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FRI NG NG REEF WORKSHOP : . . e

- EXECUTI VE  SUMMARY |
The Great Barrier Reef. Marine, park Authority’s Fringing Ree'f
" Workshop was held on Magnetic Island during October 1986. '

Mre than 6,0 people, including scientists,. consultants, tourist
operators, and managers gathered,to discuss the ecol ogy, issues,
management and interpretation of fringing reefs on the . Great
Barrier Reef.

The final day of the workshop was an excursion to fringin reefs ‘,
at Orpheus ~ Island. T h ‘ireport outlines the proceedings and
findings of 'the workshop.

Fringing reefs are coral and algal reefs adjacent to the nainland

or continental islands. Approximately one-quarter of a.1 the '

reefs on the Geat Barrier 'Reef are fringing - or incipient |,

fringing reefs. O these approximately 663 are' |ocated within t,he
Marine Park and a large proportion of these are situated between
~~Q0~°22 south. (corresponding to an area from Bowen to .St.Lawrence .

on the mainland). S B

The catalyst for the workshop was,a combination of two factors..

1. The paucity of information available on fringing " reefs,,’
especially those outside of the' wusual study areas,- of: the
Austral i an Institute of Mrine Science and James. Cook
University, -for use in the zoning and managenent process.

I

2. Sone of the major nanagenent issues, faced by GBRMPA in recent
ears relate to sPecific fringing reefs, 1N particular Cape
ribulation, Shelburne Bay, i tsunday |slands, and Magnetic .
Island. Being adjacent to land, fringing reefs are wvulnerable
to the effects of land use. Pollution, siltation, tourism and ' -
general pressure due to their relative accessibility are .just =
sone of the factors that need close study. ‘ S

The objectives of {the wor kshop wer e:

1. to 'bring together scientists, tourist. operators, and park
managers 10 ensure conti nui ng ‘cooperation and
sharing of information on fringing reefs;

2. to stinulate "interest in all aspects of fringing reefs; and:
3. to, enphasise the value of fringing reefs for tourism

Al'though there was not an enthusiastic response from tourist -
operators in terns of nunbers, those attending the Wrk'shop were,
wlling to share.their ideas and recomendations: "Thirty-three

reports' and papers were presented, concerning a range - of
"scientific and management-oriented topics, ainmed at the different"
interest groups at the Wrkshop. v o

eadi ngs: y

Paﬁer’s*we,re‘l \consi d'ered by the, Wrkshop wunder the follow ng
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. Fringing Reef Setting. Topics that provided a basis for
theme development were the geomorphological structure and
development of fringing reefs, the zonation of coral
communities and their larval connections, and the role of
algae.

Description of Fringing Reef Communities. A number of
specific fringing reef communities were described,
particularly Lizard and Magnetic Island fringing reefs,
where sites have been monitored for a number of vyears.
In addition, recent work on more controversial areas =
Cape Tribulation and Shelburne Bay = was also presented.

Human Use of Fringing Reefs. Topical papers on the
effects of reef walking and shell collecting, as well as
latest developments in giant clam mariculture and tourism
trends were presented.

Tourist Operators Discussion of Reef Use. Three
representatives of the tourist industry talked about the
various uses of fringing reefs, and gave their views on
the requirements of the industry in relation to fringing
reefs.

Issues. The main issues dealt with, included: impacts of
siltation, pollution and engineered structures and
factors to be taken into consideration in designing and
constructing marine structures.

Management. Discussion covered a range of ~-topics from
issues for day-to-day management and zoning, to permit
requirements and monitoring.

Education/Interpretation. Highlights of
education/interpretation material to be produced by
GBRMPA in the next year were revealed and low impact
mooring design proposals were put forward.

The third day of the Workshop was spent visiting some fringing
reefs of Orpheus Island, in the Palm Island group. Participants
were impressed by the diversity of coral and algal growth on the
fringing reef at the northeast end of Orpheus, as well as the
variety of fauna observed. A highlight of the field day was a
visit to the giant clam mariculture project at Orpheus Island
Research Station to observe clam spawning. Snorkelling the
Pioneer Bay reef flat and inspecting racks where young clams grow
out proved to be of great interest.

RECOMVENDATI ONS

1. Tourist operators. requested that  GBRMPA  arrange
courses/workshops for tourism operations regarding fringing reef

biology and interpretation closer to their businesses in the
Whitsundays or at actual dislandso-r fringing reefs. It was
suggested that engaging scientifically trained people or tral_nl_n?

icia

their own tourist staff in coral reef ecology could be benef
to tourist operations.
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2 . A symbiotic relationship should be " encouraged between
‘resorts/tourist operations and nearby, research -stations. In,,
‘this way, researchers could offer intetpretation:of; research in, .
pro?ress and resort opera'tors “could facilitate monitoring. of:
reefs that are impacted by their operation.

3. Research on fringing reefs should focus on providing a better
understanding of the response of fringing reefs to disturbance
such as siltation, to determine the level of stress that can be
tolerated by fringing reefs.

4. Research should focus on developing agreement on indicator
species for baseline surveys. This should be accompanied.by more
extensive monitoring to present a view of temlporal variation on
specific sites giving an indication of the health of the reef.,
Integration of remote sensing and ground truth techniques should
be developed for use in monitoring. .

5. There were differences of opinion as to whether additional
‘workshops were required. Those against more workshops felt a’
need for more information before holding further meetings. Those
recommending workshops felt they should be more relevant to the
tourist industry, more appropriately timed and located;’ ‘

6, Research should aim at developing a better understanding of
usage patterns together with the nature of tourist experiences
and their expectations. Tourist operators should consider
visitors’ expectations by preparing them for their vi'sit to
fringing reefs.

7. The potential for fringing reef use can be facilitated by
encouraging developers to assess alternatives to rigid structures
in order to maximise opportunities and maintain flexibility.’

8. There is a need for better strategic control of tourism
development. It was suggested that zoning does not allocate.uses

according to the “best possible use" or optimal .potential of.

fringing reefs.

An overall realisation of. the need for sustainable use of the

Great Barrier Reef and its resources appeared to pervade the
Workshop and assisted participants with diverse backgrounds in
meeting- the objectives-of the-Workshop. -

i
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REGISTRATION FORM

Registrationsfees are payable on arrival and include cost of
moming and afternoon tea as well as lunch on each day.

PLEASE INDICATE-DAYS ON WHICH YOU-ARE
ATTENDING

No. OF PEOPLE

D A Y 1 X %15
DAY 2 X $15 =.
DAY 3 ‘X $60 =

Spouses are welcome on excursion. Advance booking
required. If insufficient numbers indicate interest in excursion
to Pam Island Group; excursion wil be changed to Magnetic
Island at lower cost. Please indicate preference and whether
you would join the Magnetic Island excursion if Palm Island
Croup excursion is not offered.

Palm Island Group ($60 each)
Magnetic lsand ($15 each) e cmem

I

Please return this form as soon as possible to:
C.B.R.M.P.A.
P.O. Box 1379
Townsville, QId. 4810

If any queries, call Claudia Baldwin, 81 8811

Name/s:

Address: -

'ACCOMMODATION AVAILABLE
AT ARCADIA HOLIDAY RESORT
(Tel. 077 78 5177)
Anrate of $44 per night per room whether occupied by 1

or 2. Pleaseorganise hotel booking yourself butstate you
are with the Workshop-. .

Extra costs you can expect at Arcadia:

“~_Dinner, 23 October, BBQ Grill — $7.50
Breakfast— ~$5.00 — $8.00

EDUCATION/INTERPRETATION
“Reef Ed and Reef Activities Manual” - Mr. R. Neale
and Mr. C. Tilley, G.B.R.M.P.A.

“Snorkelling Trail Proposal and Design” QNPWS,
Townsville Region ?

