reserve. Such a reserve would include the waters seaward of the mouth of the Hardy Inlet.
Consideration of the inlet was deferred to this Part because it is necessary to assess its recreation and
conservation values in the context ofthe suite of South Coast estuaries. Nevertheless, should both the
marine areas east of Cape Leeuwin and the estuarine areas of Hardy Inlet be reserved they should be
managed as a single unit.

Hardy Inlet is the downstream basin of the Blackwood River estuary. This recommendation actually
refers to the entire Blackwood estuary and not merely to its inlet. Only a brief account of the estuary
and its flora and fauna is given here. Details may be found in a comprehensive report, with references
to earlier publications, by Hodgkin (1978).

Tenure
The townsite of Augusta occupies the land on the western side of the inlet near its mouth. The Scott
National Park and freehold land occupy the eastern shore. Upstream from the town there is freehold
land on both sides of the estuary but beyond Alexandra Bridge most of the shores are State Forest.

Gamorphologg and hgdmlogg
The estuary of the Blackwood maybe classified as a seasonal, permanently open estuary. Like the other
large estuaries on the South Coast it is subject to weak tidal flow in summer and scouring with
freshwater during winter floods. It has a catchment of about 23 000 kmr, much of it within an area of
relatively high rainfall. The upper Blackwood River catchment lies in agricultural lands on the Yilgarn
Craton. After crossing the Darling Fault the river flows westwards across the Perth Basin until it is
impeded by the Leeuwin-Naturaliste Block. It then turns south and runs more or less along the fault
zone that forms the junction of the Leeuwin-Naturaliste Block and the Perth Basin, entering the
Southern Ocean east of Cape Leeuwin.

The Blackwood is one of the two large estuaries on the South Coast which are permanently open to the
sea. It consist of two parts, a pair of downstream basins and a long upstream riverine section. The wide
lower basin is the part known as Hardy Inlet which opens to the sea via a rather long and narrow
entrance channel. TWo lagoons, the Deadwater and Swan Lake, open into the eastern side of the
entrance channel near the mouth. There are two shallow bays further upstream known as West Bay and
North Bay. The smaller upper basin, into which the Blackwood and Scott Rivers discharge, is called
Molloy Basin. It is almost filled by Molloy Island.

The original position of the mouth ofthe estuary was at its present location but the bar silted up
during the period from 1925 to 1930 and the mouth moved to a new position about 2 km to the east.
The Deadwater was formed during that period as the entrance channel. The bar was cut in 1945,
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returning the mouth to its old position, the Deadwater remaining as a narrow lagoon. Swan Lake was
originally a freshwater lagoon but became salty when it was connected to the Deadwater. Both areas
are now saline lagoons relatively little affected by winter flooding and they contribute significantly to
the productivity of the estuary.

The riverine parts ofthe estuary are unusually lon!. Tidal water flows upstream in the Scott River for a
distance of about 8 km. The Blackwood is tidal to a point upstream from Wamer Glen Bridge, a
distance of more than 30 km beyond Molloy Bxin.

Tidal exchange is dampened by the entrance bar. Astronomic tides in the inlet have a maximum range
of only 70 cm. However, other factors (notably barometric pressure) also influence water level and the
extreme rdnge ofwater level may be as great as 1.3 m (Hodgkin, 1978). Mean sea level in winter may
be as much as 30 cm higher than the mean summer level. There is also a build-up of flood water
during winter which raises the level ofwater in the basins as well as in the riverine parts of the estuary.

Much of the area ofthe basins consists of shallow banks or "marginal platforms" at less than I m depth.
Large areas of these are exposed at low tide and there are rush islands in the highest parts of them.
Thus, although the inlet is wide, it actually holds little water compared with the other basin estuaries
on the South Coast. There are clearly defined channels 2-8 m deep. The main channel extends into
Molloy Basin, around the west side of Molloy Island and up the riverine part of the estuary as far as
Warner Glen Bridge. That portion of it within the inlet was dredged in 1956 and again in 1923.

FIom and fauno
The most prominent aquatic plant in the estuary is the s eagrus Ruppia manTrmc. This species is
tolerant to a remarkably wide range ofsalinity and survives in the estuary throughout the year. It is
now particularly abundant in the Deadwater. Another seagrass, zostera mucronat4 is confined to the
lower part of the inlet where low salinity is experienced only briefly in winte r. Halophila glabra,which
may be Australia's first known annual seagrass, is found alon€l the channel bank from near the mouth
to Molloy Island.

The bottom fauna of the inlet is rather diverse compared with that ofother South Coast estuaries. All
the obligate estuarine species are present (see section 1.2). A number of marine invaders also appear to
be permanent residents in at least the marine end ofthe inlet (Hodgkin, 1928). As might be expected
with a permanently op€n estuary, the list of non-resident invaders is relatively long. These include
many kinds of fishes that enter the estuary as larvae and establish large populations, eg whiting,
herring, mullet tailor, mulloway, tarwhine and many others much sought by both amateur and
professional fishers.

The mud banks of the inlet are widely used by waterbirds, including migratory birds, as feeding areas in
the summer months. The numbers present, however, are not as great as at some other estuaries. The
Deadwater and swan Lake are especially important areas for Black swan and a varietv of duck which
consume large quantilies of Ruppia.

Recteation and tourism
Augusta has become an important holiday centre. It is popular because ofits scenic and historic
attractions and its proximity to first-rate fishing areas, caves, wine-growing areas and surfbeaches.
Hardy Inlet is an important component of the local attractions. As expansion of the town and tourism
activities continues, the natural environmen! eJpecially the estuary, will come under increasing
pressure.

Previous tqommendo tions
In its report on conservation reserves on the South coast (system 2, 1976) the EpA did not consider
llardy Inlet, although in the context of community debate at about the same time on a proposal to
mine minenl sands on the eastern side ofthe inlet it directed that there be a study of the ecology of
the estuary. This was to include an assessment of the multiple uses ofthe estuary for a range oi'
recreational, consenation and commercial purposes. This was done and resulted in the reDort bv
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Hodgkin (1978) which has been the main source document for the Working Group in its
mnsiderations.

Wo*ing Croup recommendations
The Working Group notes the high recreational values ofHardy Inlet and the upper parts of the
Blackwood Estuary and the fact that increasing activity in the area places increasing stresses on its
biological resources. The estuary is one ofthe two large estuaries on the South Coast which are
peymanently open to the sea and it supports a relatively large diversity of aquatic species of plants and
animals. Although the basin is wide, the volume is relatively small and there will be an increasing need
to manage human activities, especially fishing, so that the aesthetic and biological values of the estuary
are maintained.

Accordingly the Working Group recommends that:

"The estuary ofthe Blackwood River, including the Deadwater, Swan Lake, Hardy Inlet, Molloy Basin and
the tidal parts of the Scott and Blackwood Rivers be considered for reservation as a marine reserve for
dual recreation and conservation purposes.

"The estuarine reserve should be continuous with the eastern portion of the proposed Leeuwin-
Naturaliste rnarine reserve." [See Part IV]

3.2. D'Entrecasteaux (Map V-l)

Wth the exception of a few small enclaves, the coastal lands between Black Point and the mouth of
Broke Inlet comprise the D'Entrecasteaux National Park. The coastal marine and estuarine
environments are diverse along this sector but, for management reasons, the Working Group decided
to treat it as a unit.

Tenure
Along most ofthe open ocean shore of this sector the D'Entrecasteaux National Park extends to the low
water mark.

The small inlets of the Donnelly, Warren, Meerup and Gardner Rivers and Doggerup Creek are wholly
or partly encompassed by the D'Entrecasteaux National Park. At the mouth of the Cardner River on the
eastern shore there is a reserve (No. A15776,283.3 ha) vested in the Shire of Manjimup.

Broke Inlet lies almost entirely within the D'Entrecasteaux National Park. Almost the entire catchment
of the Shannon River is reserved within the Shannon National Park. There is a small townsite and a
Shire reserve (No. 19787,40.5 ha) at Camfield on the eastem shore. There are some residences and
holiday huts at Camfield but otherwise there are no residential areas near the shores of the inlet or in
the catchment.

There is difficulty in determining the present stntus of at least two of the small inlets under the Land
Act. Although the bars of the Warren, Meerup and Doggerup inlets may be breached in some winters,
allowing seawater to flood the lower reaches of the rivers, they are not tidal in any sense and it is here
assumed that they are presently reserved within the national park. However, the inlets of the Donnelly
and the Gardner Rivers are tidal in the sense that, for the briefperiod when the bars are open, seawater
enters and there may be tidal flow upstream, at least in a wedge of saline water along the bottom below
the freshwater. The boundary ofthe national park is the "low water mark" but it is problematical
whether the deeper portions of the estuaries should be considered to be 'below low tide" simply
because they are seasonally flooded with seawater. The distinction between tidal and not tidal is quite
arbitrary in cases like this. A legal opinion is needed to determine whether these water bodies are
already part of the national park.

Gamorp hologg a nd hyilrologry
From the point of view of coastal geomorphology this stretch of coast may be divided into distinct
westem and eastern portions. The western portion from Black Point to Black Head is a straigiht, wide,
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90 km long beach forming the southern shore ofthe Perth Basin. Black Head is the position of the
Darling Fault and the coast east of it is characterised by rocky headlands alternating with arcuate.bays,
typical of the coastal margin of the Proterozoic Albany-Frazer Oregon.

The sector has one large estuary, Broke Inlet which is of the seasonally open, basin type, and several
small inlets in the mouths of the Donnelly, Warren, Meerup, Do€gerup and Gardner Rivers, some of
which may be flooded with tidal water for brief penods in early summer. Of the latter, only the
Donnelly and Cardner may be considered to be "tidal" in any sense and possible candidates for
reservation under the CALM Act.

For the purposes of this report it is convenient to distinguish the following coastal areas within the
sector:

(i) Black Poin!
(ii) surfbeaches ofthe Perth Basin;
(iii) alternating rocky headlands and arcuate beaches ofthe Albany-Frazer Oregon;
(iv) Broke Inlet as a representative ofa large, seasonally open, basin tlpe of estuary;
(v) Donnelly and Gardner Inlets as representatives ofthe seasonally open, riverine type ofestuary.

Although Black Head has geological significance as the pointwhere the Darling Fault crosses the coast,
the Working Group concluded that coastal waters at neither this location nor off the rocky headlands of
Point D'Entrecasteaux and CliffPoint have particular merit as candidates for reservation. No further
reference will be made to those areas. However, each of the other areas in the above list has features of
special interest and they are considered separately below.

3.2.1. Black Point
Tenurc
The promontory known as Black Point is at the western end of the D'Entrecasteaux National park
which extends to the low water mark.

Ceomorphologg
The promontory interrupts the otherwise continuous stretch of wide beach forming the southern shore
ofthe Perth Basin. It is a high headland of the Bunbury Basalt, and is one of the most extensive
outcrops of this rock type. At the shore the outcrop has eroded into high cliffs with narrow rock
platforms, large tide pools and boulder fields at sea level. Columnar and pillar formations are both
present. It is assumed that the rock extend into the sublittoral zone.

Flom and fauno
No information is available on the marine flora or fauna at this locality. However, the tlpe of rocky
shore is unusual and undoubtedly provides a variety of habitats for marine life.

Rectution
The locality is remote and access difficult. Some use is made ofthe shore as a recreational fishing site.

Previous ruommendo tions
None.

Work i n g Gmup rcc ommemlo tions
Noting that the promontory is unique in its geology and landforms and that the shore above low water
mark is within the D'Entrecasteaux National Park, the Working Group recommends that:

"a survey ofthe marine habitats adjacent to Black Point be conducted and an ass€ssment made of their
value for conservation purposes, with a view to consideration being given to reservation 0fthe area as a
marine reserve foy the conservation of marine flora and fauna,"

The working Group considered that there would be merit in extending the proposed reserve west or
east to include a section ofthe wide beach characteristic of the southern shore of the perth Basin.
However, not all ofthe hinterland of those areas is presently included within the national oark and it
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was concluded that a representative portion of that coastal type would be better selected further east
(see section 3.2.2).

3.2.2. Warren Beach
This section refers to a 20 km stretch ofshore between the mouth of the Donnelly River and Black
Head. The D'Entrecasteaux National Park comprises the hinterland for almost its entire length.

Gamorphologg
The sector represents the stnight, wide beach coastal tlpe characteristic of the southern shores of the
Perth Basin. It is backed by Quatemary dunes. The shore faces directly into the prevailing south-
westerly wind and swell and is exposed to continuous heavy surf. The beach face is steep, almost
reflective, and consists of coarse quartz sand. The surfzone exhibits a two bar system, that is an outer
parallel-bar disparative system and an inner transverse bar-and-rip system, with attendant mega-cusp
horns and bays on the beach face (Mclachlan & Hesp, 1984). Beyond the surf zone the seabed is gently
shelving.

FIom and fauno
Mclachlan & Hesp (1984) recorded accumulations of diatoms (comprising only a single species -
Anaulus birostrdus) in the surf zone at this beach. Similar surf zone diatom blooms in other areas are
known to support rich beach communities, especially offilter feeding bivalves.

Little information is available on the marine biota of this area. With exposure to such strong wave
action, species diversity is unlikely to be high. Mclachlan & Hesp (i984) failed to find any "large
macrofauna organisms" burrowing in the beach face, in spite ofthe presence of diatom blooms, and
interpreted this as probably due to the unsuitable, coarse-grained substrate. Nevertheless, it may be
assumed that plant and animals are present, representing the surf beach and sandy substrate near-
shore communities ofthe Southern Australian Redion.

necaeation
The coast of this sector is remote with few access points. Very limited use is made of the beach by
recreational fishers.

Prcaious rccommendo tio ns
None.

Wo*ing Group recommendations
Although species diversity is unlikely to be high in this habitat, it is representative ofa coastal type and
ecosystem not otherwise represented or proposed in the South Coast marine reserve system. The
Working Croup recommends that:

"State coastal waters adjacent to the D'Entrecasteaux National Park between the mouth ofthe Donnelly
River and Black Head be considered for reservation for the conservation of marine flora and fauna and
their habitats."

3.2.3. Broke Inlet
Broke Inlet is the only South Coast estuary, in fact the only one in southern Western Australia, with
little development around its shores and virtually none in its catchment so that it remains almost
unaffected by human activity.

The estuary and its flora and fauna have been described in some detail by Hodgkin & Clark (1989b) and
only a brief summary is given here.

Ganorp hology and hydmlogy
Broke Inlet is an elongate lagoonal estuary fed mainly by the Shannon River. The catchment of Broke
Inlet and its rivers lies within the highest rainfall area ofthe south westwith an annual average of
about 1 300 mm. Most of the rain falls in the winter months but summer rain is sometimes
experienced.
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Broke is a seasonal estuary, the bar being closed for much ofthe year. It has brackish water in summer,
rarely more than half the salinity of sea water. The bar is wide, consisting of marine sands which builtl
up to as high as 1.8 m above sea level in summer. It is breached naturally in most years by winter
floods, usually between June and September, and remains open until December or January. The dates
of opening and closing vary, depending on the time and volume ofthe winter floods. There have been
dry years when it has not opened. Sometimes fishermen have artificially opened the bar.

The main river is the shannon which is 47 km long and rises in the forested hills ofthe shannon
National Park. It enters the western end of the inlet where it forms a small delta. 'l\uo small, short
rivers, the Forth and the Inlet Rivers, enter from the east where they arise in swampy plains.

Broke Inlet lies in a depression of the Proterozoic landscape behind a field ofHolocene coastal dunes.
The basin is about 15 km long and 2 to 3 km wide. It has an area of48 km2. The entrance channel is
3.5 km long and nowhere more than 250 m wide. Its northern shore is steep and cliffed but the
southern shore is low and sandy. The entnnce appears to be slowly eroding its way northwards. The
position and depth ofthe channel varies.

The basin is shallow with an average summer depth of 1.5 m but there are several deeper areas with
depths of 3 to 4 m. These deeper basins are separated by wide sand banks which may be exposed at low
tide or when water level is low for other reasons. \,ty'hen the bar is open the inlet is tidal but the
astronomic tidal range is only about 10 cm. Barometric pressure effects are believed to produce water
level changes as great as 30 cm. During winter floods the water level in the inlet may be as much as
2 m above sea level. It is this build-up of flobd water in the inlet which breaches the bar and scours the
entrance channel-

The rivers entering the inlet are tidal for only short distances upstream, the shannon for about 3 km
from its mouth.

The shallow sand bank within the inlet are composed offine, yellow, siliceous sand. The sediment at
the bottom ofthe deeper basins is fine sandy mud or black gelatinous mud. Along the northern and
eastem shores of the inlet there are rocky outcrops with sandy beaches between, rising to vegetated
dunes. The south-westem shore has a narrow beach backed by swamp with paperbark trees. There are
two moderately large islands in the inlet and several islets and emergent rock.