WORKING GROUPS

«= divide into groups with cross-section of interest areas

represented in each group

— ask each group. to answer the same set of questions

1. What are the needs of tourist operators re fringing
reefs?

2. What are needs for research and management?

3. Recommendations of the workshop?

AFTERNOON TEA

— Groups form taking tea with them

— Presentations of working groups {10 min. each)

— Summary of workshop/Preview of excursion Day 3 —
Chairman of Workshop

Day 3: EXCURSION

Option One: = visit to Orpheus Is.: tour of Research
Station; picnic lunch at Research Station; view of Giant
Clam spawning snorkel tour led by Dr. T. Done; retun by
5 p.m. )

Option two (if notsufficientnumbers forOption One): —
visit to Geoffrey Bay snorkel trail; Florence Bay for BBQ

lunch and snorkel/glass bottom boat tour of Bay; Finish
by 3 p.m.
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OBJECTIVES
1. To gain an appreciation of the value of finging reefs.

2. To review existing information on the status and
functioning of finging reefs.

3. To review management problems of fringing reefs.

4. To seek strategies to assist in management and
reasonable use of finging reefs to enhance their
value.

5. To determine needs for research regarding fringing
reefs.

WHO SHOULD ATTEND?.

1. Tourist operators! Are you aware that fringing
reefs frequently are just as rich bioliogically as the
outer reefs?. Are you aware of the potential of the
finging reefs that you are on or near { Do you try to
maximise visitor interest in the fringing reefs nears
you? Do you realise the benefit of fringing reefs to
,your business?

:2.Researchers! Are you aware of the issues and
‘managementconstraints in managingfringingreefs?
‘How can your information be used to maximise
value of fringing reefs?

3.Planners, Managers! What are the issues that
must be addressed in proper management of
finging  reefs?

How can you facilitate conservation of fringing reefs
while encouraging their proper use?

FRINGING REEF WORKSHORP:

PROGRAMME
Day 1: ECOLOGY AND HUMAN USAGE
8.30 a.m. — Registration

9.00 a.m. -‘Chairman of Workshop: Dr. Don Kinsey,
Executive  Officer, G.BRMP.A

Welcome: Mr. G. Kelleher, Chairman, C.BRMP.A.
SETTING (20 min. each)
What are fringing reefs? What are their characteristics?

“Structure and Growth of North Queensland
Fringing Reefs” == Prof. D. Hopley and Mr. B. Partain,
JCU.

“Coral Communities on Fringing Reefs —= Stressed or
Favoured” — Drs. JEN. Veron and T. Done, AIMS.

“Coral Populations Fringing Island: larval
Connections” — . Stoddart, ALM.S.

MORNING TEA

“Coral or Algal Reefs?” -~ Dr. tan Price, J.C.U.
DESCRIPTION OF FRINGING REEF COMMUNITIES
(15 min each)

lizard Island Ref, Pandora Reef == Dr. T. Done
Magnetic Island Reefs — Dr. }. Colliins, J.C.U.
Whitsunday/Southern Section Fringing Reefs

- Mr. R. Van Woesik, J.C.U.

Shelburne Bay == Dr. P. Saenger

Cape Tribulation fringing reefs == Dr. W. Craik
(G.B.M.P.A), Dr. T. Ayling (Sea Research), Dr. V. Harriott

and Mr. D. Fisk (Reef Research and Information Services),
Mr. B. Partain, Mr. D. Hoyle (J.C.U.)

100 p.m. — LUNCH

HUMAN USE OF FRINGING REEFS (20 min. each)
“Opportunities for, and'Constraints to Human Use of
Fringing Reefs: An Overview” — Mr. |. Dutton and Ms.
C. Baldwin, G.BRM.P.A

“Overview of Fishing ]Actlwty on Fringing Reefs:
Recreational and Commercial” — Mr. J. Tilbury, Qid.
Dept. of Primary Industry,

“Review of Tourist Developments on Continental
Islands in the GBR ‘Region” — Ms. S. Driml,
GBRMPA.

“Economic Benefits of Fringing Reefs” = Mr. Ross
Woods, Howath and Horwath Services Pty.

“Giant Clam Mariculture” — Dr. J. Lucas, J.CU.

AFTERNOON TEA

“Shell Collecting on the GBR: First Impressions”
Ms. B. Barnett

“Reef Walking” — Dr. Michael Liddle, Griffith
University

“A View of Fringing Reefs” — Mr. David Colfelt

TOURIST OPERATORS TALK ABOUT USE (1 hour)
Panel Discussion: Cardwell area, Lizard Is., Hinch:
inbrook is., Whitsunday Islands, Kurrimine, Magnetic
Island, Palm Island Group.

Note: Speakers from these areas wil discuss methods
they use to encouragevisitors to visit/learn about fringing;
reefs and any problems/dilemmas they may have:
regarding fringing reefs.

— Summary of°the Day/ Preview of Day 2 -
Chairman

7.00 p.m. = Informal BBQ Grill at Arcadia (cost not}
included in registration fee) .

Day 2: ISSUES AND MANAGEMENT OF
FRINGING REEFS

8.30 — Registration (for those not attending Day 1)
ISSUES (20 min. each)

9.00 a.m. — Start

“Effects of Run-off, Siltation, and Sewage”

— Dr. D. Kinsey

“Waste Water Discharge Problems” — Mr. K. Parnell,
University of Auckland

“Pollution and Sponges on GBR and Caribbean |
Nearshore Reefs” — Dr. . Wikinson, ALMS. ‘
Some Potential Problems Associated with Boat |
Harbours and Marine Structures on Coral Reefs —Dr.- }
M. R. Gourlay, University of Queensland i
Stingers and other Hazards on Fringing Reefs — Mr. !
David Exton, Australian Surf Lifesaving Association’

MORNING TEA

MANAGEMENT (20 min. each)

“Zoning Fringing Reefs inthe Great Barrier Reef
Marine Park” — Mr. R. A. Kenchington, GBRMPA.
“Key Issues for Day to Day Management of Frmglng
Reef Areas in the Central Section of the Great Barrier
‘Reef Marine Park” «= Dr. Z. Dinesen, QNPW.S.
“Management Issues from Assessment of State .
Proposals for Marine Parks” — Mr. P. A. Roe, |
Cameron McNamara ;
“Monitoring of Fringing Reefs” — Dr. W. Crak :
Discussion on Anchor damage/Mooring design — |
Mr. P, Hunnam, Q.N.P.W.S.

12.30 LUNCH

P.T.O.
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FRI NG NG REEF WORKSHOP: PROGRAMME y

|

ECOLOGY AND HUMAN USAGE: Day 1, October '2'3

8.30 - Registration

00 Chai rman of Workshop: Dr D. Kinsey, Executive O ficer,
Great Barrier Reef Marine Park Authority (GBRVPA)

Qpening Address: M G Kell eher, Chairnman,
Geat Barrier Reef Marine Park Authority

SETTING (20-min, each)
What are fringing reefs? Wiat are their characteristics?

9.10 - "The Structure and Devel opment of Fringir;% Reefs off the
Great Barrier Reef Province" -~ Prof. D pley and Mr B
Part ai n, Janes Cook University of North Queensland (JCU)
(presented by B. Partain):

'9.30 - "Zonation and Disturbance in ‘Coral Cpmmunities on
Fririging Reefs" - Dr. T. Done, Australian Institute of
Marine Science (Al M)

9.50 -- "Coral Populations Fringing Islands: Larval Connections"
- Dr. J. Stoddart, AIM

10.10 - MORNING TEA
10.30 - "Coral or Algal Reefs?" - Dr lan Price, JCU

DESCRIPTION OF FRINGANG REEF COWNTIES (15 mns each)

10.50 ~ 1. Lizard Island Reef, Pandora Reef - Dr T. Done
2. Fringing Rreefg of Magnetic Island -~ Dr J. Collins, JCU
3. "Towards the Devel opnent of a Spacio-Tenporal Atlas of
the Hgh |Island Fringing Reefs for the Southern
Section of the Geat Barrier Reef Marine Park" - M R
Van Wesik, J.C U
4, "A Reconnai ssance Account of the Rodney 'Island
Fringing Reefs 'and Associated Marine Communities,
Shelburne Bay" - Dr P. Saenger, Northern, Rivers C. A E.
(presented by Dr D. Gartside, Northern Rvers C.A.E.)