FIom ond fauna
The aquatic flora and fauna of Broke Inlet is depauperate. The river water entering the estuary is low in
nutrients and biological productivity is not great. The dominant plants are th e seagrass Ruppia
megacarpa, the stonevrort lamprothamnion pqulosum, the red alga polysiphonia and the green alga
cladophora. only the handful of obligate estuarine benthic animal species are normally present
throughout the year. Invasion of other invertebrates sometimes occurs in spring when the bar is open
but few survive the subsequent winter.

Hodgkin & clark (1989b) list u commercial species of fish at Broke Inlet. Most of these are temporary
invaders. Because the bar usually closes rather early in summer, only early-breeding fish species are
able to colonise the estuary in most years. Fishes that breed in spring, summer and aufumn such as the
King George whiting, yellow-finned whiting and tarwhine, invade the inlet only in those rare years
when the bar remains open until late in the season. This is one reason Broke Inlet is a less popular
fishing locality than NornalupAMalpole and wilson Inlets where the bars are permanently open or open
until mid-summer. There is both commercial and recreational fishing in the inlet but it is of limited
extent.

Rec:rutlon
Broke Inlet is relatively little used for recreational purposes. Fishing and some windsurfing and
canoeing are the most common activities. Access to the inlet is limited. Easy access is available only to
the Camfield townsite on the eastern shore via Broke Inlet Road. There is a boat launching site at that
locality. The Education Department has a camp fucility at camfield which is occasionally used for
school groups on nature-oriented study camps.
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Pre o iou s rec omm e nda ti ons
In its report on Conservation Reserves in Western Australia (1976, System 2), the EPA recommended
declantion of a South Coast national park, to include the land surrounding Broke Inlet and the
catchment of the Shannon River. This has now been done, the parks being called the D'Entrecasteaux
and Shannon National Parks. In making that recommendation the EPA did not explicitly recommend
that the inlet be reserved although this was clearly implied by the following recommendation:

"2.3 (7) until legislation is enacted to allow conservation reserves to include submarine lands, the
Fisheries Act be employed to protect the Broke and Walpole-Nornalup Inlets and the Director of
Fisheries and Wildlife be made responsible for their protectiont'.

The Shannon and D'Entrecasteaux National Park Management Plan (CALM Management Plan No. 6,
1987) recommends that Broke Inlet should be gazetted as a marine park.

Wo*ing Gmup rccommendation
Broke and Wlson Inlets are similar in many respects. Both are large, lagoonal estuaries which are
seasonally open. However, while the catchment ofBroke lies within a conservation reserve, that of
Wlson Inlet lies largely in agricultural lands. Broke Inlet hx every chance of remaining in virtually
pristine condition without eutrophication while Wilson Inlet is already eutrophic. Although Wilson
Inlet has a richer flora and fauna than Broke, its status as a biological environment is less secure. For
catchment management reasons as well as management of the estuary, the Wlson Inlet bar is
artificially opened every year. Access to Wlson Inlet is considerably greater than to Broke and it is
more extensively used for recreation. Management of Wlson Inlet and recreational use of it is presently
under the control ofthe Wilson Inlet Management Authority, empowered by the Waterwa)s
Consen"tion Act.

The Working Group concluded that there would be little point in reserving Wilson Inlet for
conservation purposes as it is now subject to such intensive human impact. As the inlet is already
controlled by the Management Authority, neither would there be any advantage in reserving it for
recreational purposes. For conservation purposes Broke Inlet is a better choice as an example of the
Iarge, lagoonal, seasonally-opened estuary because it is likely to remain in natural condition. Because
of its isolation within the national park, Broke also offers the prospect of management to preserve its
present peaceful character and use for passive recreation.

Accordingly the Working Group recommends that:

"Broke Inlet and th€ tidal parts of the Shannon, Forth and Inlet Rivers be reserved for recreation and
conservati0n and their management integrated with that of the D'Entrecasteaux National Park."

3.2.4. Donnelly and Gardner Inlets
Gnmorphologg ond hgdmlogg
Each of these rivers has a small, riverine estuary at its mouth, described by Hodgkin & Clark (1989b).
There are no lagoons. The mouth of the Donnelly River is barred by the build-up ofsand but opens
seasonally following winter floods. While the bar is open the river is tidal for a distance of about 12 km
upstream. The sea water intrudes beneath the surface freshwater and there may be little, if any, mixing.
The Gardner River has a rock bar at the mouth which remains open all year, although the bar impedes
penetration ofsea water except during the summer period when there is very little river flow. The
catchments of both rivers lie largely within forested land although the headwaters arise in agricultural
land.

Ftom and fauna
As might be expected given the highly seasonal nature ofthe environment the aquatic flon and fauna
of both inlets are depauperate. The marine seagrass Rupp ia megacarpa and the stonewort
Lamprothamnium are sometimes present. Even the suite of obligate estuarine benthic animals is
represented by only a few species (see Hodgkin & Clark, 1989b). Only the Donnelly has significant fish
populations and is fished with any regularity.
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Preoious rccommenda tions
None.

Working Gmup recommmdation
The Working Croup considers that the inlets ofthe Donnelly and Gardner Rivers have considerable
scientific and recreational value and should be managed as part ofthe surrounding D'Entrecasteaux
National Park. It is unclear whether these areas are already included within the national park.
Accordingly the Working Group recommends that:

"Legal advice should be taken on th€ status ofthe tidal pats ofthe Donnelly and Cardner Rivers and if
they aye not already reserved within the D'Entrecaiteaux National park under the Land Act,
consideYation should be given to reserving them under the Conservation and Land ManagementAct for
conservation and recreational purposes."

3,3. Walpole-Nornalup (Map V-l)

The Walpole-Nornalup estuarine system consists of two connected lagoons, that is Nornalup and
walpole Inlets, and the tidal reaches of the Deep, Frankland and walpole Rivers. The estuary has been
described by Hodgkin & Clark (1988a) and Smith et a/. (1990).

Tenure
In 1972 the Govemment gazetted the Walpole-Nornalup National Park under the Land Act as a Class A
reserve and included the inlets within the park. But it was later discovered that areas below low tide
cannot be reserved under that Act and that inclusion ofthe tidal waters ofthe inlets within the park
was not valid. When the marine reserves provisions of the CALM Act were introduced the Government
directed that the inlets be reserved as marine park under the powers of this legislation. This has not yet
been done.

Nornalup Inlet is entirely surrounded by the walpole-Nornalup National park. A small area of the park
on the north-eastern shore of Nornalup Inlet is leased to the Coalmine Beach Sailing Club. The south-
eastern shore of walpole Inlet is also national park but the north eastern shore is occupied by the
Walpole townsite and the north-western shore is a recreation reserve vested in the Shire of Manjimup.

The tidal parts of the Frankland and Deep Rivers are also contained within the national park exceot for
a portion of the former in the vicinity ofthe Nornalup townsite.

Gnmorphology and hydrclogg
walpole-Nomalup is a relatively large lagoonal estuary which has two basins and a permanenfly open
entrance. It lies between forested, granitic hills fringing the Albany-Frazer Oregon and the high
Pleistocene dunes of the coast. It consists of two basins which together cover an area of about 13.2 km2.
Walpole Inlet is connected to the much larger and deeper Nornalup basin by a narrow channel between
steep granite headlands. The entrance channel from the sea into Nornalup Inlet lies against a granite
headland on its western side and the sand dunes which flank Bellanger Beach on its eastern side. The
ocean bar limits tidal flow but it is always open and the estuary is always tidal.

Both the Deep and Frankland Rivers have well-defined channels, rather large deltas and discharge over
shallow sand bank into Nomalup Inlet. The channels have been dredged and the rivers are navigable
for some distance upstream. Their upper catchments are in agricultural lands but for much of their
length they flow through State forest or national park. Rainfall in the catchment is high, with an
annual hll of up to I 400 mm near the coast.

Deep River is tidal for a distance upstream ofabout 6 km and the Frankland for about 12 km. The
much smaller walpole River is tidal for only a very short distance. Except for the dredged channels,
Walpole Inlet is shallowwith depths less than 1 m. There are shallow sand bank around the perimeter
of Nomalup Inlet which shelve steeply to a central basin between 3 and 5 m deeD.
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The salinity regime in the estuary was studied in some detail by cslRo from 1944 to 1951 (for

references see 
-Hodgkin 

6r clark, 1988a). Throughout the summer the salinity of the water in both
inlets is approximaiely that of seawater. Marine water of oceanic salinity also penetrates far upstream

in the rwo iarger riveis cluring summer. In winter, when the rivers flood, a thermocline develops and

the fresh water flows downstream over salty water which usually remains in the deeper parts. The

saline bottom water may become deoxy5lenated under those conditions'

FIom and fauna
As may be expected, this permanently open estuary has a relatively rich flora and fauna. The seagrasses
n.qpia megicarpa and Heterozostera tasmanica both occur in Nornalup Inlet, the latter mainly near

the entranie channel. A brown alpia, Cys toseira trinodes, is common on rock around the shore. Green

algae of the genera chaetomorpha and cladophora are abundant on the muddy flats, and the green

allga Acetabilaia calyculus is common, living attached to stones and shells in the shallows. The

eplphytic algae Cft aeiomorpha billardieri and, Monosponn australis somettmes overgrott the Ruppiq

although there is no evidence of eutrophication.

The estuarine copepod Gladioferens impolrpes dominates the plankton of the riverine parts of the

estuary but also occurs abundantly in the inlets. The marine euryhaline cop epod Acartia tonsa is lhe

dominant plankter in the higher salinities of the inlets. Hodgkin & clavk (1988) list other copepods
taken in plankton samples within the estuary.

All of the South Coast obligate estuarine invertebrate animals occur in the estuary and there is a larger

number of marine invaders than is found in any other estuary in the region (except oyster Harbour). A

faunal list is given in Hodpikin & Clark (1988a).

The fish fauna also is relatively diverse. Many species targeted by recreational fishers are present, often

in large numbers, including most of the common inshore marine species. Nornalup Inlet in particular

is a popular location for recreational fishing. Net fishing is prohibited.

Rec:fetion
Ablone et aL (1990) summarised recreational use of the walpole-Nornalup National Park.

The walpole-Nornalup estuary is surrounded in many places by tall forest. It is scenically and
aesthetically one of western Australia's most spectacular estuarine environments (Hodgkin & clark,
1988). Mucir of its shore remains in its natural condition and the ruaters are unpolluted. For these
reasons the Walpole-Nornalup National Park has long been a popular area for recreational pursuits,

with the inlets as a central focus. Boating and especially fishing are among the most common
recreational activities. Sailing from the Coalmine Beach Sailing Club attracts visitors as well as local
people. Wndsurfing is becoming another popular watersport on the inlets.

The walpole-Nornalup National Park Management Plan notes the current late of increase in the
number of visitors to the park, including those indulging in water sports, with the corresponding need
for increased management to pYevent degradation of the environment.
Management ofboal launching sites is seen to be of particular concern. Prevention of pollution and
conservation of fish stock are also important.

Preoious recommemlo tions
Although in its report on conserydtion Reserves in western Australia (1976, System 2) the EPA did not
specifically recommend marine park status for the Walpole-Nornalup Inlets, it recommended as
follows:

"(7) until legislation is enacted to allow conservation reserves to include submarine lands, t}le Fisheries

Aci be employed to protect the Broke and Walpole-Nornalup lnlets and the Director of Fisheries and

Wildlife be made responsible for their protection;".

The GALM Walpole-Nomalup National PaTk Management Plan (smith el a/., 1990) noted that the
lvlinister for the Environment harl directed that the inlets should be reserved under the CALM Act and
that declaration of the marine park was "expected to occur early within the life ofthis lmanagement]
plan".
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Wo* in g Gmup recomm enda tions
The Working Group believes that the Walpole-Nornalup estuarine system has very high conservation
and recreational values. Although in size it is similar to Broke and Wilson Inlets, it is quite different in
that it is naturally permanently open to the sea. It is the only permanently open lagoonal estuary on
the South Coast and, apart from the partly estuarine Oyster Harbour, it has the most diverse estuarine
flora and fauna of any estuary in the region. It also has outstanding scenic qualities and is largely
surrounded by National Park.

The Working Group notes that in 1972 the Government included Walpole-Nornalup Inlets within the
national park until it was discovered later that this was not possible under the Land Act. Accordingly
the Working Group recommends that:

"declaration ofWalpole and Nomalup Inlets and the tidal parts of the Deep, Frankland and Walpole
Rivers as marine park be implemented as a matter of high priority, and its management integrated with
that ofthe surrounding national park."

3.4. William Bay (Map V-2)

Tmurc
Wlliam Bay National Park extends to the low tide mark in the area under consideration.

Cumorphologg
This is a granite shore with beaches altemating with smooth rock surfaces. There is a chain of large,
near-shore boulders and rock islets protecting the beaches and deep pools from the full force of the
swells. This type of situation is uncommon on the South Coast where most oDen ocean rockv shores are
exposed to healy wave action.

Floro and fauna
There is very little information about the marine flora and fauna at this locality. However, the
sublittoral habitats are diverse with extensive tide pools and boulders. A diverse flora and invertebrate
fauna is certain to occur there. The locality is the type locality for the gastrop od (cwry) Cgpraea
hadnightae. Seagrdsses, mainly species of Posdonla and Amphibolis, grow in most of the sheltered
areas in the lee of the islets.

Rectution
This is one of the South Coast's most attractive sections of coast, particularly because of its relatively
protected waters suitable for swimming, diving and fishing. It is of such scenic quality that
photographs of it often appear in tourist promotion and other publications.

Prcvious recommendo tions
None.

Wo*ing Ctoup rccommenda tion
Noting the high scenic and recreational values ofthe locality and its likely diverse marine flora and
fauna representative of the South Coast rocky shore habitat, the Working Group recommends that:

"the State waters adjacant to the William Bay National Park be surveyed and assessed for their
conservation values, with a vi€w to possible reservation as a marine reserve for dual conservation and
tecteation purposes."

3.5. West (ape Howe (Map V-2)

Tenure
West Cape Howe National Park extends to the low water mark along most of the coast under
considention. At the eastern boundary ofthe park, that is at the westem end ofrorbay (port Harding),
there is a Shire reserve at the shore.

Part V - 26



Gnmorphologg
This section of the coast is one of a series of repeated geomorphic units characteristic of the westem
part of the South Coast (see section 3.1) with Torbay Head as its central feature. It is a high doleritic
promontory uith perhaps the State's most dramatic sea cliffs exposed to the full force of the Southern
Ocean swells. Its extremity is the southernmost point of Western Australia. To the west, between West
Cape Howe and Knapp Head, there is a long, curved sandy beach backed by high Pleistocene dunes.
The sea floor fronting the western beach is gently shelving but the shore of the promontory is steep-to,
dropping off very steeply into deep water. On the eastern side ofthe promontory there is a series of
small, deep, arcuate bays with narrow beaches below very steep hill slopes. Further north within
Torbay the force of the swells decreases and the shore comprises boulders with some semi-protected
tidal pools. Tvo small islets, Migo and Richards, protect a channel and boat anchora€le.

Floro and fauno
No information is available on the marine flora and fauna of the shore. Inspection of aerial photographs
reveals a wide range of rocky shore habitats from those with maximum exposure to ocean swells, to
semi-protected pools and boulders. There are dense algal beds in the shallows on the eastern side of the
promontory, especially in the shelter of the two small islets. Deeper waters offshore in the western part
ofTorbay support extensive seagrass beds. The aerial photographs suggest the presence of similar
seagrdss beds beyond the surf zone off the beach west of West Cape Howe.

Rec,/etion
There are spectacular views from the headland although four wheel drive is necessary to gain access.
Access is available to the shore on the eastern and western sides ofthe headland. Both areas are
popular with local people for beach and rock fishing. The small, deep bay on the eastern side is one of
the most popular dive sites in the Albany district, with access to deep water from the shore. The water
is exceptionally clear and the rock wall fauna is extremely rich and colourful. The beach at the Shire
reserve in Torbay is popular as a family swimming area and boat launching site. Until now this
headland has had little attention from tourists because of its relative remoteness and inaccessibility.

Preoious recomm enda t ions
None.

Work in g Gmup recommenda tions
Noting the high scenic values of the shore, the ready access to deep water and magnificent underwater
scenery, and the variety of habitats and likely high diversity of marine flora and fauna, the Working
Group recommends that:

"consideration be given to reservation of the State waters adjacent to the West Cape Howe National Park
as a marine reserve for the purposes of conservation offlora and fauna and recreation, with the possible
inclusion of the western part of Torbay adjacent to the Shire reserve."

3.5. Klng George Sound - Princess Royal Harbour (Map V-2)

King George Sound and the two related inlets, Princess Royal Harbour and Oyster Harbour, comprise
one ofthe principal landform features of the South Coast. Albany, the South Coast regional centre and
principal port, is located on these shores.

Tenurc
Land use around the shores of this area is complex with townsites, shire reserves, freehold land and
national parks. The waters of King Ceorge Sound, Princess Royal Harbour and Oyster Harbour are
under the control of the Albany Waterways Management Authority.