11.50 - " Cape Tribulation Fringing Reefs and Monitoring,
Program - W Craik, GBRWA o
"1s Silt Run-off Affecting Coral Communities on the
Cape Tribulation Fringing Reefs?"
X TT. AAlyli;]g and A Ayling, Sea Research (presented
y . Ayling).
"Recruitment an8 Mrtality of Juvenile_ corals on the
Fringing Reefs North and South of .cape Tribulation ,

over One Year" - D. Fi skk & V. Harriott. (presented by

D . F i S .
"Structure & Gowh of the Cape Tribulation Fringing

Reefs" -~ Prelimnary Conclusions" - B. Partain.

1.00 - LUNCH

N
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HUMAN USE OF FRI NG NG REEFS (20 min. eachy

2.15 ~ "Tourist Developnents of the GBR Region" = Ms S. Drini,
GBRVWA
2.35 - "Economc Benefits of Fringing Reefs" - M Ross Wods,

Horwath and Horwath Services Pty.

2.35 - "Overview of Fishing Activity on Fringing Reefs:
Recreational and Conmercial"- M J. Tilbury, Qd. Dept.
of Primary Industries

2.55 - "The  Fringing Reef Par adox: Cpportunities and
Constraints" - M |. Dutton and Ms C. Baldwin, GBRVPA

3.35 - AFTERNOON TEA

3.50 -« "Gant dam Mariculture" - Dr J. Lucas, JCU

4,10 - "Shell Collecting on the GR First |npressions" -
Ms B. Barnett, JCU

4,50 - "Reef Valking" - Dr Mchael viddle, Giffith University

(presented by Dr T. Hundloe)

4. 50 "Fringing Reefs: The Tourist's View - M David Colfelt

_TOURIST_OPERATORS. TALK ABOUT USE. (3 0_min.) _

5,00 « Discussion: Cardwell area, Lizard |s, Hinchinbrook |[s.,
Wi t sunday |slands, Kurrim ne, Magnetie 1Island., Palm
| sl and G oup

Note : Speakers from these areas discuss nethods they use to
encourage visitors to visit/learn about fringing reefs

and  any roblems/dilemmas they may have " regarding

fringing ~ reefs.
5.30 - Summary of the Day/ Preview of Day 2 - Chairnan
7.00 - Informal BBQ Gill at Arcadia

(O]
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ISSUES AND MANAGEMENT OF FRINGING REEFS: Day 2, Qctober24
30 =~ Registration (for those not attending Day 1)

| SSUES (20 m n. each)

9.00 -+ "Stingers Relative to t he Tourist |l ndustry"
M McMaster, Australian Surf Lifesaving Association

9.20 - "Effects of Run-off, Siltation, and Sewage"- Dr D. Kinsey

.40 - "Mintaining \ater Quality on Frlnglng Reefs, with
Emphasis on  Touri st Devel opnent - Dr K.  Parnell,
University of Auckland

10.00 - "Pollution and S,oon ges on GBR and Cari bbean, Nearshore
Reefs" - Dr ki nspn, AW

10.20- "Some Potential Problems Associated with Boat Harbours
and Marine Structures on Coral Reefs"- Dr M Courlay,
Uni versity of Queensl and.

10.40 - MORNING TEA

MANAGEMENT (20 m n. each)

10.55 - "Key Issues for Day-to-Day Management of Fringing Reef
Areas in the Central Section of the Geat Barrier Reef
Marine Park" « Dr Z Dinesen, QJeensIand Nat i onal Parks

and WIldlife Service.

11.15 - "Perm t Requi renent s for Offshore Devel opnents" -
M Sinon Wodl ey, GBRVPA

11.35 =~ "Managenent |ssues from Assessment of State Proposals for
Marine Parks". -M P. A, Roe, Caneron McNamara

11.55 -~ "Zoning Fringing Reefs in the Geat Barrier Reef Marine

Park" -~ M R Kenchington, GBRWPA
12115 - "Monitoring of Fringing Reefs" « Dr W Craik
12.30 p.m -~ LUNCH

EDUCATI ON/ | NTERPRETATI ON

1.45 - I\/anagerrent of Anchorages in the Geat Barrier Reef Marine'
Par k" Hunnam Q NPW5, Cairns

2.05.- "Providing a Better Reef Experience" -'Mr R Neale and
M C Tilley, GBRVWPA . L
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WRKING  GRAPS

2.25 = groups formed with cross-section of interest areas

represented in each group, with each group to answer the
same set of questions

1. What are the needs of tourist operators re fringing
reefs?

2. what are needs for research and management? '
3. Recommendations'of the workshop?

2.45 - AFTERNOON TEA

3.25

Presentations of working groups (5 min. each)

4.00 -« Summary of workshop, Preview of 'Excursion (Day 3) -
Chairman of Workshop, Dr D. Kinsey

4.15 -« Close
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CPEN NG ADDRESS
FRI NG NG REEF WORKSHOP -

Graeme Kelleher
Chairman

Great Barrier Reef Marine Park Authority

It is my pleasure to welcome you to this Workshop and briefly
to tell you why there is a Workshop on Fringing Reefs.

As you know the last Section of the Great Barrier Reef Marine
Park~ to be zoned is the Southern Section. The second last ‘was
the Central Section’adjacent to Townsville. When we were zoning
the Central Section it was apparent that quite a bit was known
about the fringing reefs there largely because of the existence
in the north of the research institution’'s, the Australian
Institute of Marine Science and James Cook University. But the
same cannot be said about some of the reefs around the, Whitsunday
area or the Cumberland Reefs further south. Very little is known
about those reefs and the consciousness of the Authority was
drawn to this situation when we began the process of preparing
zoning plans in those areas.

Furthermore some of the ‘major issues with which the Authority has
had to deal over the Kears have focussed on fringing reefs and
this continues’ to be the. case. All of you would have heard of

the controversy  surrounding the Shelburne Bay and Cape
Tribulation fringing reefs, but the fringing reefs surrounding
the  Whitsunday Islands have also been a focus for some

controversy for different users over the last zoning process.
What not evegyone might know is that in the old days at the end
of the Second World War this Island - Magnetic Island - was
surrounded by beautiful fringing reefs. Don Kinsey has
photographs of Nelly Bay taken after the Second World War where
the quality of the fringing reef was as good as you are likely to
find on the Great Barrier Reef today.’

What caused the change? The answer to that sort of question will
tell us all sorts of things about other fringing reefs on the
Great Barrier Reef, as well as other reefs - not just fringin
reefs. It'’s a - fact that all too often commercial an
recreational users . of fringing reefs can degrade the qualities
that brought people to use those fringing reefs in the first
place. Some people have said that the challenge is to use ‘the
environment  without using it up and that sort of thought can be
expressed in many ways.

The principal goal of the Authority is to ‘provide for the
protection, wise use, appreciation and‘enjoyment of the Great
.Barrier Reef in perpetuity. Fringing reefs are an important
part of this Region and a very important part of.the total reef
system, because generally speaking they are more accessible than
‘other reefs and therefore.are subject to greater use. We believe
that activities that depend on the reef or parts of it require
that the use of renewable resources should be held at'levels that
can be sustained forever. All of our management’ activities' are
directed towards that end, although it would be a mistake to
pretend that we know what level of activities of any kind can, be
sustained forever. We are in the learning situation: and this
work’shop is part of that process.’
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Tourism perhaps nore than any other activity could be regarded as 8
the activity that is nost conpatible with conservation. ‘People - '
come to reefal areas for tourism purposes in order to see the
natural qualities of the area. Therefore tourism perhaps nore
than any other activity should be working hand in glove wth
managenent and- the scientists to make sure that this precious
resource is not degraded with tine.

[V

\Wat do we hope the peoPIe who attend this workshop will get from
it? Well we certainly hope and expect that at the end of the
wor kshop you have new ideas and new information to take back and
to apply in what you do. W hope that people who use the reef

for tourismpurposes will |earn nore about the characteristics o'f
fringing reefs that make them especially interesting and exciting
places to visiitt and to conseryve. W know that if you are

Cﬁnvinced of that then you are likely to take action to conserve
them

There are fewer representatives of the tourismindustry here than
we hoped and | guess that this illustrates the difficulties the
Authority has net fromthe very start. There was a conference in
Townsville last week run by the Townsville Devel opnent Bureau
cal led "Tourismtaking up the Challenge" and a strange phenonenon
that the Authority has noticed since it has been created is the
fact that generally speaking the tourism industry does not
recogni se, by either putting in submssions in relation to zoning
or by other actions, the dependence of that industry on the
natural qualities of the Geat Barrier Reef. If they do
recognise this, they don't denonstrate it by their actions. This
workshop--was set up specifically to help the tourismindustry
devel op prograns that will in the long run neet their interests.
We hope that in this workshop some of the issues that are related @
to tourism developnment are thought about and alternatives are )
considered to what mght be seen to be damaging options. W rely

on tourist operations to help spread the word about the Mrine

Park concept, that is - wise use in perpetuity. There will be

of fered uring this wor kshop some positive solutions or

suggestions in the form of educational nanuals, snorkelling trai

ideas and in design options that could be supported by the
tourismindustry.

W hope that the scientists that are here at this workshop get
I deas about how to structure their science so that the results of
the science will be usable by managers and by the tourism
industry itself.

We hope that this workshop will tell us, the managers, what are
the views of other interest groups, scientists, and the tourism
i ndustry; what are the trends; what are the local priorities; and
what are the attitudes to zoning. In other words we hope that

there is going to be a major exchange of information in this
wor kshop.

It has been said that there are three great lies that have been
sprea? L the human race since the creation of nmen and wonen.
|

The first is that shall still love you as nuch in the norning. E
The second is that nmy cheque is in the mail. And the third great

lie that's been perpetrated through the ages is that 1'm from the
Governnent and | amhere to help you. Now there are exceptions L

to every rule and we hope that this workshop shows that there
are government agencies that are trying to help people to
rotect, use wisely, appreciate, and enjoy the Geat Barrier Reef
orever. Wl cone to the Wrkshop
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THE STRICTURE AND DEVELCPMENT OF FRINANG  REEFS

CFF THE GREAT BARRER REEF PRONCE

DAVI D HOPLEY

Head

Sir CGeorge Fisher Centre for
Tropical Mrine Studies

JAMES CQOK UNVERSITY

|
W

BRUCE PARTAIN

U.S. Rotary Exchange Postgraduate

'St udent

Depart nent of Geography
JAMES COCK UNI VERSI TY

I ntroduction

Wthin the Geat Barrier Reef Marine Park area there are sone 618 hi gh

continental islands and a nmi nl and coastline of several

Fringing reefs are common on nmany of the islands and are found on the

mai nl and, .particularly to the north of Cairns. Sone 545 fully devel oped

fringing reefs have been identified with a further 213 incipient fringing,

reefs within the Park area. However ,

the.fringing reefs extend further

south than the southern [imts of the Marine Park and are found on the

Queensl and coast within Moreton Bay and extending south to the Solitary"

Islands off the New South Wales coast.

Further offshore the southernnost

reefs in the world are found as fringes around Lord Howe ‘Island at

south.  Wthin the Park the fringing reefs have a total area of about

350 'kmz; smal| conpared to the total
2

whi ch are approxi mately 20, 000 km™.

In spite of the relatively snmall area,

inportant for a nunber of reasons.

reefal area of the oute'r reefs

1) All but three of the Great Barrier Reef

the fri nging reefs are however

resorts are |ocated on

hi gh continental islands and fringing reefs are therefore the nost

i

easily accessible and the nost commonly seen by the najority of

visitors to the Q eat Barrier

Reef .

t housand kil onetres.

31951
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2) The fringing reefs are closest to the mainland and therefore are

nost susceptible to ant hropogenic influences resulting from!land

use changes and industrial devel opment.

3) Al though fringing reefs are linited to the inner shelf zone now,

they were probably the nost comon reef formthroughout the period

of devel opment of the Great Barrier Reef of the Quaternary period

during the last 2,000,000 years. During this time | oW sea |evel

phase domnated and at best, reef developnment occurred as fringes

around ol der reef |inmestone foundations formed during the short inter-

glacial periods of high sea level. A the lowest sea |evel stage,

as for exanple 18,000 years ago, fringing reefs on t_he_' steep &

shoul der of the Continential Shelf were the only reef formoccurring Ly
in Queensland. Fringing reefs therefore have an inportant

historical part in the total devel opnent of the Geat Barrier Reef.

(Hopley, 1982, Ch. 6, 12)

A Structural dassification of Fringing Reefs

Over the last 13 years since the 1973 Royal Society Expedition an
enornous anount of data has becone avail able on the structure of reefs
of the Great Barrier Reef through shallowdrilling progranmes,
particularly those carried out by the Bureau of M neral Resources

(Dr. P.J. Davies), and Janes Cook University (A/Professor D. Hopley).
Fringing reefs nake up a small proportion oOf the data set (table 1). »

However, structural information, from radio-carbon dated cores is available
Y
for eight separate fringing reefs: Hayman Island (Hopley et al., 1978);

Pi oneer Bay, O pheus Island (Hopley et al., 1983); Iris Point, O pheus




. Island (Hopley ‘& Barnes, 1985); Fantome Fsla‘nd‘ (Johhséﬁ and R sk,, in 1

press); Rattlesnake Island (Hopley et al.., 1983)"; and three reefs of the'
SN , {, i

Cape Tribulation area (Partain, this conference).. In addition further

information is available for several of the resort islands where jet

probes or drilling has been carried out for jetty construction, etc.'

The sea | evel | scenario in whi éh reef growth has faken p‘Ij'ac:eh haé been oné ,

of a rapid rise (circa. 7 mmper year) up to approxinmately 6,500 years

ago when nodern sea level was first achieved. Subsequently because of '
the inner shelf situation of the fringing reefs'a location in which some |
hydroi sostatic uplift.can potentially take place, t h e r e haé'been a
relatively higher sea level of up to +1.5 minvolved in the devel op;r'nent

of the fringing reefs. This higher level was reached approximately

5,200 years ago and sea |level has slowy subsided in a relative sense to

its present position. Because of the relatively shallow nature of the,

i nner shelf within which nost of the fringing reefs are situated, drowning
of even the | owest portions of the sea floor around the high islands

(circa. -20 m) took place only sone 8,000 years ago. For mai nl and

"fringing reefs where the water depths are even |ess slubnergence

probably took place little more than 7,000 years ago.  However, as, not,ed, .
previously by Davies'et _al. (1985) there may have been'a significant W
delay in the recolonisation of the reef foundations of the outer, ‘:reefs

during the Hol ocene transgressi on which has meant that foundation dates

for, the Holocene reef even for the outer reefs, are little nore than .
8,000 years B.P. | TH.us the fringing reefs of some of t he o,utég ‘ |
continental islands may have been initiated at approximately the same

time as their outer reef counterparts.
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*# The following is a suggested classification (fig. 1):

1) Simple reefs formed fromthe foundation on the | owest portion of

t he rocky foreshore during the Transgression These reefs were

devel oped while the sea level was still rising. Mst of their
devel opnment has gone into upward growh over the rocky slopes of
the island, following the Transgression. After the still-stand
peri od and when the reef had reached sea | evel a snall anount of
outward growt h may have been possible over the reef's own forereef
talus slope. On the whole such reefs are growing fromrelatively
deep water and reef flat developnent is therefore limted due to

the great vertical extent of these reefs. Their structure is thus )

one of a basal framework unit imrediatley over rock and then a snall R
biogenic detrital frontal wunit with thin reef flat veneer

Exanpl es include the narrow fringing reefs on the wi ndward si de of

the Palm and Witsunday Islands, and probably the nore narrow

reefs on steep rocky shores of the Cape Tribulation area.