Geomorphologty
A general account of the geomorphology of the Sound and inlets is given in section 1.1. King George
Sound is a marine gulf, Princess Royal Harbour an enclosed marine inlet, and Oyster Harbour partly a
marine inlet and partly an estuary. The waters are presently under study by the EPA and other
government agencies in view of concern about eutrophication of the inlets.
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King George Sound is protected from the southerly winds and swells by Flinders Peninsula which
terminates at Bald Head. The southern side ofthe Peninsula is very exposed and features hiplh gnnite
and limestone cliffs. The Sound is open to the east although there are two high islands in the entrance,
Michaelmas and Breaksea, both ofwhich are nature reserves. The depth ofthe Sound ranges from 10 to
35 m. The deepest part is a basin at 30-35 m in Frenchman Bay west of Seal Island. A sublittoral rocky
ridge connects Michaelmas Island to the northem shore of the mainland west ofHerald Point and there
is a chain of deep reefs west ofthat island.

Princess Royal Harbour is cut off from King George Sound by Vancouver Peninsula with only a narrow
entrance channel. The inlet is silted and very shallow except for a small basin on the northern side just
inside the entrance where the port ofAlbany is located. There are wide muddy sand banks around its
periphery.

Oyster Harbour is similar to Princess Royal Harbour but has two rivers, the King and the Kalgan,
entering it on the north side. These render the northern part of the inlet an estuary. The entrances to
both inlets are permanently open and there are strong tidal flor,vs in and out. Princess Royal Harbour
and Oyster llarbour are both eutrophic while King George Sound is oligotrophic.

FIom ond fauna
As noted in section 1.2, King George Sound and the two inlets were collecting sites for several early
expeditions and many marine species were originally described from there. There has been a number of
ecological studies in the area in more recent years, outlined by Wells (1990). McKenzie (1962)
described the environment and fauna of Oyster Harbour. Roberts & Wells (1980) described the marine
and estuarine molluscan faunas. An international marine biological workshop held in the area in 1988
resulted in publication of a range of important papers on the biology of the sound and the two inlets
(Wells et al., eds., 1990; 1991). These included detailed studies on seagrass beds and their associated
fauna (Kirkman el a/., 1991; Walker ef a/., 1991; Hutchings el a/., 1991; Wells ef a/., 1991), spatial
distribution of intertidal rocky shore invertebrates (Britton et al., 1991; McMahon & Britton, 1991),
fonging by opisthobranchs (Jensen, 1991), resource partitioning by intertidal snails on sand flats
(Morton & Britton, 1991). Also included were taxonomic accounts of some groups of invertebrate
animals in the area.

From the early and modern accounts it is clear that there is a wide range of habitat in the Sound and
the two inlets. These range from open ocean marine, through protected marine inlet to estuarine.
There are both limestone and granite rocky shores, intertidal mud and sand flats, deep reefs, and deep
basins with fine sand and mud substrates. As a consequence this area has an exceptionally rich and
diverse marine and estuarine flora and fauna.

Seagnss beds are dense and rich in plant and animal species, especially on the sandy sills on each side
ofVancouver Peninsula and bordering Middleton Bay. However, the seagrass beds in Princess Royal
Harbour and Oyster Harbour have suffered serious depletion in recent years as a result of
eutrophication (Bastyan, 1986; Kirkman, 1987). In Frenchman Bay seagrdsses grow down to 17 m. The
meadow-forming species Posidonia sin lloJd covers the largest area but along the shallow edges P.
auslraft3 is the firsl seagrass seen. P. kirkmanr'l is common at Gull Rock and along the north eastern
shores of King George Sound. P. roberstsonae is common along blowout edges and inside blowouts.
Both species of.Ampftlbolr3 occur throughout King George Sound. Halophila australis and
Heterozostera tasmanlta are transient members of the seagnss communities between years of large
storms and years with few storms.

The intertidal sand flat faunas ofPrincess Royal Harbour and Oyster Harbour support diverse
communities of burrowing invertebrates (Roberts & Wells, 1980; Wells & Roberts, 1980) and are of
special significance as this habitat type is now ofsuch rare occurrence on the South Coast. A notable
species is a population in Oyster tlarbour of the bivalved mollusc Anadara trarezia, a relic of iormer
times when the species had a much wider geographical range. It is a common species in Pleistocene
shell beds in southern Western Australia. The species is common in south-eastern Australian estuaries
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today but in Western Australia it now lives only in Oyster llarbour where it is the subject of a small
fishery.

The rocky sublittoral ridge between Herald Point and Michaelmas Island has a rich and diverse fauna of
attached, suspensory-feeding invertebrates, especially sponges, and associated animals. A seagrass,
Thalanodendron pachgrhizum, grows in large quantities along this ridge. The steep-to, rocky shores of
Michaelmas and Breaksea Islands also have a rich and extremely colourful wall fauna below the algal
zone (that is below about 15 m).

The deep basin in Frenchman Bay has a fine sand floor with a rich burrowing invertebrate fauna.

Fishnies
An account ofthe fish fauna of Princess Royal Harbour and Oyster Harbour can be found in Lenanton
(1974). Pilchard is the most abundant species harvested in the area. It is taken by purse-seine in King
George Sound and to a lesser extent in Princess Royal Harbour. Other key species, taken by beach-seine
and gill net within the area, include Austnlian herring, leatherjackets, cobbler, yellowtail scad,
flathead, King George whiting and garfish.

Bonito and Nanarup Beaches, located east of King Ceorge Sound, are important beaches for the
Australian salmon fishery. Commercial fishing for Greenlip abalone Qlaliotis laeuigata) occurs off
Flinders Peninsula and in King George Sound.

Reueotion
The protected and semi-protected waters of the Sound and both inlets are extensively used by local
people for recreation, including boating, fishing and diving. There are boat ramps at several locations.
Larger vessels use the pori in P ncess Royal Harbour. Commercial dive tours operate from Albany,
taking divers to the exceptionally scenic areas in the vicinity of Michaelmas and Breaksea Islands.
Whale-watching tours also operate from Albany. The lee side ofFlinders Peninsula is particularly suited
for snorklers and beginners. Torndirrup National Park, which occupies much ofFlinders Peninsula, has
ouistanding scenery and is heavily used by sightseers.

Preuiou s recomme nda tio ns
None.

Work i n g Gro up recom menda t io ns
The Working Group recognises that King George Sound, Princess Royal Harbour and Oyster Harbour
are extensively used for port and recreational purposes and that the two inlets show evidence of
environmental degradation. Nevertheless, these areas are of such biological importance that
reservation ofsome parts of them for conservation purposes should be considered. There might also be
merit in reservation of some parts to protect and promote recreational activities, especially diving.

Ofparticular importance are the seagrass beds on either side ofVancouver Peninsula and in
Frenchman Bay. The sheltered deep basin in Frenchman Bay is also a rare feature on the South Coast.
These areas are of special value for both conservation and recreation. The rocky sublittoral ridge and
reefs in the vicinity of Michaelmas and Breaksea Islands have special attractions for recreational divers,
including the commercial dive tour industry. Although similar underwater scenery and flora and fauna
occurs further east around Cape Vancouver, the King George Sound sites are much more easily
accessible to vessels from Albany.

Accordingly the Working Group recommends that:

"1. the westem shore of Vancouvet Peninsula in Princess Royal Harbour, and the eastern shore ofthat
Peninsula in King Ceorge Sound as far east a.s Flat Rock, and extending seaward as far as Seal Island to
include the waters of Frenchrnan Bay, should be considered for r€servation ar a marine reserve for the
purposes of conservation offlora and fauna and recreation;

"2. a survey be conducted of the deep ridge and reefs in th€ vicinity of Michaelmas and Breaksea Islands,
together with a survey of the waters around Cape Vancouv€r, to assess their relative underwater scenic
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values and merits as dive sites, with a view to selecting areas to be reserved for conseryation and
recreation use."

3.7. Cap€ Van(ouyer to Bald lsland (Map V-2)

This section of the South Coast has outstanding coastal scenery and a wide range of open coast habitats
with high conservation values.

Tenure
The Cape Vancouver peninsula is reserved as a Class A Nature Reserve (No. 27956) notable as a refuge
for the Noisy Scrub-bird and other threatened birds. Bald Island is also an important Class A Nature
Reserve (No. 25869) which is especially important as an island refuge for the Quokka and the site of an
introduced population ofthe Noisy Scrub-bird. Between the two is the Mount Manypeaks ridge
incorporating the Waychinicup National Park (No. 25865 and 275021and a Class A Nature Reserve (No.
36028). Thus, all but a few kilometres ofthe coast in the section under consideration is reserved for
conservation or conservation and recreation DurDoses.

Gamorphologrg
This section of coast is a fine example of the repeated sequence of arcuate beach between granite
headlands which is a prominent feature of the western part of the South Coast (section 1.1).

Mount Cardner (399 m) and Mount Manypeaks (565 m) are two of the high points on the South Coast.
Mount Gardner forms a large, granitic promontory, terminating at Cape Vancouver, and connected to
the mainland by a low, sandy isthmus. It wouid have been a high island when sea level uas only a few
metres higher than it is today. The southern side ofthe isthmus is the windward side. The shore there
consists of a long, curved, surf beach backed by Pleistocene dunes and a fringe of eolianite limestone
cliffs. At sea level, especially at the eastern end, there is extensive beach rock development and the
formation of intertidal limestone rock platforms. The northeyn side of the isthmus, fronting onto Two
Peoples Bay, faces east and is less exposed to the southern swells. It too has an arcuate beach and a
backing ofPleistocene dun€s but there is less surfand no limestone. The bay is gently shelving with a
sandy floor.

Mount Manypeaks is the high point on an east-west granitic ridge facing the Southern Ocean and
forming a stretch of very rugged, steep-to shore with almost no access. The ridge is breached near its
centre by the steep valley o{ the waychinicup River which has a small but unique inlet at its mouth.
The inlet is very narrow and flanked by steep granite hills. Its entrance is permanently open and sea
water penetrates a short distnnce upstream until it is blocked by a series of rock bars. The upper
portion of the inlet is estuarine. The high gnnite ridge terminates in the east at Bald Island, separated
from a granitic headland between Mermaid and Lookout Points by a narrow and deep channel. Beyond
Lookout Point the coast turns north again to Hassell Beach, the high gnnite giving way to another
long, curved beach backed by Pleistocene dunes.

Although the sea floor slopes gradually out to 20 m in Two peoples Bay and offHassell Beach,
elsewhere there is a rather steep slope. The granitic shores of cape vancouver, Bald Island and the
Manypeak ridge drop off very steeply to 50 m within 1 or 2 km from the shore. These steep-to shores
are characterised by spectacular vertical rock walls in the sublittoral zone. There are reports of a deep
underwater canyon off the mouth of the waychinicup River which may be a continuation of the river
valley.

Flora and fauna
The gently sloping, relatively protected seabed of I\tro peoples Bay has extensive seagrass meadows of
Posidonia and Ampftffo&i spp. There is no information on their floristic composition or the
composition of their associated fauna. However it would be safe to assume that the seagrass
community is rich in both density and species.

Little is known of the rocky shore flora and fauna of this shore. The steep granite shores of cape
vancouver, the Manypeaks ridge and Bald Island are exposed to very heavy wave action. The intertidal
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biota there is not diverse but well represents the floYa and fauna of exposed South Coast granitic
shores. The limestone rock platforms on the southern side of the Mount Gardner isthmus have not
been studied bul although they provide a rather different habitat, are probably constantly abraded by
sand in the healy surf and not rich in species.

The intertidal fauna of the rocky spit at South Point at the southern end of Two Peoples Bay has been
well sampled by biologists. The western side of the spit is relatively protected from the swells and
consists ofa field ofboulders and tide pools extending down into the sublittoral zone. This is a habitat
rich in macrophytic algae and invertebrate animals. There is an assemblage of molluscs, crustaceans
and echinoderms typical of South Coast sheltered rocky shores. Juvenile Roe's abalone (Haliotis roei)
are abundant and the endemic relict gutropod, Campanile sgmbolicum is very common. Seagrass
meadows begin at a depth of 2-3 m, beyond the limit of the boulders. They are sparse with a shoot
density of about 9-1l/m. The meadow-forming species Por idonia sinuosa is the dominant seagrass but
P. robertsonae coverslarge arex. Amphibolis sqp, Heterozostera tasmanica and Halophgla australis
are also present. There is a similar feature with a similar flora and fauna in the equivalent position at
Cheyne Beach, at the southern end of Hassell Beach. Habitats o{ this type are rare on the rugged South
Coast.

An unusual geomorphic feature, with an unusual flora and fauna, is the Waychinicup Inlet. The
sheltered rocky shores have many tide pools and loose boulders providing invertebrate habitats. In the
estuarine shallows near the head ofthe inlet there are dense seagrass beds of Posidonia australis and
muddy sand flats with diverse flora and fauna. There is nothing else quite like this on the South Coast.
The most similar would be parts of Oyst€r Harbour.

On open ocean shores the rock slopes are densely vegetated with macrophytic algae down to depths of
15-20 m. Below that depth macrophytes give way to a very diverse community of attached, suspensory-
feeding invertebrate animals including sponges, ascidians and coelenterates. Sublittoral vertical walls
and undercuts where there is shade are also densely covered with a wall fauna of sedentary
invertebrates.

Several of the emergent rocks and islands on this section of the coast are important haul-out and
breeding colonies of Australian Sea Lions and New Zealand Fur Seals. The most important of these are
Coffin Island and Bald Island. Bald lsland is also an important breeding area for the Little Penguin
(Eudgptula minor).

Fisheties
Pilchard is the most abundant species harvested (by purse-seine) from the inshore waters between Cape
Vancouver and Bald Island. Betty's Beach, midway between these points, is one of the most productive
salmon fishing beaches on the South Coast. Greenlip abalone are taken commercially around Cape
Vancouver and Bald Island. The demersal line-fish resource of this region is fished by recreational
fishers operating mainly by small craft launched from Albany and Cheyne Beach.

Recretion
l,ocal people use this area for fishing and diving but it is relatively remote and it has not yet become a
popular tourist area. There is little access to the shore. The 'l\uo Peoples Bay Nature Reserve is a
"prohibited area" except at the beach on the north side of the promontory where there is a picnic area
and a boat launching site. There is another picnic area and boat launching site at the northern end of
the bay at North Point. A trdck gives access to the head of the Waychinicup Inlet but only very small
boats can be launched there. The only other point of access is at Cheyne Beach at the south end of
Hassell Beach where there is a reasonable anchorage and a launch site.

Because of limited access, the shore and its flora and fauna are relatively pristine. Anecdotal evidence
was given to the Working Group that the fish fauna around Cape Vancouver and Bald Island remains
very rich with little evidence of depletion of the large and vulnerable species like Blue Groper and
Queen Snapper. Local dive tour operators and abalone divers claim that locations like Coffin Island off
Cape Vancouver and Bald Island, with their deep drop-offs (to 50 m in some places), spectacular rock
walls and exceptionally clear water are among the best dive sites known on the South Coast. They are
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relatively easily reached in good weather from the boat launching sites in Two Peoples Bay and Cheyne
Beach.

Preu ious recomm e mla ti ors
None.

Workin g Croup recommendations
Noting the wide variety of coastal types and habitats that are represented, the relative remoteness and
lack of access to the shore and the degree of protection that provides, and the value of the inshore
waters for public recreation, especially fishing and diving, the Working Group recommends that:

"the State coastal waters between the western boundary of the Two Peoples Bay Nature Reserve and
Lookout Point, including the tidal waters ofWaychinicup Inlet and encompassing Bald Island, be
considered for reservation as a marine reserve for conservation of flora and fauna and recreation,"

3.8. Fitzgerald Biosphere Rererve (Map V- 3)

This section deals with the marine environment of the coast adjacent to the Fitzgerald River National
Park and the estuarine environments of several smali inlets within the park boundaries. A published
management plan for the park (1991, CALM Management Plan No. 15) contains relevant information
about the coastal features.

Tenure
The Fitzgerald River National Park consists of two Class A reserves, one (No. 31738) being a 700 m
wide strip of land along the coast between Gordon and Culham Inlets, extending to the low tide mark
and including a small near-shore islet known as Red Island. The national park is a Biosphere Reserve
under the UNESCO Man & the Biosphere Program.

Beyond the southern end of the park, that is at the southern end of Doubtful Islands Bay, there is a
prominent granitic headland, terminating in Point Hood and two small islands called the Doubtful
Islands. The headland, which forms the eastern side ofBremer Bay, is Shire reserve and freehold land
but the two islands are Class A Nature Reserve (No. 23516).

The Fitzgerald River National Park extends to the low water mark and the status of those inlets entirely
encompassed by it is difficult to determine. As the inlets are merely flooded with sea watey on rare
occasions, they are hardly classifiable as "tidal" so that it can be argued that they are, by definition,
included within the national park. Gordon Inlet in the west and Culham Inlet in the east form part of
the boundary of the park but the Iocation of that boundary remains ambiguous because a "low water
mark" is not definable.