* 2) Reefs devel oped over nore gently sloping substrate, particularly

where ol der foundations of Pleistocene reefs nay be present In

these instances the reef foundation is initiated offshore fromthe
present coastline, although would probably have started as a fringing
reef as sea level would have been lower at the time. The rising sea
level however, isolated this initial reef which continued to grow
upwards during the transgressive phase as an offshore barrier. ki

Possi bly because of poor circulation and terrigenous input growth 3

behind this barrier was very slow After the still-stand and after
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the reef had réached sea level, the outer reef becane attachéd to
"the island by lagoonal infilling, this infill com ng from both

the land as a terrigenous unit and fromthe outer reef as a biogenic
carbonate wunit. Follow ng the still-stand, sone snall outward
growth may also have taken place. The structure is therefore one of
a. framework wunit offshore from the present shoreline and an
interdigitated terrigenous and biogenic detrital fill behind the
framewor k. A thin, reef flat framework veneer may be present over
the entire reef and a small, reef front biogenic talus may al so 'be
present. - The best exanple of this type of reef is provided by

Hayman |sland, developed over. an older Pleistocene reef. (fig. 2)

* 3) Reef s devel oped over pre-existing positive sedinmentary structures

Reefs have | ong been regarded as requiring hard substrate for
initiation. However, there is increasing evidence fromNorth
Queensland reefs that the presence of even a nuddy sedinentary'
structure with positive relief may greatly enhance or speed up reef
flat developnent. Such sedinmentary structures nay be in the form of
terrigenous rmud/ sand banks or barriers, lee side sand spits attached
to islands, boul der beaches, deltaic bar gravels, and | ow angle
Pleistocene alluvial fans. During the transgressive phase, even
though' a bank nmay have existed previously no reef developrment is
pogsi bl e because of the inhospitable nature of the substrate.
However, once the rocky shores of the adjacent island or' nainland
are inundated reef colonisation takes place rapidly on these shores

at shallow depth. Progradation 'of the reef is then rapid over the

pre-existing structure with hard substrate now bei ng provi ded over
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the sedinentary base by the forereef talus fromthe progradi ng
reef front. The structure of such reefs is thus one of a basal

terrigenous sedimentary unit, an' inner framework with a prograding
carbonate detrital unit extending over the terrigenous base, and
an upper, thin, generally less than 4 m reef flat franework
veneer. Exanpl es show t he range of the existing sedinentary

structures, and i ncl ude:

a) Pioneer Bay (fig. 3) and Fantome Island where terrigenous sand/

mud wedges provide the sedinentary foundation and were

probably brought inshore by wave action during the Transgression.

b) Rattlesnake Island (and probably numerous other small islands
with large, lee side fringing reefs) where the foundation is
provided by lee side sand spits simlar to the nore recent

spits developed over the top of the reefs thenselves (fig. 4).

c) Geat Palm (fig. 5) and Mgnetic Island (fig. 6) reefs where
the carbonate reef appears to be extremely thin, and devel oped

over low angle Pleistocene alluvial fans.

d) Iris Point, Qpheus Island where the rocky shore of the island
is bordered by a well sorted Pleistocene boulder beach which
ext ends beneath the Holocene reef flat and appears to have

provided the foundation of the reef flat (fig. 7).

&)

W
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g ‘ - - e) 'The cuspate reefs of ‘'the Cape Tribulation area where the
foundations are provided by deltaic fan gravels. Mdern
streans often debouching over reef flats show simlar deltaic
gravel fans. Changing' location of a creek mouth with
mgration has led to a very wi despread gravel fan formation

| x _ ‘ along this coast, and hence the continuity of fringing reef
devel oprrent . Appar ent spur and groove systens on these
reefs may reflect the gravel bar structures'rather than the
normal high energy control which produces w ndward spur and
groove formations (see Partain, this conference).

®

’ Conparative Gowh Rates of Fringing Reefs

In a review of Hol ocene reef growth in the Geat Barrier Reef province,
Davi es and Hopl ey (1983) indicated that fringing reefs grew at rates
conpar abl e t'o mddle and outer shelf reefs, though usually at the' |ower
end of the growth scale, i.e. for framework construction in the range of:
[-4 nm per year. This may be in part a reflection of the greater
proportion of massive as opposed to branching, framework. As with outer
reefs the fringing reefs showed a binodal detrital accretion rate, a
lower range of |-5 mm per year representing accunulation under, nornal
weather  conditions, but with higher rates up to 15 mm per year indicative
of infrequent high energy cyclonic events. Data fromall the drilling
results of both the BVR and JCU programes has al SO been plotted as

@" grow h rate against depth of water at the tine of growth (fig. 8). Dat a

¥ used here includes results subsequent to the earlier 1983 paper. Fringi ng

reefs show genera'lly, very low growth rates in shallow water, particularly |
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when conpared to the md-shelf reefs which have both a protected

situation and clear water. The lower rate for fringing reefs is

probably a reflection of the turbid water conditions and periodic

decline in salinities. However, at depths between 4 and 7 m fringing

reef growth seens to be at least equal to the rate of growh of both .
md-and outer-shelf reefs. Below this depth there appears to be a

rapid decline in accretion rate. This is interpreted as the result

of the high turbidity of inshore waters and rapid decline in light levels at
these depths. Equivalent decline in growth rates for outer reefs takes

place below approximately 15 m

)]

Surface Features of the Fringing Reefs

Fringing reefs, particularly the larger |ee side reefs show a remarkably
diverse range of norphological features. Wndward fringing reefs have a
zonation which is simlar to that of md-shelf reefs with a well defined
energy gradient evident across the reef. Features such as algal pavenent,
shingle ranparts, and wide turf algal zones typify many reefs in these
situations. The largest fringing reefs are frequently found on the |ee
side of smaller islands with mninmal run-off (see Hopley, 1971). These
have a remarkably simlar range of features to the | ow wooded i sl ands

which are found on the inner shelf to the north of Cairns (see Phil osophi cal
Transactions, Royal Society London, 1978; Report of 1973 Royal Society

Expedition for detail). Thig similaritv i S not surprising. Fringing reefs

. I . . o ¥
and | ow wooded i sl ands have a simlar inshore |ocation, rising from ¢

simlar water depths with simlar exposure to sedinment |aden fresh water ¥

pl unes. They al so have a very simlar sea |level history because of their
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i nner shel f | ocation ﬁjth a énall anmount of hydfoisostatic enprgenceLbf
approximately I-1.5 m approxinmately 5,000 years ago. The cays of the
| ow wooded i slands are reciprocated by the sandy spits extendi ng across
the lee sides of fringing reefs, both have a series of terraces with
graded soil profile devel opment across themwith simlar age sequences,
back to approximately 6,000 vyears. The platformrocks of the low
wooded i sl and have their equivalent in the beach rock terraces, both
.éxténding over energed mcro-atoll fields. Basset edges formed by'the
cenentation of shingle ranparts are also found in both environnents.
Nhndroves with associated peats up to 1 min thickness can al so be found
on both low wooded islands and lee side fringing reefs. Shingle ranparts
are comon and the npated pools which they enclose contain | arge mcro-atol
pool s. Variations in the ranpart systens due to cyclonic interference
has been reported fromboth | ow wooded islands (e.g. Morhouse, 1936) and

high island fringing reefs (e.g. Hopley & Isdale, 1977).