Cumorphologg
The Fitzgerald River National Park is characterised by rolling hills and a range of higher hills, the
Mount Barren Ranges. The hills are formed of metasediments of the Albany-Frazer Oregon known as
the Mount Barren Group. Low parts of the landscape are filled with Eocene sediments. The Mount
Barren Range lies along the coast in the eastern part of the park, forming rugged rocky shores with
precipitous cliffs. Outcrops of the Mount Barren Group occur at Point Charles and Point Ann,
producing high, prominent headlands. Between the headlands of the Mount Barren Range east of
Dempster Inlet and Point Charles, between Point Charles and Point Ann, and between Point Ann and
Point Hood, there are wide, arcuate beaches backed by Pleistocene dunes.

The seabed south of Point Hood and the Doubtful Islands drops off steeply to 50 m within 1 km of the
shore but in Doubtful Islands Bay there is a gradual slope and the 50 m contour is 10-15 km offshore.

Between Point Hood and Hopetoun there is a series of inlets either contained within the Fitzgerald
River National Park or bordering it. From west to east these are the Gordon, St Mary, Fitzgerald,
Dempster, Hamersley and Culham Inlets. They are no longer estuaries in the conventional sense, being
open to the sea on rare occasions when there are exceptional floods and the bars are breached (Hodgkin
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& Clark, 1990a). Nevertheless they are considered here as they sometimes support estuarine and
marine flora and fauna. Detailed descriptions of these inlets have been published by Hodgkin & Clark
(1990).

While acknowledging that the inlets within and bordering the Fitzgenld River National Park lie at the
edge of the definition of estuary, for the present purpose they are considered to fall within the category
of semi-permanently closed estuary (see Part I, section 3.7.6). The inlets have formed where the river
mouths are trapped in depressions behind rocky headlands or coastal dunes. If they were permanently
closed they would be classified as saline coastal lagoons. Culham Inlet could perhaps be so regarded.
The rivers that feed the inlets are saline and tend to flow intermittently. In summer some ofthe inlets
become hypersaline as a result of evaporation or even dry out.

Gordon Inlet has a small lagoon about 4 km long but there is a meandering riverine portion extending
13 km from the mouth. The lagoon is shallow, probably not much more than half a metre below mean
sea level. The entrance sand bar is low and break at intervals of about 3-5 years. The eastern shore of
the lagoon forms the boundary of the national park and the western shore is a shire reserve.

St Mary Inlet is the smallest of the series. It is only 1 km long and 250 m wide. It has a very shallow
lagoon and is filled with sediment to about mean sea level. It has a low sand bar at the entrance that
break only in those years of unusually heavy rainfall and then remains open for only a few week.

Fitzgerald Inlet is the largest ofthe series. It has a lagoon about 6 km long and 1.5 to 2 km wide, lying
in a valley of Pallinup Sandstone with cliffed shores at several locations. There is a narrow inlet
channel barred by low dunes. The lagoon is very shallow, that is seldom more than I m, and the floor is
at about mean sea level. Water level in the lagoon may build up to nearly 2 m during a heavy winter
flood, before the bar bursts and the water is released. The bar does not stay open for more than a few
weeks. The inlet dries completely in prolonged dry periods.

Dempster Inlet is a small elongate lagoon, about 4 km long, lying in a valley of metamorphic schists. It
is fed by small streams that rise within the park. The floor of the lagoon is silted to about mean sea
level. The entrance channel is narrow and there is a high sand bar. There are no records of the
frequency of opening but it does not seem to be often.

Hamersley Inlet lies in a deep valley between metamorphic rocks. Its upper reaches lie in a meandering
gorge and the lagoon has rocky shores. Overall the inlet is about 7 km long but it is narrower than the
Fitzgerald. It is deeper than any other of the series with the lagoon floor at about 2 m below mean sea
level near the mouth. It dries completely only rarely. The sand bar at the entrance has broken only
about seven times since 1923, that is an av€rage of about once in ten years.

Culham Inlet is a wide, shallow coastal lagoon cut off from the sea by a stable coastal dune system. Its
western shore abuts the steep slopes of East Mount Barren in the park. Its eastern shore is lower and
bordered by Shire reserve and agricultural land. The inlet is fed by the Phillips and Steere Rivers, both
ofwhich are saline. There are rich fossil beds around the lagoon showing that it was a true estuary
during the Holocene. The inlet is now so shallow that it dries up completely during prolonged dry
periods. It fills with saline river water in most winters. The last time the bar is known to have broken
naturally was in 1849 (Hodgkin & Clark, 1990a) but it was opened artificially in about 1920 and again
in 1993 following hea'"y floods.

Flora and fauna
There is very little information about the marine flora and fauna alongi this stretch of coast. The
metasedimentary rocks of the Mount Barren Group form rocky shores of rather different gpe to the
granite sholes more $pical of the South Coast but there have been no surveys of their flora and fauna.
Aerial photographs indicate that there is extensive development of seagrass beds beyond the surf zone
in Doubtful Island Bay but again no information about their floristic composition or associated fauna is
available.
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The steep-to shores of Point Hood and the Doubtful Islands are reported to be spectacular dive sites
with vertical sublittoral walls and prolific growth ofattached invertebrates and large fish populations.
Doubtful Island Bay is an important beach for the Australian salmon and Australian herring fisheries.

Southern Rigiht Whales are frequently seen in Doubtful Island Bay during winter and spring. The
highest reported numbers of this whale have been from the vicinity of point Ann (Bannister, pers.
comm.). The Doubtful Islands are important breeding colonies ofAustralian Sea Lions and New
Zealand Fur-seals.

The inlets within and bordering the Fitzgerald River National Park are very depauperate in terms of
aquatic flora and fauna, as might be expected in view of their semi-permanently closed condition.
However, when the bars break and seawater floods the lagoons many marine animals invade them and
may survive there for briefperiods.

The seagrass Rupp ia megacarpa and, lhe stoneworl Lamprothamnium establish in most of the inlets
when salinity conditions are favourable. Some of the obligate estuarine invertebrateJ are present. Black
bream survive throughout the year in deeper riverine pools. Sea mullet and a few other marine fishes
that enter while the entrances are open may also survive for some months and grow to fishable size,
especially in Hamersley Inlet. At those times they are fished by both commercial and recreational
fishers. The commercial fishers make the point that ifthese fish are not taken they die anyway when
the water becomes unsuitable for them and a valuable resource is wasted.

Recrmtion
The coastline ofthe Fitzgerald River National park is classified by cALM for management purposes as
having high or moderate scenic value. The central area of the park is a wilderness zone without access
for vehicles. Vehicle access to other parts of the shore is sited to minimise visual impact. Consequently
the scenic quality ofthis very beautiful section ofthe South Coastwill be maintained.

Most Dark visitors are sightseers. Recreational fishers use vantage points on the accessible rocky shores
and beaches but the intensity of use is low. There is a boat launching site at the southern end of
Doubtful Island Bay.

The inlets within and bordering the Fitzgerald River National park are an important element in the
scenic value of the park. Dempster Inlet lies within the wilderness zone of the park and Fitzgerdld and
Hamersley within natural environment zones. The park is becoming increasingly used for recreational
puryoses.

Preaious recomm enda ti ons
The EPA made no recommendations regarding the marine areas adjacent to the Fitzgerald River
National Park or the inlets within the park boundaries in its report on conservation Reserves in
Western Australia (1976, System 3).

In the CALM Management Plan (1991, No. 15) for the Fitzgerald River National park it was
recommended that the Gordon, St Mary, Fitzgerald, Dempster and Hamersley Inlets be declared
marine reserves. It was also recommended that commercial fishing be permitted in Gordon and
Hamersley Inlets but not in Fitzgerald, Dempster or St Mary Inlets.

Wo*i n g C roup recommenda tions
while acknowledging the lack of information about the marine flora and fauna on the shores of the
Fitzgerald River National Park, the working Group believes that reservation of the coastal waters
adjacent to the park would have merit for recreation and management reasons. With limited access to
the shore, significant human impact on the marine flora and fauna is unlikely. Reservation would be
consistent with the principal uses of the coastline, that is sight-seeing and recreational fishinpi, and a
Iogical extension of the International Biosphere Reserve status of the coast.

The importance of Doubtful Island Bay as a nursery area for Southern Right Whales is in itself a reason
for reservation. Assuming that care is taken to avoid interference with the whales, the existing
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commercial Australian Salmon fishery would be readily accommodated within marine park
management programs.

The Working Group notes the greater public acceJs to the coast on the north side of Point Hood and
the presence there of housing but believes that theye is a case for extending the proposed marine
reserve to encompass the Doubtful Islands and Point Hood providing additional protection to the Sea
Lion and Fur Seal colonies and adding a significant area of rocky shore to the reserve.

The small inlets of the Fitzgerald River National Park, impoverished though they are in terms of
aquatic flora and fauna, nevertheless represent a tlpe of semi-permanently closed "estuary" peculiar to
the eastern part of Western Australia's South Coast. They have considerable scenic merit and
contribute significantly to the scenic and recreational values of the Fitzgerald River National Park and
to the integrity of the status of the area as an International Biosphere Reserve. Culham Inlet is hardly
claimable as an estuary at all and it is now highly modified by human activity and has less value as a
potential reserve for either conservation or recreational purposes.

For the above reasons the Working Group recommends that:

"the area of State coastal waters between the mouth of Cordon Inlet and the mouth of Culham Inlet ,
that is the coast adjacent to the Fitzgerald River National Park, should be considered for reservation as a
marine reserve for conservation of flora and fauna and recreation, and that it should be added to the
Fitzgerald Biosphere Reserve;

"consideration also be given to reservation for the same purposes of the southern part of Doubtful Island
Bay encompassing the Doubtful Islands and Point Hood;

"legal opinion be obtained on the status of Cordon, St Mary, Fitzgerald, Dempster and Hamersley Inlets
and if they are judged to be 'tidal' and therefore excluded from the national Dark as declared under the
Land Act, consideration should be given to reservation of them a.s marine reserves under the CALM Act
and that their management be integrated with that of the national park.'

3.9. Stokci lnlet (Map V-4)

The section of the coast here under consideration is adjacent to the Stokes National Park encompassing
Margaret Cove, Dunster Castle Bay and Fanny Cove and includes Torradup and Stokes Inlets. The
geomorphological and biological features ofthe inlets were described by Hodgkin & CIark (1989a) and
are summarised here.

Tenure
The national park extends to the low water mark. Stokes Inlet is entirely surrounded by the national
park but the extreme upstream part ofTorradup Inlet lies beyond the park's northern boundary. As in
the case of the inlets enclosed within the Fitzgerald River National Park, there is question whether
Torradup and Stokes Inlets are "tidal" and therefore excluded from the national park by the terms of
the Land Act.

Gumorp holo gg a n d hgdmlogg
The repeated sequence of granitic rocky headlands alternating with arcuate beaches backed by
Quaternary dunes is represented along the coast of the Stokes National Park by three units. The
headlands here are low and not as scenically spectacular as those in the western part of the South
Coast. The largest is Shoal Cape at the western end of Fanny Cove. Similar but much smaller headlands
form the western ends of Dunstey Castle Bay and Margaret Cove. Fanny Cove is moderately protected
from ocean swells except during easterly weather.

The southward-pointing toe ofthe Shoal Cape headland is exposed to healy wave action on both its
western and eastern sides. Its shorei are tlpical of exposed granitic shores with smooth, wave-swept
rock slooes.
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West of Shoal Cape the shore is beach and Quaternary limestone. For a distance ofover I km
immediately west of the headland the beach is protected from the ocean swells by three parallel, near-
shore limestone reefs. The reefs appear to be formed of old beach rock deposits and to represent
previous positions of the shore. The two inner reefs break the surface but the top of the outer one is
several metres deep. There are deep channels between the three reefs and between the inner reef and
the shore. The outer channel has a maximum depth of over 25 m. The inner sides of the reefs are
deeply undercut and cavernous and there are underwater scree slopes of limestone slabs. Similar
offshore limestone reefs occur further west but are less continuous and orovide less Drotection to the
shore.

Torradup Inlet, formed at the mouth of the Torradup River, is the most easterly of the South Coast
riverine estuaries. It is small, being about 3.5 km long and nowhere more than 200 m wide, with an
area of about 0.4 kmz. Most of the inlet is shallow with marginal sand flats and depths of 2 m in the
narrower parts. It always holds water, which may be almost fresh when the river flows and is probably
seldom much more salty than sea water. The entrance bar breaks every year but remains open only
briefly, for about a week.

Stokes Inlet is the most easterly of the South Coast lagoonal estuaries of moderate size. It is only
arguably an estuary. It may be classified as ofthe lagoonal, semi-permanently closed tlpe. The inlet lies
in a deep valley and is fed by the Lort and Young Rivers, both ofwhich are saline. Although the rivers
arise in agricultural lands, the lagoon is entirely encompassed by the park. It has an area of about
14 kmz. lt has relatively deep water and is not known to dry out. The entrance channel has a depth of
up to 10 m. The entrance sand bar may be as much as 2 m high and breaks infrequently. It remained
closed for the thirty year period to 1967 but since then has opened on average at about 5 year intervals.
The more frequent opening in recent years appears to relate to the clearing of much of the catchment
and the resulting increased flooding. Salinity in Stokes Inlet is rarely less than that of sea water. Even
winter flood water is brackish and evaporation in summer may raise the salinity to hypersaline levels.
There is some evidence of minor nutrient enrichment derived from the catchment.

FIoru and fauna
Very little information is available on the marine flora and fauna of this shore. Inspection of aefial
photographs indicates that the gently shelving seabed, especially in the coves, has dense PosrTonla and
Amphibolk seagrass beds but little is known oftheir floristic composition or associated fauna.

The Working Group was given reports from abalone divers and commercial shell collectors that the
channels between the limestone reefs west of Shoal Cape are the habitat of an extremely rich and
diverse invertebrate and fish fauna. This is consistent with the physical nature of the habitat.

The aquatic biota of Stokes Inlet is impoverished. The sea grass Ruppia megacarpa, the stone\vort
ktmprothamnium and the attached green alga Polgphgsa peniculus are the dominant plants and all
may be abundant in suitable water conditions. The suite of obligate estuarine invertebrates normally
found in South Coast estuaries is present. In addition a number of marine invader invertebrates have
been recorded. A species present in this inlet but not recorded in inlets further west is the inland salt
lake snail Coxiella sp. Black bream are permanent residents in the inlet but during the years following
opening of the bar a number of marine fishes establish there, including Australian herring, pilchard,
yelloweye mullet, sea mullet, King George whiting, cobbler, tarwhine and many others.

The aquatic flora and fauna of Torradup Inlet is even more impoverished than that of Stokes. The only
invertebrates recorded (Hodgkin & Clark, 1989a) are the bivalves lrthritica semen and Sanguinolaria
biradiata, a salt lake gastropod Coxiella sp" and an unidentified polychaete worm.

Recretion
The Stokes National Park has high scenic qualities but it is remote and as yet it is not a popular tourist
destination. Yet the coastal vegetation and scenery is of high quality and fishing in the inlet and on the
coast is excellent. Increasing use ofthe park and the inlet for recreational purposes may be expected in
future.
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Fanny Cove is used mostly by local people as a camping and fishing location. Boats may be launched
there. Although little used at present, the western side of Shoal Cape has considerable potential as a
recreational diving site with the protection from the swells provided by the near-shore limestone reefs.

Pre ui ous rucomm enda tions
None.

Work ing Group recomm enda tions
The repeated sequence of rocky headland-beach present on this section is representative of the South
Coast except that the headlands are low and without high cliffs. The near-shore limestone reefs which
are a common feature at the eastern ends of the bays east of Hopetoun are very well represented here.
The deep channels between the reefs on the western side of Shoal Cape are a unique feature and
undoubtedly provide habitat for a diverse marine flora and fauna. The coast has excellent potential for
sightseeing, recreational fishing and diving which would add significantly to the recreational
opportunities ofthe Stokes National Park.

Stokes and Torradup Inlets have high consewation values as representatives ofthe South Coast semi-
permanently closed lagoonal and riverine estuaries. Stokes is the most easterly of the lagoonal inlets of
any size. It has relatively deep water and does not dry out. Undoubtedly for that reason, it supports a
more diverse aquatic flora and fauna than other estuaries of similar type further west. The inlet has
high scenic value and is an important element of the scenic quality of the surrounding national park. It
also has considerable value for its recreational fishing.

The Working Group recommends that:

"State coastalwaters adjacent to the Stokes National Park, encompassing Margaret Cove, Dunster Castle
Bay and Fanny Cove, and including the tidal parts of Stokes lnlet and Torradup Inlet, be considered for
reservation as a marine reserve for the purposes of conservation of flora and fauna and public recreatior;
and managed in conjunction with the national park."

3.1O. Recherche Archipelago (Map V-4)

The Recherche Archipelago is one of the major features of the South Coast, stretching for a distance of
more that 200 km and including many islands. The port of Esperance, located in Esperance Bay at the
western end of the archipelago, is the district centre.

Tenure
Most of the islands of the archipelago are incorporated in a Class A Nature Reserve (No. 22796). Woody
Island in Esperance Bay is a Class B Nature Reserve. Cape Arid National Park and Cape Le Grand
National Park include the shores of most of the adjacent mainland. All ihe nature reserves and the
national parks extend to the low water mark.

Several of the outer islands lie beyond the State three mile limit (that is three nautical miles from the
baseline). They are State territory and therefore each is surrounded by its own area of State waters.

Geomorphologty
The islands of the archipelago represent the high points of the Proterozoic land surface (Albany-Frazer
Oregon) now flooded by the ocean. Most of the islands are exposed to high or moderate wave action
from all directions and there are few safe anchorages or landings. In form and character the islands
resemble the granitic headlands of the mainland coast. Their high rocky promontories have smooth,
steep sides sloping into the sea in the most exposed areas. More sheltered shores have boulders and tide
pools. Between some of the headlands there are arcuate beaches backed by low dunes or gnnite hill
slopes.

The depth of the sea floor within the archipelago averages about 40 m. Most of the islands are within
the 50 m bathymetric contour although the outer islands rise from depths of 70 m or more. Typically
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the rocky shores are steep-to with an abrupt change in substrate where the rock slopes meet the sandy
floor. There are many vertical rock walls in the sublittoral zone.

Floru and fauna
The only studies of the marine flora and fauna of the archipelago were published over 30 years ago by
members of the Australian Geographical Society Expedition. There is Iittle other information available.
Inspection of aerial photognphs indicates that there are extensive seagrass beds in the bays but there is
no information on their floristic composition and associated flora and fauna. Posidonia sinuosa hu
been collected fvom individual clumps as deep as 47 m in the Archipelago.

Recreational divers and commercial abalone divers and shell collectors have informed the Working
Group that the upper parts of the rock slopes, that is above about 20 m, are dominated by macrophytic
algae but below that depth there are spectacular growths of attached invedebrates, most notably
sponges and coelenterates. Fish communities are very diverse and even the vulnerable residential
species like Blue Groper and Queen Snapper are abundant.

Many of the islands and emergent rock in the archipelago are haul-out sites and breeding colonies of
Australian Sea Lions and New Zealand Fur Seals. The breeding colonies include the largest in the State
for both species. There are also important nesting areas for the Little Penguin on several of the islands.

Fishnies
The lower rock slopes of the islands are an important Zone I area for the greenlip and brownlip abalone
which are fished commercially.

Gummy shark, and to a lesser extent whiskery shark and dusky shark (bronze whaler), are extensively
fished by demersal gillnet and longline in these waters. The waters of the archipelago also support a
large proportion of the fishery for the southern rock lobster. A small demersal trawl fishery for saucer
scallops also operates seasonally within the area. There is a regionally important, developing, purse-
seine fishery for pilchard.

Recrcotion
Because of the remoteness of these islands, the paucity of safe anchorages and the difficulty of landing
ashore, they are notwell suited for recreational use. With one exception they are reserved exclusively
for nature conservation and, although landing is not prohibited, camping on the islands is approved
only for special purposes. The exception is Woody Island where shore accommodation is available.
Nevertheless, the waters around the islands provide excellent opportunities for fishing and quite
spectacular sites for diving and the archipelago is becoming increasingly used for those purposes,
including commercial dive tours.

Pretious recomm enda t i ons
None.

Worki n g Gmup rccommenda tiotts
While acknowledging the paucity of information about the marine flora and fauna of the Recherche
Archipelago, the Working Group believes that resewation of these waters can be justified on the
grounds that habitats are diverse and that added protection would be provided for the Sea Lion, Fur
Seal and seabird colonies. Pyotection of areas for the purposes of recreational diving and development
of the commercial dive tour industry can also be justified.

However, with the limited information available, the Working Group was unable to identify parts ofthe
Archipelago which are particularly worthy of reservation. It was concluded that selection of specific
areas would be unwise and that reservation of the entire area as a multiple-use marine reserve is
warranted. Subsequent surveys in the course ofpreparation of a management plan would identify areas
ofparticular importance for conservation, recreation and commercial fishing and appropriate zoning
would resolve ootential conflicts between these activities.
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Accordingly the Working Group recommends that:

"the waters of the Recherche Archipelago between Butty Head in the west and Israelite Bay in the ea5t ,
extending to the limit of the State Territorial Sea, including the areai of State waters surounding the
outer islands but excluding the Port of Esperance, should be considered for reservation as a marine
reserve for multiple purposes including conseruation of flofa and fauna and public recreation."

3.11. Twilight Cove (Map V-5)

The section of the coast considered here takes in the western shores of the Great Australian Bight,
extending approximately 50 km east and west of Twilight Cove.

Tenurc
The adjacent coast is a Class A Nature Reserve (No.27632) which extends to the low tide mark.

Gnmorphologrg
Ceologically the area lies within the Eucla Basin and straddles the two major coastal tlpes
characteristic o{ the shores of that sedimentary basin. In the east the shore is beach backed by high,
often mobile Pleistocene dunes, including the Eyre Sandpatch. ln the west the
shore is formed by the Baxter Cliffs, high limestone cliffs with narrow, limestone rock platforms,
boulder fields or narrow beaches at their base. They are similar to the Nullarbor Cliffs on the South
Australian side of the border. The sea floor along this stretch of coast is gently shelving and relatively
featureless.

Floro and fauna
There is very little information about the marine flora and fauna of this area. Inspection of aerial
photographs indicates that there are extensive seagrass beds off the beach, protected by coastal
limestone reefs. The seagrass meadows consist mainly of Amphibolis but their associated fauna has not
been determined. Nothing is known of the rocky shore biota along the base of the Baxter Cliffs.

The Little Penguin has been reported nesting at sites along the coast in the vicinity of Twilight Cove,
the only mainland breeding area known for this species in Western Australia. There have also been
reports of a breeding colony of the Australian Sea Lion on rocks at the base of the Baxter Cliffs (pers.
comm. B. Haberley). The colony is small but it too is the only record of the species breeding on the
mainland.

Fisheries
No significant use is made by commercial fishers of this area. The shallow coastal limestone reefs and
seagrass beds between Twilight Cove and Eucla are currently being considered as a protected nursery
area for the commercially important gummy shark.

Recreation
This is a very remote part of the coast with limited access. [t is used only rarely by sight-seers and
recreational fishers.

Pre u ious recornm enda ti ons
None. However, it should be noted that the South Australian Covernment has proposed the
establishment of a marine reserve at the Head of the Bight extending as far west as the Western
Australian border.

Worki n g Group tecomm enda t i o ns
This section of the coast is selected for consideration by the Working Group because it represents the
two coastal tlpes characteristic of the shores of the Eucla Basin and not because it has any known
special conservation or recreation values. The Working Group recommends that:
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"a survey of the coast between about 50 km east and west of Twilight Cove should be conducted to assess
the value of the area ai a marine reserve for the Drotection of marine flora and fauna and coastal
landforms."
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PART l: INTRODUCTION

The introductory section contains no Working Group recommendations.
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Cambridge Gulf (Map ll-l )

Workin g Croup recommenila tions
Noting the high biological diversity of the Cambfidge Gulf estuary, especially in the eastern mangals
and nearby areas, the unique character of the estuary in terms of its geomorphic and biological
community structure, and the importance of the system as a contributor to the biological
productivity of Bonaparte Gull the Working Group believes that there is a good case for reserving
this area for nature cons€rvation.

After some consideration the Working Group decided not to recommend extending the resewation to
the NT border because, although the fringing mangals and supra-tidal flats of that shore are a
significantly different coastal tlpe to those of Cambridge Gulf, they are not likely to support a diverse
flora and fauna and not likely to need management for public recreation purposes.

The Working Group recommends that:

"the eastern side of Cambridge Gulf, east of a Iine between White Stone Point on Lacrosse Island and
Nicholls Point on Adolphus Island, and encompassing the False Mouths of the Ord, together with the waters
of the tidal po ion of the East Arm of the Ord, be considered for reservation for the conservation of marine
flora and fauna and protection of mangal habitat. At the mouth of the Gulfthe reserue should extend
seaward to the limit of State teritorial waters and eastwards from CaDe Domett for a distance of
approximately 15 km."

Londonderry (Map ll-2)

Work i n g Cro up recomm e nda tiotts
It is acknowledged that the following recommendations are based almost solely on photo-
interpretation and accounts of the sc€nic quality of the coast. Field studies will be needed to confirm
the high values of the seagrass, reefand mangal habitats before these recommendations proceed and
boundaries are decided.

The Working Group endorses the earlier recommendations, though noting that there is no category
for marine national park in the current legislation. Given the high recreational and tourism potential
of the area the most appropriate reserve category would be marine park.

The eastern and westem extent of the proposed marine reserve is problematical. In the west, because
of the configuration of the Drysdale Estuary, it is not possible to limit the marine reserve to the
waters contiguous with the proposed national park. lt will be necessary to extend the reserve
westwards along the southern shores of the estuary which are Aboriginal reserve land. The western

Recommendations - 3



boundary of the marine reserve could be located along a line running northward from Red Bluff and
through West Governor Island so including the north eastern part of Napier Broome Bay.

Limiting the marine park to the waters contiguous with the national park in the east would exclude
Lesueur Island, the estuary of the King George River and the spectacular King George Falls. As the
falls are an important feature in potential recreational use of the park and Lesueur Island and its
surrounding reefs have high conservation values, the working Group believes that consideration
should be given to including these areas within the marine reserve.

The eastern and western sides of the proposed marine reserve abut Aboriginal Reserve land and it will
be necessary for the boundaries to be discussed with the relevant Aboriginal communities.

The Working Group recommends that:

"western Australian coastal waters west and north of the cape Londonderry peninsu14 including the
estuaries of the Drysdale and King Ceorge Rivers and extending ea-stwards as far as Cape Rulhieres, should
be reserved for the purposes of public recreation and the conseruation of flora and fauna.',

Vansittart Bay - Admiralty Gulf (Map ll-3)

Work i n g Group Recommenda tions
Although information on the flora and fauna of this remote part of the Kimberley coast is sparse, the
Working Group believes that four marine areas within the area warrant consideration as candidates
for reservation and recommends as follows:

"1. Vansittart Bay
Noting the accounts of the high recreational potential, marine habitat variety and abundant marine fauna,
that there be a biological survey ofwaters of Vansittart Bay with a view to selecting an area or areas for
reservation for conservation of marine flora and fauna and public recreation. The area surveyed should
include the waters south of the Eclipse Islands and Marv Island.

"2. Port Warrender
The Working Croup endorses the earlier recommendation ofBurbidge et. al. (1991) that a marine reserve
be declared in the waters adjoining the proposed national park at the mouth of the Lawley River. However,
as there is no category for marine national park, the reserve should be marine park or maline nature
reserve. In view of the high natute conservation value of the area and the limited Dotential for oublic
recreation, the appropriate category would be marine nature reserve.

"The area considered for reservation should be south of a line eastward from Walsh Point upstream in the
tidal rivers of the Lawley Estuary a.5 far as the limit of tidal waters, thus including both the Walsh point and
Lawley mangals.

"3. Mitchell River
Consideration should be given to reservation of the Mitchell River Estuary for the purpose of conseruation
of marine flora and fauna" The area considered should include the waters of walmesly Bay south of
Pickering Point and extend upstream to the l imit of t idal waters.

"4. Long Reef
The working Group recommends that there be geological and biological surveys of Long Reef and that
reservation be considered at a later date."

Prince Frederlck Harbour - talnt ceorge Basin (Map ll-4)

Wor*i n g C roup recomm enda tions
The working Group has not considered the marine habitats surrounding the many nearshore and
offshore islands of this sector because there is such little information about them. Further study may
show that the waters around the outer islands, eg. Montalivet and Maret Islands, may warrant
reservation. However, the Working Group believes that there are sufficient grounds for reservation of
the two marine gulfs in the sector and recommends as follows:
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"The recommendations of the EPA and Burbidge et al. (1991) that the waters of Prince Frederick Harbour
and Saint George Basin should be reserved should be implemented, except that there is no category of
marine national park. The appropriate designation to meet the intent of those recommendations u,ould be
marine park.

"The Working Group suggests that the seaward boundaries of the two marine reserves should be varied
from those of the earlier recommendations. In the case of Prince Frederick Harbour the boundary should
be across York Sound between Cape Torreris and Augereau Island. In the case of Saint George Basin the
boundary should be across Brunswick Bay between High Bluff and Cape Wellington, incoDorating the
waters ofHanov€r Bay. These boundaries include portions of the more open ocean marine habitati and can
be precisely located for management purposes."

Montgomery lrlands (Map ll-5)

Work ing Croup rccomm e nda tions
With very little information available the Working Group is not in a position to do more than endorse
the earliev recommendations of Burbid€e et al., primarily on the grounds that a known habitat of the
dugong is worthy of protection. However, the extensive intertidal and subtidal rock and sand flats
constitute an unusual feature on the Kimberley coast and it is probable that they support a diverse
flora and fauna. The hunting of dugong in the area by Aborigines is not necessarily incompatible with
marine reserve status, provided that the dugong population is monitored and the numbers of animals
taken are at sustainable levels.

Accordingly the Working Group recommends that:

"The waters suffounding the Montgomery and High Cliffy Islands should be considered for reservation for
the conservation of flora and fauna, with provisions made for a sustainable level of dugong hunting by
Aborigines.

"The Working Croup suggests that the outer boundary of the marine reserve should be located at a suitable
bathymetric contour around the banks and reefs."

Walcott Inlet and Secure Bay (Map ll-5)

Wo*i n g Group recomm e nda tions
The Working Group endorses the recommendation of Burbidge et al. (1991) for the reservation of the
waters of Walcott Inlet. As there is no category of marine national park the appropriate category of
reserve in keeping with the recreational use of the surrounding national park would be marine park.

The Working Croup noted the extensive and unusual mangal system and scenic values of Secure Bay
and believes that it should be added to the proposed marine park. Marine park status would not
necessarily be incompatible with future use of this feature for the generation of tidal power.

The Working Group was also impressed by George Water and Doubtful Bay as likely crocodile and
bird habitat and by the extensive mangal there, although there is little information about those areas.
Further studies should be undertaken to identiff the most important areas of these inlets for nature
conservation purposes and reservation of them should be considered at a later date. Preference given
here to Walcott Inlet and Secure Bay as a marine park representing the enclosed inlet environment
of this section of the coast is based on the fact that Walcott is surrounded by proposed national park.

Accordingly the Working Group recommends that:

"1. The tidal parts of Walcott Inlet and Secure Bay should be considered for reservation for the purposes of
public recreation and the conservation of flora and faun4 with the seaward boundaries being across the
entrances at Yule Entrance and The Funnel resDectivelv,
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"2. There be a survey of the habitats, flora and fauna of Ceorge Water and Doubtful Bay and assessment
made of the natural values ofthese areas and consideration given to reservation of them or Darts of them,
for the conservation of flora and fauna."

Buccaneer Archipelago (Map ll-6)

Work i n g Cro up recommenda tiotts
The Working Group endorses the proposals that the waters of the Buccaneer Archipelago be declared
marine park and zoned for multiple use according to a management plan developed in collaboration
r,vith the Aboriginal community.

After considering the proposed boundaries, the working Group believes that the values of the marine
park would be greatly enhanced by extending the boundaries to include Cygnet Bay in the west and
Talbot Bay in the east. The Working Croup's preferred boundaries are indicated in Mao ll-6.

The presence of pearl culture leases and operations within the area of the proposed marine park is
noted' Providing that this industry is managed with due care for the many sensitive natural values of
the marine environment, the workinpl Group considers that this activity would be compatible with
multiple-use marine park status.

The Working Group recommends that:

"The waters of the Buccaneer Archipelago, including cygnet Bay in the south west and ralbot Bay in the
east, should be considered for reservation as a multiple-use marine oark.,,

Oceanic Coral Banks and lslands (Map tl-Z)

Work i n g Croup recommenda tiorrs
The Working Group endorses the earlier recommendations for declaration of marine reserves around
both Adele and Browse lslands. It is noted that, in the case of Adele, the surrounding reef extends
beyond the limit of State jurisdiction. As it is an integral part of the coral platform reef and
ecosystem it is important that the whole reef be reserved. The working croup suggests that the state
authorities liaise with the Commonwealth with a view to securing reservation under Commonwealth
legislation ofthose parts of the reef under Commonwealth jurisdiction and subsequent joint
management of the whole marine reserve.

The Working Croup also believes that consideration should be given to the reservation of Scott Reef.
Although part of the reef is under State jurisdiction and part under Commonwealth jurisdiction, the
Working Group believes that the reef complex should be managed as one unit, r.r,ith appropriate
collaboration between the State and Commonwealth management agencies.