Questions and Problens relating to

Geat Barrier Reef Fringing Reefs

This Wirkshop is deservedly giving fringing reefs the prom nence which
they have fornerly lacked. A review of the geonorphol ogi cal research
already carried out on these reefs suggest that there are a nunber of
prom nent' questions which need to be addressed in the near future.. These

i ncl ude: "
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(a) Wth the exception of the foundations of Hayman |sland reef and
al so Cockermouth Island reef formed fromdune cal carenite there are
no reports of Pleistocene last inter-glacial reefs fromeither the
mainland or high islands. Pleistocene foundations of the nodern
reefs are alnost without exception non-carbonate. This is in spite
of the fact that the last inter-glacial high still-stand a few
netres above present sea level is well docunented for mainland
| ocati ons. The question arises as to whether or not it was possible
for near shore reefs to' develop during the last inter-glacial and
if not, why not? Aternatively it is possible that severe erosion
has taken place which has renoved all visible vestiges of these
earlier reefs. This is not the case however, elsewhere in the world,
and it is nmost probable that there was a very poor devel opment of
such reefs 125,000 years ago. This question requires further

resear ch.

(b) Fringing reefs clearly can be highly productive in ternms of |aying
down a carbonate framework, even in areas apparently non-conducive
to reef growth. Wy should this be so? |Is it possible that there
are specialised communities which will survive in the nore fluctuating
environment of the near shore zone as conpared to the outer reef?

Further ecological work on near shore conmmunities is obviously

required.

(c) For the mid- and outer-shelf reefs the major geographic variation

in growh rate and framework construction appears to be [ongitudinal
%

across the shelf rather than [latitudinal. However near shore waters

&

EX

?




-27%_

Hé;/e much greater latitudinal environmental variations than do the "
mid- and outer-shelf waters, and to date. information on fringing
reefs is linted to the Central Section of the Geat Barr'ier Reef.
Further work is needed on both reefs at the southern end of the
Geat Barrier Reef Marine Park and extending as far north as Torres
Strait. This may indicate sone significant south to nor‘t‘h gradients

for these near shore reefs.

(d) The southern limits of si gnificant fringing reef devel opnent off
t he Queensl and coast provide a fascinating research ques.t'ioni. At
about the latitude of Mackay in the Qunberland group of islands,
there is a very sharp line of demarcation between w de, well
devel oped fringing reefs to the north and poorly devel oped (at best,
incipient) fringing reefs to 'the south. The reasons for this are
bei ng investigated and may include effects of the greater energy
related to high tidal,range, the effects of open ocean swells and
Tasman Sea waters entering into the Great Barrier Reef region-via -
The Capricorn Channel, or alternatively the effects of the flow from
the Fitzroy River, Australia' s second |argest river system An
understandi ng of the distribution of reefs in this area is seen as
particularly significant as the region has the greatest concentration
of tourist devel opment of any part of the Great Barrier Reef.

(e) Further work is requir'ed on the viability of near shore fringing
reefs. 'Because they are so close to the mainl and the;w' Il be the
first to feel the' effects of any pollution or man'-ma;le perturbation

and therefore, in many respects nay be seen as the initial nonitors

N
Nl
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for the whole of the Geat Barrier Reef province. Degradation of

some fringing reefs (e.g. in the Bowen area) has been documented
for over 50 years. However, many of the comments nade are based on
qualitative, subjective information and it would seem appropriate
at this time that a nore scientific approach be adopted towards the
nmonitoring and detailing of the imredi ate past history of the

fringing reefs.
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P - Table 1

T o ‘ DATA BANK FOR NORTH QUEENSLAND FRINGING REEFS
x S : L ‘ | ’ . ‘ . : o-amMn‘zoﬁonmzm Oldest n~» Date
T . ’ . 14 within 1 m of
. : ] - : C D - _
TN Reef No. Holes ~ Max, Depth No. OHk Dates B ate -Reef Flat Level
ST o : ‘ -  (m) - (incl. reef flat) - ‘ ‘
Iris Pt., Orpheus Is. 7 8 12 7320 & 125 6260 + 120
= Pioneer Bay, Orpheus Is. 3 17.25 10 6610 + 250 5970 + 100
St mm:noam,umpmla 3 10 17 5520 + 100" - 5520 + 100
Rattlesnake Island 1 10 - ‘ 5 - o 7010 + 180 5530 w 130
!.: S Hayman lsland 6 47 15 9320 + 730% 4090 + 150
- 8 S (8300 + 500) R
= " Cape Tribulation Reefs
=l . Rykers Reef 4 6.95 8 n.a. n-a-
\ ‘.W.n -.4 ‘m. ZV«NH.H Reef 3 @.w & —Jlml n.a.
B .. Emmagen Reef 2 5.8 3 .a. n.a.
LT n
= * Questionable Date
- ) ) @ = .Nu.v & - ~ = L)
- = - S e
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ZONATION AND DISTURBANCE IN' CORAL COMMUNITIES ON FRINGING REEFS
Terence J. Done
Australian Institute of Marine Science
PMB No.3, Townsville MC. Queensland, 4010, Australia.

This meeting asks the question "vhat’s different or special
about fringing reefs ?" | hope to show you two things:

First, that being adjacent to an island or the mainland
rovides environments which result in the development of some
Biological communities which are distinctive yet superficially
similar to those found on open water reefs. Here, | refer to the

zonation patterns of hard and soft corals and algae as compared

with those on open water reefs.

Second, | suggest that because natural frequencies of
catastrophic physical and biological disturbance in sheltered
sections of the shore are very low, coral structures with unusually
long return times can develop. | refer in particular to the large
size and old age reached by individual corals.

Zonation Patterns: There are hundreds of species of corals,
soft corals algae and many other organisms which attach to and
form part of the coral reef structure. These are divisible into
‘communities’ which are defined by different forms of plants and

animals—wvhich—live toge t her in the samé Zone of thereef. Zonation

schemes are used to summarize the distribution of communities on
.reefs but I know of no scheme for fringing reefs on the Great
Barrier Reef.

A zonation scheme for open water reefs off Townsville is
presented in Table 1. This scheme relates the distribution of
communities to the degree of exposure to waves. Wave exposure
varies with depth and aspect on any single reef, as well as across
the continental shelf. It is a very low resolution scheme which
serves to illustrate only very broad similarities ; each community
type contains a great deal of variability at the level of genus and
species and there is considerable overlap in the composition of the
communities (Done 1982).( The organisms listed in parenthesis in
Table 1 are present in communities dominated by corals and in some
places, they are more abundant than corals, sometimes as a result
of recent disturbance - see below ).

These communities track wave exposure on reefs as shown in
Fig.1. Note both the absence of communities 1 and 2 from nearshore
reefs (reflecting their lack of oceanic swells) and the upward
shift in the depth range of communities in backreefs (reflecting
the shelter provided by the reef platform). These general trends
have been described on coral reefs throughout the world ( e.g.
Barnes et al. 1972; Rosen 1975, Geister 1977, Done 1983 - review).
Observations by the author on fringing reefs at Murray Islands
(outer shelf),  Lizard Is (mid-outer shelf), Palm  Islands,
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Whitsunday Islands( (nearshore ), Starke River, Cape Tribulation
(mainland) suggest that, the same general trends apply to fringing.
reefs as open water reefs.

The composition of the biological communities vary down reef
slopes, across reef flats’and along the coast, tracking wave energy
environments broadly: in accordance with Table 1. For a given
fringing reef system, the absolute wave energy levels and the
extent of the exposure gradient (hence the local zonation ‘patterns)
depend ‘on the location of the reef on the continental shelf, the
depth of the sea floor, and the complexity of the coast line.
Islands with the greatest gradients in exposure plus the most
complex coastlines and hence the greatest variety of habitats., have
the greatest variety of community types. Conversely, open mainland
coast or small and simple islands without sheltered embayments and
a limited exposure gradient have a greatly reduced diversity of

community types.