The Working Group recommends that:

"1. Consid€ration should be given to reservation of the State waters surrounding Browse and Adele Islands
and Scott Reei

'2. The relevant Commonwealth authorities should be approached with a suggestion that those areas of
Scott Reef and the reef around Adele Island which are under its jurisdiction, should be reserved under
commonwealth legislation so that the state and commonwealth areas can be managed a5 ecologically
inteeral units."
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Wcrt Coast of Dampierland (Map tff f )

Worh in g Aroup Recomm mda tions

l. Pender Bay - Cape Borda:

"(i) that a survey be caffied out of the supratidal, intertidal and shallow sublittoral marine habitats and
flora and fauna of the Cape Borda-Pender Bay system and the Sandy point Beagte Bay system;

" (ii) that, as an outcome of the survey, an area of the coast be selected for declaration as a marine reserve
for public recreation and protection of flora and faun4 to represent the V,shaped bay systems characteristic
of the Canning coast."

2, Lacepede Islands:

"that there be a survey of the intertidal and shallow sublittoral marine habitats and reef olatforms
suffounding the Lacepede Islands, and an assessment made of their suitability as a marine reserve for the
conservation offlora and fauna."

Roebuck Bay - Lagrange Aay (Map f -2)

Work i n g Group Recomm enila tiotts
As a designated RAMSAR wetland, Roebuck Bay is an obvious candidate for reseruation. As well aj its
status as bird habitat it includes a large mangal of very unusual structure and exceptional)y well-
devefoped mudflats. The working croup endorses the earlier recommend ation of Burbidge et al.
(1991) that a marine park be declared in Roebuck Bay but believes that further work is needed to
define the most appropriate boundaries. From an ecological and management point of view, limiting
the park to the intertidal flats is not appropriate. It would be preferable to resewe the whole waters if
the bay and such parts of the adjacent hinterland which directly contribute to its ecosystem
functions, ie. the tidal creeks and supra-tidal flats.
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Also, the Working Group considers that boundaiies should be set north and south ofthose
recommended in the 1991 report. The rocky shore of Gantheaume Point has particular conservation
values in terms of its invertebrate marine fauna and the presence of dinosaur footprints. Inclusion of
that area within the marine reserve would help resolve the management problems that prevail there
and increase the habitat diversity of the reserve. The southern boundary recommended by Burbidge
el a/. at Sandy Point would be undesinble as the Roebuck Bay coastal geomorphic continues
southwards to Cape Villaret.

For these reasons the Working Croup suggests that the Marine Park should include a larger area than
that recommended by Burbid€e et al. (1991), while noting that the Port of Broome would need to be
excluded.

The proposed Roebuck Bay Marine Park should be managed specifically for the protection of habitat
for migratory birds and the ecosystems upon which they depend. Nevertheless, the Working Group
believes that the current level of commercial, recreational and subsistence fishing in Roebuck Bay is
compatible with that management objective.

The Working Group was also impressed by the features of Lagrange Bay which is perhaps the best
example on the coast of the dune-ridge bay coastal tlpe. It has an exceptionally wide range of
habitats and biotic assemblages and an extremely rich marine fauna including many of the North
West Shelf endemic species.

Accordingly the Working Group recommends as follows:

1. Roebuck Bay Marine Park:

"(a) That the waters of Roebuck Bay be reserved a.s Marine Park for public recreation and protection of flora
and fauna.

"The marine park should exclude an area (whose precise limits will need to be defined) encompassing
Broome Harbour.

"The Working Group suggests that the boundaries could be from the norLh sid€ of Cantheaume Point to
Cape Villaret and from High Water Mark to the limit of the Territorial Sea but further study and discussion
will be needed on this aspect.

"(b) That foreshore areas not already reserued behind High Water Level adjacent to the central and southern
parts of the park, should be added to the marine park by reservation under the Land Act. This action is
pivotal for successful integrated management. The shoreward boundaries of this proposed reserve have not
been fully determined but they should encompass those coastal areas of pastoral leases which are an
integral part ofthe drainage and geomorphologicnl systems ofthe coast.

2. Lagrange Bay

"That there be further study ofthe flor4 fauna and habitats of the coastal waters, tidal creeks and supra-
tidal flats between Cape Latouche Treville and Cape Bossut including Lagrange Bay, and an assessment
made ofthe present commercial and recreational uses of these areas, with a view to the selection of the
most suitable sections for reservation for the purposes of pubJic recreation and protection of floIa and
fauna."

Eighty Mile Beach (Map ll l-3)

Worki n g Group recomm endo tions

"1. While noting that the whole of Eighty Mile Beach receives environmental recognition as a MMSAR
Wetland of Intenational Importance, the Working Group recommends that a section be reserved for the
protection of marine flora and fauna and the habitat of migntory shorebirds. The area reserved should
include the tidal flats and the 40 metre strip of land above high tide level, ie. it should extend at least from
low tide level to the boundary of the adjacent pastoral leases.
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,,2. The Working Group recommends that consideration should also be given to the r€servation of an area of

coastal waters seaward of low tide level, preferably to the limit of state waters, as a buffer to the beach

reserve.

"3. Noting that the RAOU study of Eighty Mile Beach is not yet complete, the Working Croup recommends

that a decision on which section should be reserved should be deferr€d until it is possible to accurately

identify the areaj of most importance to migntory shorebirds, although preliminary indications are that it

should be a section in the vicinity of Anna Plains."

Keraudren (Map lll-4)

Working Croup Recommendations

"1, That there be a survey of the marine habitats and flora and fauna of the mainland coast between Cape

Keraudren and spit Point, with special attention given to the mangals and sand/mud flats, and that an

assessment be made of their regional significance with a view to selecting the most diverse and

representative area for consideration as a marine reserve.

,,2. The Working Croup endorses the EPA recommendations for the declaration of North Turtle Island as a

Class A reserve for the conservation of flora and fauna and recommends that the waters surounding the

island, from the Low Tide Mark to the limit of State waters, be also reserved for protection of seabirds,

turtles and their habitats, and marine flora and fauna generally.

"3, The Working Croup endorses the EPA recommendations for the declaration of Bedout Island aJ a Cla55 A

reserve for the conservation offlora and fauna and recommends that the waters surrounding the island,

from Low Tide Mark to the limit of State waters, be also reserued f0r the protection of seabirds and marine

flora and fauna generally."

Depu<h (Map IU-5)

Cowrie Beach

Working Group Recommentlations
In view of the lack of information about the marine flora and fauna of the mangals and nearshore

waters ofthe coast in the Depuch sector, the Working Group has not been able to recommend any
particular areas for reservation which would represent coastal type 3 and these habitat tlpes within

the region. Further photo-interpretation work and field surveys are needed before this is possible.

Cowrie Beach is a special case. The Working Group considers that reservation of the beach and
hinterland is urgently needed to support protection of the very important Flatback Turtle rookery.
Not much would be gained by including the waters in front ofthe beach within the reserve. However,

there is good reason for including the tidal waters of cowrie creek which is a small but significant,
self-contained mangal unit.

Declaration of the Coastnl lands as a CALM Act maline natule reserve or Land Act nature leserve

would have the disadvanta$e that recreational fishing and camping could not be permitted. There

would be procedunl advantages, however, in declaring the intertidal zone and the 40 m strip as
marine park under the CALM Act oy the Land Act, vested in the NPNCA" thus allowing recreational
fishing to continue, subject to careful management to avoid interference with the turtle breeding
activities.

Accordingly the Working Group recommends that:

"1. That a suney should be carried out of the mangal and nearshore marine habitats of the coast between
Cape Thouin and Cape Lambert so that one or more parts of it may selected for res€rvation to represent
coastal type 3 and protect nearshore marine and mangal habitats and their flora and fauna.
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"2. That the stretch of shore of Cowrie Beach and West Cowrie Beach, extending from the boundary of the
adjacent pastoral lease to the Low Tide Mark, but including the tidal waters of Cowrie Creek, be reserved
and vested in the NPNCA, for the purpose of public recreation and protection of flora and fauna.

"3. That the breeding success of the Flatback Turtles at this site be monitored and any necessary steps be
taken to ensure that predation of the adults and young and other forms of disturbance are kept to a
minimum."

Dampier Archipelago (Map lll-6)

Worki ng Croup recomm e nda tions
The Working Croup had no difficulty in agreeing that the waters of the Dampier Archipelago warrant
reservation but the determination ofboundaries for such a reserve was problematical. There is
potential for pollution of the waters in the vicinity of the industrial and harbour facilities of Dampier
and the western side of the Burrup Peninsula and in the shipping lane which bisects the Archipelago
through Mermaid Sound, and potential for conflict between management objectives of the port-
industrial developments and conservation.

For these reasons the Working Group concluded that a Dampier Archipelago marine reserve should
exclude the inner portion of Mermaid Sound and the functional area of the Po.rt of Dampier. The park
would then comprise two primary sectors, connected on the northern side. The western part would
encompass Rosemary, Malus, Enderby, Eagl€hawk, West Lewis and the western and northern shores
of East Lewis Islands. The eastern part would include the northem tip of the Burrup Peninsula,
Conzinc, Dolphin, Angel and Gidley Islands, the island complex and waters north of Gidley L,
Hamersley Shoal, and Legendre, Hauy and Delambre Islands. The Working Group considers that the
waters of Nickol Bay are not an integral part of the Archipelago ecosystem and does not propose that
they should be included in the reserve, except for the area across the top between Dolphin, Hauy and
Delambre Islands.

The Working Group considers that the area proposed to be included in the reserve, while avoiding the
principal shipping lanes and industrial areas, adequately represents the coral reef, mangal and sand
and mudflat habitats of particular importance in the Archipelago, and that it provides good buffers
for the turtle and seabird nesting sites on the islands. It also contains the most important
recreational areas worthy of management and long term preservation.
The suggested boundaries are straight lines between easily identifiable points in the seascape
wherever possible. In the case of the eastern sector, a suitable western boundary for management
purposes could be the eastern limit of the prohibited anchorage area, between Conzinc Island and the
western tip of Hamersley Shoal, where the gas pipe)ine is laid. This would include the important
coral communities on the rock slopes of Conzinc and other small islands.

Accordingly the Working Group recommends that:

"...the waters of the Dampier Archipelago, excluding the Port of Dampier, be reserved for the purposes of
public recreation and protection of flora and fauna, and that the reaward boundary should be the limit of
the State Territorial Sea."

Cape Preston (Map lll-7)

Working Croup recommenda tions
The mangals, muddy intertidal flats and extensive shallows east and west of Cape Preston are species-
rich and undoubtedly contribute significanUy to the energy budget of the coastal waters in the
region. The varied mayine habitats are diverse and represent the mainland coast of the central
Pilbara, especially coastal tlpe 10, so that the area is an excellent candidate for setting aside as a
marine conservation reserve.

The area considered here is close to the eastern part of Regnard Bay which is suggested for inclusion
within the proposed Dampier Archipelago marine park (section 3.6 - see Map III-6). A case can be
made for a single marine reserve extending from the Archipelago to Cape Preston and encompassing
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all the waters of Regnard Bay, combining within the one reserve major examples of coastal bDes 9
and 10. For this reason the recommendations of this section should be considered togethey with
those for section 3.6.

After some consideyation the Working Group decided not to propose inclusion ofthe Fortescue
inactive delta in the proposed marine reserve. This coastal tlpe is repeated further south in the Robe
River deltn (section 3.8). However, if the boundaries of the marine park proposed within that sector
do not include the Robe delta, inclusion ofthe Fortescue delta within the proposed marine reserve at
Cape Preston should be reconsidered.

Accordingly the Working Group recommends:

"1. That the section of coastal waters between Gnoorea Point and James Point, encompassing South West
Regnard Island, Preston Island, Preston Spit and Carey Island, be considered for reservation for the
purposes ofprotection of mangal habitat, prawn and fish nursery area-s, turtle nesting and feeding areas,
and marine flora and fauna generally.

'Alternatively, consideration could be given to extension of the proposed Darnpier Archipelago Marine Park
(section 3.6) westwards to encompass all the waters of Regnard Bay and North Regnard, South West
Regnard, Preston and Carey Islands.

"Extension westwards to include the inactive delta of the Fortescue River should be considered if the
inactive delta of the Robe River is not included in the reserve of the Robe-Cane sector.

"2. That the 40m strip of vacant Crown Land between High Water Mark and the boundary of the adjacent
paJtoral leases be added to the Marine Park by reservation under the Land Act.',

Robe (Map lll-8)

Work ing Gmup rccommendo tiotts
Although available information and inspection of aerial photographs clearly indicate that this sector
contains many significant geomorphological and biological features, the Working Group r,{as not able
to recommend any particular section of it for reservation because of the lack of adequate
information. Field survey work is needed to establish which areas most adequately represent the
vayiety of geomorphology, habitats, flora and fauna that are present.

However, the Working Croup noted that the nearshore islands of the northern part of the sector, that
is between Sholl and Yammadery Islands, have recently been collectively designated as the xxx
Nature Reserve (see Map lll-8). Should the results of field surveys indicate that the northern part of
this sector contains geomorphology, habitats, flora and fauna suitably representative of the sector,
there would be merit in selecting the waters surrounding those islands for designation as a marine
reserve.

Therefore the Working Group recommends:

"1. That there should be a survey of the marine habitats, flora and fauna of the Robe mangal and adjacent
nearshore wat€rs to identify areas of particular conseruation value in terms of mangal habitat, prawn and
fish nursery areas, dugong and turtle feeding areas, and marine flora and fauna generally.

"2' Thal unless the results ofthe survey indicate that the most desirable areas for marine conservation are
elsewhere within the sector, consideration should be given to the declaration of the waters surrounding the
islands designated as the Great Sandy Island Nature Reserve and encompassing the Robe mangal south to
the Cane Riv€r, including the inactive delta of the Robe River.

"3. That the strip of land between the High Water Mark of the area selected for designation as marine
reserve and the boundary of the adjacent pastoral lease, should be added to the reserve.,,
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Exmouth Culf (Map lll-9)

Work ing Group recommenda tions
The distinctive eastern mangal and adjacent coastal waters of the gulf a)ready receive a measure of
protection under the Fisheries Act. Marine resewe status would enhance that protection. Reservation
ofthe supra-tidal flats between the mangal and the hinterland would be essential to ensure adequate
management of the mangal and coastal habitats of the marine reserve. Although they represent a
different mangal tlpe, the mangals of Gales Bay and the Bay of Rest should be included in the
reserve. By extending the reserve north along the south-western shore to a point in the vicinity of
Learmonth a section of the very different habitats of the western shore would be included.
Reservation of a small section of the coastline near Exmouth would then adequately reDresent the
western shore habitats.

Accordingly the Working Group recommends:

"1. That the nearshore waters on the eastern and south-western sides 0f Exmouth Culf be considered for
reser"r'ation for the protection of mangal habitat, prawn and fish nursery area-s, turtle and dugong feeding
areas, and coastal marine fauna and flora generally, and for recreational fishing and such commercial
fishing and mariculture as may be consistent with the former purposes.

"2. Boundaries:
(a) that the nofih eastern limit 0f the proposed marine reserve should be located at Locker Point and the
south-western limit in the vicinity of Learmonth;

"(b) that the marine area reserved should extend from the High lVater Mark seaward to about the 10 m
bathymetric contour, or some suitable straight lines approximating that contour;
"(c) that the 40 m strip of vacant Crown Land behreen the adjacent pastoral Ieases and Fligh Water Mark
should be added to the marine reserve by reser"r'ali0n under the Land Acl, t0gelher wilh such portions oF
the adjac€nt paJt0ral leases as will produce simple, clearly definable boundaries.

"3. That the EPA 1975 recommendations for declaration of islands in the area as nature reserves should be
implemented aJ s0on as possible. The Working Croup is of the view that all the island nature reserves
should be designated as Class A."

West Pilbara Offshore lslands (Maps lll-8, 9)

Worki n g Croup recommenda tions
The waters around the islands and reefs of the Serrurier group are representative of the offshore
marine habitats of the western Rowlev Shelf. Thev also have Dotential as a resource for recreation
and tourism.

Due to increasing use of the marine resources of the waters around the Muiron Islands there is a
need for increasing managem€nt, that is, facilitating access while protecting the environment and its
living resources. Reservation of the area as marine park is one means of providing a basis for
management.

Accordingly the Working Group recommends:

"1. Serrurier Island Group
"a) That an area of waters encompassing Flat, Serrurier, Bessieres, Round and Table Islands and LIood Reef,
Black Ledge and Bowers Ledge be considered for reservation for the purposes of public recreation and
protecti0n of marine flora and fauna.

"b) That an integrated Mana€ement Plan be developed for both the island Nature Reserve and the
surrounding marine reserve, with provisions for recreational fishing and for camping ashore during those
seaions when seabirds and turtles are not nestinp.

"2. Muiron Islands
That an area of the waters encompassing the Muiron and Sunday Island group be considered for reservation
for the purposes of public recreation and pr0tection of marine fl0ra and faun4 subject to:
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"a) a survey of the marine flora and fauna and habitats surounding the Muiron Islands and
comparison with those of the Ningaloo marine Park.
"b) a study on the impact of current and anticipated future recreational fishing on fish stocks around
the islands and a report produced on options for management, including the option of reseruing the
area as marine park."

Barrow-Monte Bello Complex (Map Iu-8)

Wotk in g Group recomm endo tions
While noting that the Barrow-Monte Bello-Lowendall island complex comprises a distinct coastal
t),pe with very significant conservation values, the Working Croup considers that appropriate
protection and management can be achieved by resewation of parts of the area, combined with
designation of the remainder as an environmentally sensitive area needing special management.

Accordingly the Working Group recommends:

"1. Monte Bello Marine Park
"a- that the waters encompassing the Monte Bello Islands, southwards to the channel separating the group
fuom the Bayrow-Lowendal groups, be declared a Class A marine reserve for public recreation and
protection of flora and fauna, ideally with boundaries located at the Iimit of State territorial waters along
the westem and northern sides and following the edge of the sublittonl ridge on the eastem side;

"b. that the present pearl oyster lease within the marine reserve continue but that the issue of any further
leases, or approval for the expansion of the existing lease, be subject to careful review taking account of
possible environmental impacts.

"2. Barrow Island
"a. Biggada Reef - that a stretch of the western coa5t of Barrow Island between Cape Malouet and Cape
Poivre, encompassing Turtle Bay, the Biggada coral reel and a section of rocky shore, be considered for
reservation for protection of marine flora and fauna. The precise seaward, northem and southem
boundaries should be determined in consultation with WAPET after further studv of the coastal flora and
fauna and marine habitats of the area;

"b.Bandicoot Bay - that an area east of South End, Middle Island and Boodie Island to a line southward from
Stokes Point and encompassing Bandicoot Bay, be considered for reservation for protection of marine flora
and fauna" The pyecise boundaries should be determined in consultation with WAPET afte/ further study of
the flora and fauna and marine habitats of the area."

Recommendations - 13
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PART lV: MARINE RESERVES ON THE WEST COAST

RECOMMENDATIONS FOR MARINE RESER!'ES ON THE WEST COAST

Ningaloo Reef - southern extension (Map IV-1) ............. ....................... Part lV - 21
Red Bluff to Point Quobba (Map IV-2) .. .................. Part IV - 22
Shark Bay Marine Park - Bernier, Dorre and Dirk Hartog Islands extensions (Map IV-2)... Part IV - 23
I{albarri (Map IV-3)...................... ........................... Part IV - 26
Port Gregory to Port Denison (Maps IV- 3, lV-5) ..................... .....,....... Part IV - 27

Port Cregory (Map IV-3) ............. .................... Part IV - 27
Seven lvlile Beach (Map IV-5)............. ............. Pari IV - 28

Houtman Abrolhos (Map IV4)............. ................... Part IV - 28
Beagle Islands (Map IV-5) ............. .......................... Part IV - 34
Jurien (Map IV-6).. .................... Part IV - 35
Shoalwater Islands Marine Park - Garden and Carnac Islands extensions (Map IV- 7)........ Part IV - 38
Peel-Harvey Inlet (Map IV-8) .............. .................... Part IV - 40
Leschenault Inlet and Estuary (Map IV-g) ..................... ....................... Part IV - 44
Geographe Bay - Cape Leeuwin (Map IV-10) .......... Part IV - 47

Ningaloo Reef - Southern Extension (Map lv-f )

Work i ng Croup recomme nda t ion:

"Consideration should be given to a southem extension of the State portion of the Ningaloo Marine Park
encompassing the State Territorial Sea as far as Cnarraloo Bay so as to include the full length of the
Ningaloo Reef.

"The Commonwealth Covernment authorit ies should be consulted so that consideration may also be given
to the seaward extension of the park beyond the l imits of the Stat€ Territorial Sea adjacent to this proposed
southern addition, as is the case with the existing park."

Red Bluff to Point Quobba (Map lV-2)

Work in g Croup rccomm enda tions

"The area at Point Quobba presently gazetted as closed waters under the Fisheries Act should be reserved
for the protection of marine flora and fauna specifically for the small coral reef community in the lagoon.

"The rocky shores between Point Quobba and Red BIuff should be considered for reservation as a marine
reserve, subject to a survey of the habitats, flora and fauna of the shore. The survey should be done in
conjunction with the recommended surrrey of the similar habitats along the high energy shores on the
westem sides ofBernier, Dorre and Dirk Hartog Islands."

Shark Bay Marine Park - Bernier, Dorre and Dirk Hartog lslands Extensions (Map
rv-2)

Work in g Croup rccomm e nda t i ons

"1. The Working Group endorses Shark Bay Region Plan recommendation 5.5.3 (2) (p. 79) that the waters
east of Bemier and Dorre Islands should be added to the Shark Bay Marine Park.

"The Working Croup notes that the 6 m isobath recommended aJ the seaward (eartern) boundary in the
Shark Bay Region Plan may be diff icult to implement and suggests that a series of straight l ines
approximating that isobath and incorporating the sea€rass banks would be more practical.

"The Shark Bay Region Plan did not propose northern and southern boundaries for this addition to the
marine park, As an interim meaJure, pending further consideration ofalso adding the "high energy" shores
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along the west€rn sides of the islands (see rec, 2), the Working Group suggests that the northern boundary
should be located at the northern tip of Bernier Island and the southern boundary at the southern tip of
Dorre Island.

'2. The Working Group endorses Shark Bay Region Plan recommendation 5.5.3 (4) that the high energy
marine environments west of Bemier, Dorre and Dirk Hartog Islands should be surveyed and an assessment
made oftheir value as an addition to the Shark Bay Marine Park. The survey should be done in conjunction
with one of the exposed rocky shores of the section of mainland between Red Bluff and Point Quobba.

"ln the event that the results of the survey of the western high energy environmentJ indicate that the
western shores of the islands should be added to the Shark Bay Marine Park, the Working Croup suggests
that therewould be practical advantage in extending these additional ateas around the northern and
southern ends of Bemier and Dorre Islands resDectivelv."

Kalbarri (Map lV-3)

Working Gmup recommmda tion
Although there is so little information about the flora and fauna ofthis sector, the geographic location at
the centYe of the West Coast, the distinctiveness of the coastal geomoryhology and rocky shore habitats, and
the fact that the Murchison Estuary is the most northerly of the temperate estuaries in Western Australia led
the Working Group to recommend as follows.

"Consideration should be given to reservation of the marine areai adjacent to the Kalbarri National Park
and the Kalbarri township, seawards for a distance of l nautical mile, and encompassing the tidalwaters in
the mouth of the Murchison River, for the purposes of public recreation and the protection of f lora and
fauna."

Port Gregory to Port Denison (Maps lV-3,5)

Seven Mile Beach (Map IV-5)

Worki n g Group recom m enda ti ons
"1. Consideration should be given to the res€rvation ofthe reefand lagoon at Port Cregory for protection of
marine flora and faun4 particularly the coral reef. Further study is needed to detemine appropriate
north€rn and southern boundaries.

"2. Considention should be given to the reservation of the reefs and lagoons at Seven Mile Beach for
protection of marin€ flora and fauna and scientific study. The reserved area should cover at least the area
closed to rock lobster fishing under the powers of the Fisheries Act."

Houtman Abrolhos (Map IV-4)

Wor*i n g Cmup recommenda tions
The Working Group had difficulty in reaching a satisfactory degree of consensus in respect of its
recommendations for the Abrolhos. The view that these islands, reefs and waters have the highest possible
scientific and conservation value and that they should be managed as an ecological entity was unanimous.
There was also unanimity that the three enclaves proposed in the Abrolhos Islands Planning Strategy to be
managed primarily for consen"tion and recreation purposes do not adequately represent the habitats of the
Abrolhos, or fairly provide for recreational users. A strong view was expressed that the whole area of State
Territorial Waters at the Abrolhos should be reserved as marine park, noting that present legislation would
not preclude commercial fishing within the park. However, after long debate the following
recommendations were agreed.

"In keeping with the high scientific, historic, recreational and conservation values of the Abrolhos islands
and reef complexes, and the high value of the rock lobster fishery and other fisheries, the entire area to the
Iimit of State Territorial Waters should be reserved and managed as a multiple-use area. This should be
done a.s a high priority.

Recommendations - 16



r
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I

"Management of fisheties, tourism, education and scientific research should be integrated with measures to
protect the area's natural and cultural values so that an appropriate balance between these activities is
maintained.

"Ideally, given the inter-connectedness of the island, reef and open water ecosyst€ms, the entire Abrolhos
area should be managed ai a single ecosystem unit.

"The Working Group proposes that areas selected specifically for protection of marine flora and fauna and
public recreation could be made more representative of the Abrolhos marine habitats and flora and faun4
and with better provision for public recreation, by the following amendments to the planning Strategy
recommendations:

i) addition of an area encompassing the seaward rock platform and sea€lrass meadows on the west and
north of West Wallabi and East Wallabi Islands;
ii) extension ofthe proposed marine park around Beacon
Island to include the whole of Moming Reef;
iii) extension of the proposed Pelsaert Group marine park to include a section of the seaward reef-
front habitat ofHalfMoon Reefand the lagoon west of pelsaert Island."

Beagle lslands (Map lV-S)

Work i n g Croup recommenda tions
Although limited information is available on the marine habitats and flora and fauna ofthis part ofthe
centnl West Coast, the Working Group concluded that it has many of the characteristics of the region and
some particularly important features, most notnbly the very extensive seagrass meadows and the Beagle
Islands Sea Lion breeding colony. The scour channels across the seagrasses in the northern part of the
sector are worthy offurther investigation.

In order to provide adequate protection to the sea Lion colony, the working Group considers that the
waters surrounding the Beagle Islands should be made a buffer zone by reservation for the protection of
marine flon and fauna. civen the importance of the seagrass meadows along the adjacent coast, the
Working Group also believes that considention should be given to the declaration of a multiple-use reserve
along that coast and suggests that this should extend about 30 kilometres from Knobby Head to a point just
north of Leeman. When taken together with the proposed marine reserve in the Jurien sector this would
resewe about 1696 ofthe Port Denison to whitfords coastal type and adequately represent the marine
habitats and biota of the West Coast.

Accordingly the Working Group recommends as follows:

"Consideation should be given to the reservation of State Territorial waters surrounding the Beagle Islands
and along the adjacent mainland between Knobby l-lead (29" 39') and a point just north of Leeman (29" 5s'),
for the purpose of protection ofmarine flora and fauna, with accommodation made for the continuance of
the rock lobster fishery."

lurien (Map lV-6)

Workin g Croup rccomm enda tiotts
Having considered the limited available information on the marine habitats and flora and fauna ofthe
central West Coast, the Working Group concluded that a section about 26 km long encompassing Jurien Bay
has excellent potential as a multiple-use marine reserve r€presenting the regional environmenl when taken
together with the Beagle Islands sector. As indicated previously, the two areas represent about 16% of the
Port Denison to Whitfords coastal tlpe.

The Jurien sector has complex bathymetry with well developed reefsystems, emergent rocks and islands,
extensive sand banks with dense seagrass meadows, rocky shores with wide rock platforms, several deep
semi-enclosed basins, and abundant and diverse marine flora and fauna. consideration was given to a
stretch of coast further south, adjacent to the Nambung National park, but that area has less complex
geomorphology and less diverse marine habitats.
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The Working Group is aware that the rock lobster fishery makes extensive use of this area but believes that
is compatible with reservation for multiple-use purposes under existing legislation (see Part 1).

Accordingly the Working Group recommends as follows:

"Consideration should be given to reservation of the State Territorial waters beh{een latitudes 30" 12' and
30' 26', encompassing Sandland Island, North Head, Jurien Bay, Island Point, Boullanger, Whitlock and
Escape Islands and Booker Rocks, for the purposes of protection of marine flora and fauna and public
recreation. The Jurien Boat Harbour should be excluded."

5hoalwater lslands Marine Park - Garden lsland and Carna< lslands Extensions
(Map Iv-7)

Work in g Croup rec ofi m enda t i ons
The Working Group notes the increasing recreational use of the waters off Carnac and Garden Islands and
the importance of these areas for research and environmental education. Although no study of the Carnac
Island area has been carried out as recommended by the EPA, the Working Croup believes that sufficient is
known of its marine communities and recreational activities in the area to justify reservation. However,
there would be merit in extending the marine reserve southwards to link with the existing Shoalwater
lslands Marine Park and providing added protection to the western shores of Garden Island. The Working
Group also believes that the representativeness of the reserve would be greatly increased if its seaward
boundary was located at the limit of the State Territorial Sea, thus incorporating a section of the submerged
limestone ridge known as Five Fathom Bank.

Accordingly the Working Group recommends as follows.

"Consideration should be given to the extension of the Shoalwater Islands Marine Park seaward to the limit
of the State Territorial Sea, northward along the western shores of Garden Island and Carnac Island, and for
l nautical mile east of Carnac Island, returning to Beacon Head on the north-eastern corner of Garden
Island."

Peel-Harvey Inlet (Map IV-8)

Workin g Group recom m enda tions
Notwithstanding the present polluted condition of the Peel-Harvey estuary, the Working Group believes that
parts of this estuary have very high value as habitat for waterbirds, including migratory waders whose
protection is subject to international treaties, and warrant reservation as an added protection measure.
Changes to the estuarine ecosystem follouing the opening of the Dawesville Channel are likeJy to be, on the
whole, beneficial although the effects on waterbird feeding, roosting and nesting habitats will need to be
carefully monitored.

The recreational and fishing activities in the Peel-Harvey Estuary are at present adequately controlled under
the authority of the Peel lnlet Management Authority and the Fisheries Department. Accordingly the
Working Group:

"1. Endorses the recommendations in the EPA System 6 report for the reservati0n of three areas within
Peel-Harvey Inlet, namely:

. the waters surrounding the Creery Islands at the entrance to Peel Inlet (C 50. 3);

. the waters and intertidal lands in the eastern part of Peel Inlet and south of the Yunderup, adjacent
to Nature Reserue No 4990 delta (C 50.5):

. the waters of Harvey Estuary south of a line between Herron Po int and Island Point (51.3)

for the purpose of protection of flora and fauna, specifically for the protecti0n of waterbirds and their
habitats.

"2. Suggests that the lower reaches of the Harvey River as far upstream as the southern boundary of Nature
reserve No. 23756 should be included within the resewed area.
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"3. Notes that, under present legislation subtidal waters reserved for this purpose must necessarily be
declared marine nature reserve and vested in the National Parks and Nature Conservation Authority.

"4. Notes that the Peel-Harvey Estuary is a declared mana€ement area under the control of the Peel lnlet
Management Authority and recommends that a review of legislation be undertaken to find the most
effective management structure to ensure collaboration between the several Covernment agencies and
Statutory Authorities which would have responsibility for management of areas of the inlet declared marine
nature reserue under the CALM Act."

Leschenault Inlet and Ejtuary (Map IV-9)

Working Grcup ruommendotions
Although Leschenault Inlet and Leschenault Estuary have been considerably disturbed and modified by
urban and industrial development, the Working Group believes that they retain important values for both
public recreation and conservation.

The present arrangement whereby these waterways are managed by the Leschenault Inlet Management
Authority under the authority of the Waterways Conservation Act is entirely satisfactory as a means to
protect and manage those values and there would be nothing to be gained by reservation of the whole
estuary and inlet as marine park.

Nevertheless, as an added protection there would be merit in reserving the most important areas for
conservation offlora and fauna, notably the important waterbird areas and the mangrove areas, specifically
for that purpose. These are correctly identified in the 1992 Leschenault Waterways Management Prognm.

Accordingly the Working Group recommends as follows:

"The following areas should be reserved for the protection of aquatic flora and fauna and waterbird habitat:
(i) Leschenault lnlet;
(ii) two areas ofLeschenault Estuary:

a) the northern estuary above Waterloo Head, and
b) Vittoria Bay (Turkey Point to Pelican Point, including the Preston Riv€r mouth).

"The most appropriate reserve category is marine nature resel",,e with vesting in the National Parks and
Nature Conservation Authority. Management should be carried out in collaboration with the Leschenault
Inlet Management Authority."

Geographe Bay - Cape Leeuwin (Map IV-f O)

Worki ng Group recomm enda tions
Although there has been no investigation of the Leeuwin-Naturaliste coast, the Working Group believes that
there is already sufficient information to support a recommendation for declaration of a marine reserve.
These are shores of two very distinctive coastal tlpes with outstanding public recreational potential, a wide
range of habitats and very high conservation values.