Return times for disturbed coral communities:

N

While low resolution zonation schemes such as Table, 1 and
Fig.1 describe gross trends in the distribution of communities, it
is also important to consider potential and actual changes  in
biological communities, as they respond to local ecological factors
and to externally imposed disturbances which occur from ‘time to
time .Disturbance by storms, increased siltation, pollution or mass
predation of corals may cause widespread and sudden shifts from
coral dominance to algal dominance ( severe disturbance) or to a
lesser dominance by corals ( intermediate disturbance).

The coral communities of sheltered bays and .coasts are of
considerable interest because such locations are favoured by man as
well as by corals. While corals can attain great size, very old
age (to several centuries) and/or very hi?h densities in many reef
habitats, sheltered bays are frequently characterised by coral
populations with all three of these characteristics simultaneously
( Potts et al. 1985) . The development of such populations is an ,
indication of the ability of individual corals to persist in
conditions which, until recently, were presumed to be stressful for
corals, namely, high sediment loads, poor illumination, high
variability in salinity.

There are management implications in this observation’ ‘which
are as yet unresolved. Should it be assumed that the coral species
involved are tolerant to conditions which are deleterious to other
corals, and by implication, capable of tolerating increased
stresses imposed on the reefs by human usage or adjacent land
practices?  Or should we conclude that the conditions have not been
stressful, that the present dense populations of large colonies
have developed simply by the present colonies occupying space and
pre-empting its occupation by other colonies or by more
.opportunistic species ? A rider to the second interpretation is
that physical and biological disturbance of a type that kills
corals episodically and opens up space for new settlement must have
been rare. This carries the implication that additional stresses
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and disturbances associated with human usage and adjacent land use

practices might not readily be absorbed, and that widespread coral
mortality may result.

The time for restoration of the previous adult-dominated coral
populations is often measured in decades to centuries, depending on
the extent of mortality, the coral species involved, and the
population structure prior to the disturbance. Coral communities
of fast-growing species such as Montipora and Acropora can displace
dominance by the seasonal brown algae Sargassum ‘1n the space of a
decade ( Done and Navin, in rep? whereas slow-growing corals such
as Porites , where they are locally dominated by colonies which are
centuries old, may have much longer replacement times, depending on
the severity of the disturbance Done in prep.). The issues for
conservation and mahagement of these very old communities are
comparable to those relating to rainforest trees as in both cases,
the old individuals contribute significantly to the physical
structure of the habitat, and individual replacement times far
exceed human life spans.
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Table 1

Comparison of Fringing Reef and Open Water Reef Communities (Corals and Algae)

Broad Community Types of Open Water Reefs

®»

Fringing Reefs

1. coralline algae dominant ( + algal turfs )

2. robust Acropora dominant (+ algal turfs and various
macro algae)

3. mixed corals, high diversity, often dominated by
more lightly structured forms, especially
Acropora . massive corals
alcyonarians (soft corals)

4. mixed corals, high diversity, low acropora, often
" high Porites ( + soft corals)

- -5. coral isolates and solitary corals on uncolidated
sediment (usually sand)

resent ( + various macro algae,

Exposed

\

Sheltered . .

3.

1. not seen on gbr fringing reefs -
except with corals

2. mid-shelf fringing reefs, surf

Z0ones

a)mid-shelf fringing reefs,slopes
b)nearshore fringing reefs
frequently:- -
i) cohabitation with Sargassum
i) replacement by Sargassum

4. a)mid-shelf fringing reef-leeward
b ays
"b)nearshore fringing reefs
i) high densities,, -large sizes
i) mud adapted ‘morphology and
life histories

5. a)mid-shelf - lagoon floors, sand
-terraces
b)nearshore fringing reef s -
muddy sea floor
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Figure 1.

Figure 1.
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Coral Sea

Community types

1 Coralline algae
/4 2 Robust Acropora

3 Mixed lightly structured corals, especially Acropora
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CORAL  POPULATIONS FRI NG NG | SLANDS: LARVAL CONNECTI ONS'

o . -a.a_Stoddart o
Australian Institute of Mrine Sciences.
Townsville. Qd. S

ABSTRACT
Connectivity in natural systems is a central issue in predictin

not only how 'far a perturbation at one point will spread throug
a system but also the role the rest of'the systemwll play in

that point’s recovery. Popul ation genetics studies are well
placed to -estimate. the | evel and pattern of connectedness for 'a
system s conponent  species. Thi s paper conpares estinates of;'

' connect edness between popul ati ons of ré¢ritdpora ra damicornis on
fringing reefs around an island, Rottnesit Island off™ southwestern
Australia, wth estimates for populations on patch reefs within
an enbaynent of simlar' size, Kaneohe Bay on the northeastern
coast of Cahu, Hawaii.

Pocillopora damcornis utilises tw npdes of larval dispersal;
one operates  over short distances and involves a,, brooded,

asexual | y- produced, pl anul a; , the second acts over |onger
di stances and involves a sexual propagule. Wien exam ned
genetically, larval .connections between definable populations

were weaker between fringing reefs around an island than they
were between patch reefs in an enbaynent of simlar dinensions.
Differing hydrodynamc regines are inferred to explain this
pattern.

Estimates of genetic simlarity between populations at each area
were calculated on a basis designed to reflect either the spread
of clones by asexual reproduction, ~ the dispersal of sexually
produced propagules, or a conbination of both. The ngj or
di fference between, the pattern of genetic structure of the'
popul ati ons around Rottnest Island and the pattern of those
within Kaneohe Bay resulted from the extended distribution of
clones wthin the latter set. The most likely explanation for
the paucity of shared clones anmong the Rottnest Island reefs is
that once l|arvae are swept offshore from these snall enbaynments
they are almost never returned to the, island. However, in
Kaneohe Bay the water has a substantial period of residence
allowing a greater proportion-of the recently produced planul ae
to settle. This settlement nost probably occurs on a reef
adjacent to the site of planulae production. Recruitnent from
sexual reproduction plays a mnor role at Rottnest Island but has
virtually no influence in Kaneohe Bay.

Thi s conparison suggests strongly thate 1n Psei't'iopora dani coroLs....,
and presumably those species of coral™ with similar modes of
reproduction, patch reefs wthin large enmbaynments are strongly.
connected in a. stepping-stone fashion as a result o'f obtaining
the bulk of their recruits, from asexually produced planul ae
orginating from neighbouring reefs. Populations in isolated .
enbaynent s fringing islands receive the majority of t heir
recruitment from larvae with significant dispersal capability,
presumably resulting from sexual reproduction, which originate
from sites outside the system They 'are connected weakly in a
pattern following an ‘island nodel.
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The implications of this result are:

1)

2)

3)

Taken

pat ch reefs like those of Kaneohe Bay will recover from
major perturbations faster than those located in
embayments fringing islands,

perturbations at a single reef within a large embayment
may produce noticeable effects on adjacent reefs, while
similar disruption in an isolated fringing reef should
have no ’'distant’ effects,

the greater genetic isolation of fringing reefs in
situations like those around Rottnest Island is likely to
produce unique populations, while one patch reef will be
much like another.

together, results 1 and 3 point to the special

consideration which must be given to the conservation of fringing

reefs

if we wish to retain the rich variety of reefs which occur

in such areas.
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ORAL R ALGAL REEFS?
lan R. Price .

Botany’ Department oy
James Cook University, Townsville; Qld 4811

ABSTRACT

Photosynthetic plants occupy a central position in all living
communities, and reefs "are no exception. In terrestrial
communities plants are wusually the Ilargest and most obvious
organisms, and ‘their importance cannot be ignored. In reef
communities on ‘the other hand,'certain animals, such as corals,
are larger and more conspicuous than most of the plants, whose
vital importance may therefore be underestimated. Al thopgh many
of the species present are small, ard.even microscopic, plants
dominate reefs in terms of overall surface cover and biomass, and
are responsible ‘for the high productivity of reef communities;

The major group of photosynthetic plants in reefs is the algae,
al though seagrasses and ~mangroves may also be present. A wide

variety of algal species occur as normal inhabitants of. reefs;
from a_ structural and functional point of view they can be

categorized in the following way:

1. Phytoplankton - free floating, and mostly unicellular and
microscopic plants (eg., Trichodesmium, ’sea sawdust’),.. T h e
contribution of phytoplaankton 1n reef communities Is
generally considered to be insignificant.