The Working Group agrees that the areas identified in the Leeuwin-Naturaliste Management Plan have high
conservation value but considers that itwould be unwise to select only these for resewation. Other areas are
known to be of similar importance, for example the sheltered rocky shores of Flinders Bay and the leeward
side of Cape Naturaliste, and the near-shore sublittoral area between Bunker Bay and Dunsborough where
there is spectacular underwater scenery and prolific growth of tropical corals. Given the high public
recreational use of the Leeuwin-Naturaliste National Park and its coast, as well as its high conservation
value, there would be merit in declaring the whole sector a multiple-use marine park. Commercial fishing is
also important and would be provided for by management programs under the control of the Fisheries
Department.

The major distinctive coastal type represented by the sandy beaches, sheltered waters and vast seagrass
meadows of Ceographe Bay are also worthy of representation in the State's marine reserve system. The
densest seagyass meadows, most prolific coral growth, best underwater scenery and most used areas for
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recreation are located at the western end of the bay in the lee of Cape Naturaliste. As this area is contiguous
with the distinctive rocky coast of the Leeuwin-Naturaliste Ridge there would be merit in extending the
proposed marine park eastwards, perhaps as far as Vasse, to encompass a portion of the Geographe Bay
distinctive coastal type.

The working Group believes ihat a multiple-use marine park encompassing the shores ofthe Leeuwin-
Naturaliste Ridge and the western end of Geographe Bay would become one ofAustralia's most significant
recreation and conservation marine reserves. Accoriingly the Working Group recommends as follows:

"1. Consideration should be given to the reservation of the State Territorial waters adiacent to the Leeuwin
Naturaliste National Park as a multiple-use reserve for protection of marine flora and fauna and public
recreation, with provision made for the continuance of commercial fishing.

"2. That in the north the reserve should extend around into Ceographe llay ai far as Va-sse so encompassing
th€ Dunn Bay sand bar, the best of the Bay's seagrass meadows, and the areas with most prolil,lc coral
gfowth.

"3. That in the south the reser',e should extend around Cape Leeuwin to encompass l-l inders Bay and the
sealand sea Iion colonies on the offshore rocks. (The reserve should also include the Hardy Inlet estuary -
see Part V.)."
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PART V: MARINE RESERVES ON THE SOUTH COAST

RECOMMENDATIONS FOR MARINE RESER\,ES ON THE SOUTH COAST

Hardy Inlet  (Map V-1). . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .part  V -  tZ
D'Entrecasteaux (Map V-1) .................. .....................part V - 19

Black Point........... ..............part V - 20
Warren Beach....... ..............Part V - 21
Broke Inlet ........... ..............part V - 21
Donnelly and Gardner Rivers ............. ..............Part V - 23

Walpole-Nornalup Inlets (Map V-1) .... ......................part V - 24
William Bay (Map V-2)............... .Part V - 26
West Cape Howe (Map V-2)................... ....................part V - 26
King George Sound - Princess Royal Harbour (Map V-2) .... ...................Part V - 2Z
Cape Vancouver - Bald Island (Map V-2)............................................. ....Part V - 30
Fitzgenld Biosphere Reserve (Map V-3).............. .....part V - 32
Stokes Inlet (Map V-4).............. ..part V - 35
Recherche Archipelago (Map V-4) ...........................part V - 3Z
I{ilight Cove (Map V-5) ............part V - 39

Hardy Inlet (Map V-l)

Work in g Croup rceommenda tions
The Working Group notes the high recreational values of Hardy Inlet and the upper parts of the
Blackwood Estuary and the fact that increasing activity in the area places increasing stresses on its
biological resources. The estuary is one of the two largie estuaries on the South Coast which are
permanently open to the sea and it supports a relativ€ly large diversity of aquatic species of plants and
animals. Although the basin is wide, the volume is relatively small and there will be an increasing need to
manage human activities, especially fishing, so that the aesthetic and biological values of the estuary are
maintained.

Accordingly the Working Group recommends that:

"The estuary ofthe Blackwood River, including the Deadwater, Swan Lake, Hardy Inlet, Molloy Basin and
the tidal parts of the Scott and Blackwood Rivers be considered for reservation as a marine reserve for dual
recreation and conservation purposes.

"The estuarine resewe should be continuous with the eastern portion of the proposed Leeuwin-Naturaliste
marine reserve."

D'Entre<arteaur (Map V-f )

Working Croup rccommen lations
Noting that the promontory is unique in its geology and Iandforms and that the shore above low water
mark is within the D'Entrecasteaux National Park, the Working Group recommends that:

"a survey of the marine habitats adjacent to Black Point be conducted and an aisessment made of their
value for conservation purposes, with a view to consideration being given to reservation of the area as a
marine reserve for the conservation of marine flora and fauna."

The Working Croup considered that there would be merit in extending the proposed reserve west or east
to include a section of the wide beach charact€ristic of the southern shore of the Perth Basin. However,
not all of the hinterland ofthose areas is presently included within the national park and it was concluded
that a representative portion ofthat coastal type would be better selected further east (see section 3.2.2).
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Warren Beach

Wo*i n g C roup recomm e n da ti ons
Although species diversity is unlikely to be high in this habitat, it is representative ofa coastal type and
ecosystem not otherwise represented or proposed in the South Coast marine reserve system. The Working
Group recommends that:

"State coaital waters adjacent to the D'Entrecasteaux l{ational Park beh{een the mouth of the Donnelly
River and Black llead be considered for reservation for the conservation of marine flora and fauna and their
habitats."

Broke Inlet

Work i n g Gmu p recom m enda ti on
Broke and Wilson Inlets are similar in many respects. Both are large, lagoonal estuaries which are
seasonally open. However, while the catchment of Broke lies within a conservation reserve, that of Wilson
Inlet lies largely in agricultural lands. Broke Inlet has every chance of remaining in virtually pristine
condition without eutrophication while Wlson Inlet is already eutrophic. Although Wlson Inlet has a
richer flora and {auna than Broke, its status as a biological environment is less secure. For catchment
management reasons as well as management of the estuary, the Wilson Inlet bar is artificially opened
every year. Access to Wilson Inlet is considerably greater than to Broke and it is more extensively used for
recreation. Management of Wlson Inlet and recreational use of it is presently under the control of the
Wlson Inlet Management Authority, empowered by the Waterways Commission Act.

The Working Group concluded that there would be little point jn reserving Wilson Inlet for conservation
purposes as it is now subject to such intensive human impact. As the inlet is already controlled by the
Management Authority, neither would there be any advantage in reserving it for recreational purposes.
For conservation purposes Broke Inlet is a better choice as an example of the large, lagoonal, seasonally-
opened estuary because it is likely to remain in natural condition. Because of its isolation within the
national park, Broke also offers the prospect of management to preserve its present peaceful character
and use for passive recreation.

Accordingly the Working Group recommends that:

"Broke Inlet and the tidal parts of the Shann0n, l-orth and Inlet Rivers be reser",,ed for recr€ation and
conservation and their management integrated with that of the D'Entrecarteaux Nati0nal Park."

Donnelly and Gardner Inlets

Workin g Cmup recommendstion
The Working Group considers that the inlets of the Donnelly and Gardner Rivers have considerable
scientific and recreational value and should be managed as part of the surrounding D'Entrecasteaux
National Park. It is unclear whether these areas are already included within the national park.
Accordingly the Working Group recommends that:

"Legal advice should be taken on the status of the tidal parts of the Donnelly and Cardner Rivers and if they
are not already reserved within the D'Entrecasteaux National Park under the Land Act, c0nsideration should
be given to reserving them under the Conservation and Land Management Act for conservation and
recieational purposes."

Walpole-Nornalup (Map V-l)

Worki n g Croup recom m e nda tions
The Working Group believes that the Walpole-Nornalup estuarine system has very high conservation and
recreational values. Although in size it is similar to Broke and Wilson Inlets it is quite different in that it
is naturally permanently open to the sea. It is the only permanently open lagoonal estuary on the South
Coast and, apart from the partly estuarine Oyster Harbour, it has the most diverse estuarine flora and
fauna of any estuary in the region. It also has outstanding scenic qualities and is largely surrounded by
National Park.
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The Working Group notes that in 1972 the Government included Walpole-Nornalup Inlets within the
national park until itwas discovered later that this was not possible under the Land Act. AccoYdingly the
Working Group recommends that:

"declaration of Walpole and Nornalup Inlets and the tidal pads of the Deep, Frankland and Walpole Rivers
as marine park be
"implemented as a matter of high priority, and its management integrated with that of the surrounding
national park."

William Bay (Map V-2)

Work in g Cmu p rccommmdation
Noting the high scenic and recreational values of the locality and its likely diverse marine flora and fauna
representntive of the South Coast rocky shore habitat, the Working Group recommends that:

"the State waters adjacent to the William Bay National Park be suneyed and assessed for their conservation
values, with a view to possible reservation as a marine reser.le for dual conservation and recreation
purposes.-

West Cape Howe (Map V-2)

Work i n g Croup recomme ndo tions
Noting the high scenic values of the shore, the ready access to deep water and magnificent underwater
scenery, and the variety of habitats and likely high diversity of marine flora and fauna, the Working
Group Yecommends that:

"consideration be given to resen,ation of the State waters adjacent to the West Cape IJowe National Park aJ
a marine reserve for the purposes of conservation of flora and fauna and recreation, with the possible
inclusion of the western part of Torbay adjacent to the Shire reseJ"te."

King George Sound - Princess Royal Harbour (Map v-2)

Working Croup tecomm enda ti ons
The Working Group recognises that King George Sound, Princess Royal Harbour and Oyster Harbour are
extensively used for port and recr€ational purposes and that the two inlets show evidence of
environmental degradation. Nevertheless, these areas are ofsuch biological importance that reservation
of some parts of them for consewation purposes should be considered. There might also be merit in
reservation ofsome parts to protect and promote recreational activities, especially diving.

Of particular importance are the seagrass beds on either side of Vancouver Peninsula and in Frenchman
Bay. The sheltered deep basin in Frenchman Bay is also a rare feature on the South Coast. These areas are
of special value for both conservation and recreation. The rocky sublittoral ridge and reefs in the vicinity
of Michaelmas and Breaksea Islands have special attractions for recreational divers, including the
commercial dive tour industry. Although similar underwater scenery and flora and fauna occurs further
east around Cape Vancouver, the King George Sound sites are much more easily accessible to vessels
from Albany.

Accordingly the Working Croup recommends that:

"1. the western shore of Vancouver Peninsula in Princess Royal Harbour, and the eastern shore of that
Peninsula in King George Sound as far east as FIat Rock, and extending seaward as far a5 Seal Island to
include the waters of Frenchman Bay, should be considered for reservation as a marine reserve for the
purposes of conservation of flora and fauna and recreation;

"2. a survey be conducted of the deep ridge and reefs in the vicinity of Michaelmas and Breaksea Islands,
together with a survey of the waters around Cape Vancouver, to assess their relative underwater scenic
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values and merits as dive sites, with a view to selecting areas to be reserved for conservation and recreation
use.-

(ape Vancouver to Bald lsland (Map v-2)

Working Croup rccommendo tions
Noting the wide variety of coastal tlpes and habitats that ar€ represented, the relative remoteness and
lack of access to the shore and the degree of protection that provides, and the value of the inshore waters
for public recreation, especially fishing and diving, the Working Group recommends that:

"the State coastal waters between the western boundary of the Two Peoples Bay Nature Reserve and Lookout
Point, including the tidalwaters ofWaychinicup Inlet and encompassing Bald Island, be considered for
reservation a5 a marine reserve for conservation of flora and fauna and recreation."

Fitzgerald Biosphere Reserue (Map V- 3)

Work i ng Group recomfi enda tions
While acknowledging the lack of information about the marine flora and fauna on the shores of the
Fitzgerald River National Park, the Working Croup believes that resewation of the coasLal waters
adjacent to the park would have merit for recreation and management reasons. With limited access to the
shore, significant human impact on the marine flora and fauna is unlikely. Reservation would be
consistent with the principal uses of the coastline, that is sight-seeing and recreational fishing, and a
logical extension of the International Biosphere Reserve status of the coast.

The importance of Doubtful tsland Bay as a nursery area for Southern Right Whales is in itself a reason
for reservation. Assuming that care is taken to avoid interference with the whales, the existing
commercial Australian Salmon fishery would be readily accommodated within marine park management
progIams.
The Working Group notes the greater pub)ic access to the coast on the north side of Point Hood and the
presence there of housing but believes that there is a case for extending the proposed marine reserve to
encompass the Doubtful Islands and Point Hood providing additional protection to the sea lion and fur-
seal colonies and adding a significant area of rocky shore to the reserve.

The small inlets of the Fitzgerald River National Park, impoverished though they are in terms of aquatic
flora and fauna, nevertheless represent a type of semi-permanently closed "estuary" peculiar to the
eastern part of Western Australia's South Coast. They have considerable scenic merit and contribute
significantly to the scenic and recreational values o{ the Fitzgerald River National Park and to the
integrity of the status of the area as an International Biosphere Reserve. Culham Inlet is hard)y claimable
as an estuary at all and it is now highly modified by human activity and has less value as a potential
reserve for either conservation or recreational purposes.

For the above reasons the Working Group recommends that:

"the area of State coastal waters between the mouth of Gordon Inlet and the mouth of Culham Inlet , that is
the coast adjacent to the Fitzgerald River National Park, should be considered for reservation as a marine
reserve for conservation of flora and fauna and recreation, and that it should be added to the Fitzgerald
Biosphere Reserve;

"consideration also be given to reservation for the same purposes of the southern part of Doubtful Island
Bay encompassing the Doubtful Islands and Point Hood;

"legal opinion be obtained on the status of Gordon, St Mary, l'itzgerald, Dempster and Hamersley Inlets and
if they are judged to be 'tidal' and therefore excluded from the national park as declared under the Land Act,
consideration should be given to reservation of them ai marine reserves under the CALM Act and that their
management be integrated with that of the national park."
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Stokes Inlet (Map V-a)

Wo*i n g Croup recommendo tions
The repeated sequence of rocky headland-beach present on this section is representative of the South
Coast except that the headlands are low and without high cliffs. The near-shore limestone reefs which are
a common feature at the eastern ends of the bays east of Hopetoun are very well represented here. The
deep channels between the reefs on the western side of Shoal Cape are a unique feature and undoubtedly
provide habitat for a diverse marine flora and fauna. The coast has excellent potential for sightseeing,
recreational fishing and diving which would add significantly to the recreational opportunities of the
Stokes National Park.

Stokes and Torradup Inlets have high conservation values as representntives of the South Coast semi-
permanently closed Iagoonal and riverine estuaries. Stokes is the most easterly of the lagoonal inlets of
any size. It has relatively deep water and does not dry out. Undoubtedly for that reason, it supports a more
diverse aquatic flord and fauna than other estuaries of similar type further west. The inlet has hi(h scenic
value and is an important element ofthe scenic qualig of the surrounding national park. It also-has
considerable value for its recreational fishing.

The Working Group recommends that:

"stat€ coastalwaters adjacent to the stokes National park, encompassing Margaret cove, Dunster castle
Bay and Fanny Cove, and including the tidal parts of Stokes Inlet and Torradup Inlet, be considered for
reservation as a marine reserve fot the purposes of conservation of flora and fauna and public recreation.
and managed in conjunction with the national Dark.,'

Recherche Archipelago (Map V-4)

Wotki n g Grcup recommenila tiotts
while acknowledging th€ paucity of information about the marine flora and fauna of the Recherche
Archipelago, the Working Group believes that reservation of these waters can be justified on the grounds
that habitats are diverse and that added protection would be provided for the sea lion, fur-seal and seabird
colonies. Protection of areas for the purposes of recreational diving and development of the commercial
dive tour industry can also be justified.

However, with the limited information available, the working croup was unable to identify pa(s of the
Archipelago which are particularly worthy of reservation. It was concluded that selection of ipecific areas
would be unwise and that reservation of the entire area as a multiple-use marin€ reserve is warranted.
Subsequent surveys in the course of preparation of a management plan would identify areas of particular
importance for conservation, recreation and commercial fishing and appropriate zoning would resolve
potential conflicts between these activities.

Accordingly the Working Group recommends that:

"the waters of the Recherche Archipelago between Butty Head in the west and Israelite Bay in the east ,
extending to th€ l imit of the State Territorial Seq including the areai of State waters surrounding the outer
islands but excluding the Port of Esperance, should be considered for reservation as a marine reserve for
multiple purposes including conservation of f lora and fauna and public recreation."

rwilight Cove (Map V-5)

Working Group recommenda tions
This section of the coast is selected for consideration by the Working Croup because it represents the two
coastal types characteristic of the shores of the Eucla Basin and not because it has any known special
conservation or recreation values. The Working Group recommends that:

"a survey of the coast between about 50 km east and west of Twilight Cove should be conducted to xsess
the value of the area as a marine reserve for the protection of marine flora and fauna and coastal
landforms."
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The coastline on this rlap b the boundary p.oviled in digilal form
and established bv AUSLIG in May 1991
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The coastline on this map is the boundary provided in digital lorm
and established by AUSLIG in May l99l
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