)

2. Benthic (attached) algae - ranging from microscopic,
unicellular plants to seaweeds several metres long. These
benthic algae are the most abundant and important plants in
reefs, and include:

A  Seaweeds (the more familiar and mostly macroscopic algae)

(i) Fleshy (non-calcareous) seaweeds; including large and,
erect+’ types (such as Sargassum spp.) and the minute;
creeping turf algae.

(ii) Calcareous seaweeds, including the larger:, mostly
erect and jointed forms (such as Halimeda, spp.) and
the encrusting coralline algae.

B. Perforating algae - microscopic species which" actively
bore into calcareous reef materials, such as reef rock,
calcareous algae, and the skeletons of hermatypic corals. ,
They produce vast numbers of minute channels w hich
greatly weaken the surface of shallow-water substrates.

C. Symbiotic algae, comprising a range of aigal species
‘living in association with a variety of reef animals.
The  best known are the zooxanthellae, which are
intimately associated with all’ reef building.corals, a n d
rePresent about one-third of the living tissue in a coral
colony. '
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The larger seaweeds are the most conspicuous algae on reefs, and
are particularly abundant on fringing reefs. Many of the other
macroalgae = are overlooked by the reef visitor, and even by some
reef scientists!

The various types of algae perform several vital functions in
reef growth and maintenance, such as:

primary production, the basic energy. input into the
system via photosynthesis (all algae, particularly
turf algae); . _

cementing (especially crustose coralline algae);

sediment formation (especially species of Halimeda);

bioerosion (the perforating algae); and, ]

nitrogen fixation (‘some turf and perforating algae, and
Trichodesmium).

Research Into the activities of algae, in terms of the rates of
these processes in reefs, has only been undertaken in the past
few decades, and onI% a sketchy picture is so far available. It
has, however, been shown that algal-dominated communities on
reefs can achieve higher rates of primary production than coral-
dominated communities, and equal, rates of calcification. In
relation to the reef foundation, Maxwell has published the
following approximate average composition of reef rock and
surface sediments in the Great Barrier Reef:

corals 28%
coralline algae 30%
Halimeda spp. 30%
foraminiferans— . -- -- - 10% -
other organisms 2%

Because of the dominance of algae in both the living community

and the reef foundation, the term ‘algal reef’ would be more

appropriate than ‘coral reef’. However, both terms lay undue

emphasis on only one particular group of organisms in an

extremely diverse and complex community. In view of the presence

and importance of a wide variw of plants and animals in reefs,
0

it has been suggested by Womersley and_Bailey that the most
suitable term would be ‘biotic reef {or living reef).

With regard to fringing reefs in the Great Barrier Reef Region,
an important biological characteristic is the generally high
cover  and biomass of large. (particularly brown) seaweeds,
especially on the reef flat, where coral cover may be  very low.
Dramatic changes . in the composition and biomass of the seaweed
ve?eta_tlon take place through the year. Many of the species are
effectively annual, with rapid growth rates and relatively short
life spans. Some of the production is consumed by grazers, while
much of it breaks away following reproduction; dense bands of
drift algae may form on the beaches behind fringing reefs at this
time. Considerable inter-annual variation in the peak biomass of
some of the seasonally abundant species has been observed.

In terms of algal species composition, fringing reefs are broadly
intermediate  between shelf reefs and mainland rocky shores.
Large brown algae, for example, are abundant on rocky shores in
the region, but are almost absent from most shelf reefs.
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Probably the best studied fringing reef in Australia, from the
biological aspect at least, is Geoffrey Bay on ‘Magnetic Island.
The distribution and abundance of the algal and coral species has
+ been well documented by James Cook University students and staff,
and the strong seasonal changes in the algal vegetation recorded.

In addition to these descriptive'studies, seasonal changes in the
biomass and productivity of 'the algae, and the rate'of production
of algal detritus, have more recently been monitored,, (Morrissey
and Pichon, pers, comm.). The fate of this organic detritus is
yet to be determined,,but most of it Probably remains within the
reef system itself. Some of the algal production appears to be
exported from the fringing reef, as ‘large plants of Sargassum
have been recorded drifting among mid-shelf reefs from which the
genus is absent.

It seems probable that the seasonal development of dense beds of
large algae strongly influences populations of other reef
organisms, both plant and animal. Those organisms closely
associated with the individual algal thalli might be most
affected, but the algae may also compete with corals for
resources such as space, light, and nutrients. This is an a r e a
where further research is needed. There is also little
infbormation on the level of grazing on the algal vegetation, and
the grazers involved. The ultimate fate,and significance of
algal detritus in the reef system also remains unclear.

The patchiness, strong seasonal changes, and inter-annual
variations in the seaweed vegetation are Iimportant considerations

in any monitoring programs on fringing reefs. In addition, algae

can respond dramatically to environmental changes, .and there ma

well be species which "would serve as useful indicators of marke
shifts in the reef environment due, for example, to coastal
development.

In addition to its scientific importance, the diverse flora of
reefs holds considerable interest for the environmentally aware
reef visitor, because of the variety of colour, size, and form,
as well as the range of ecological function. Australian
publications which cater for this general interest are now
readily available.
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FRINGING REEFS OF MAGNETIC ISLAND
John Collins

SCHOOL oF BIOLOGd CAL  SCIENCES
JAMES COOK UNIVERSITY OF NORTH QUEENSLAND

The fringing reefs of Magnetic Island are all sited on the south-
west sides of headlands (Figure 1). The extensive growth of reef
platforms in Geoffrey an Nelly Bays has allowed the southern
ends of these reefs to become exposed to the north-easterly
swells and wave action. The large Cockle Bay reef has grown in
protection from wave action. Thus the fringing reefs of Magnetic
Island are exposed to conditions that range from very protected
to moderately exposed. This range of conditions no doubt
contributes to the high species diversity (over 100 species, see
appendix) found around the Island.

The approximate sizes of the reefs can be found in Table 1.
These sizes refer only to the reef areas where living coral may
be encountered, and does not include sand flats that form behind
the larger reefs (Cockle, Geoffrey, Nelly and Picnic Bay reefs).
It is difficult to define the area where live coral exists on
Cockle Bay reef, and the size is only a rough estimate.

_ Table 1. _
Size of corals reefs around Mgnetic Island (in hectares)

Florence Bay 5.1 Gowrie Bay 1 . 9
Arthur Bay 5.3 Alma Bay 1.0
Geoffrey Bay 31 Nelly Bay 43

Picnic Bay 10 Maud Bay 5.2
Wilson Bay 1.4 Horseshoe Bay(l.8) est.

Cockle Bay (isolated reef)’ 47 )
Cockle Bay (main Reef) 218, (estimate)

Isolated coral colonies and small coral communities can often be
encountered alon many of the rocky shores. These may only be
considered as reefs if an adequate accumulation of reef "material
Is present. The reefs in Wilson and Alma Bays are probably very
closfe to the lower size limits to be considered as fringing
reefs.

Because of their proximity to Townsville and  James Cook
University, the fringing reefs of Magnetic Island have been well
studied by geomorphologists and biologists (e.g. Bull 1982,
Morrissey  1980). The majority of studies have, and continue to
be, centred in Geoffrey Bay. "~ The high diversity of corals
(nearly one third of the species that can be found on the Great
Barrier Reef), and the range from exposed to sheltered
conditions, together with its general accessibility all
contribute to this reefs’ popularity.

The present reefs have been in existence for over 6000 years, and

although they have a long term geomorphological presence, the
species mix may well have changed during this time, in response
to climatic and other environmental changes. In the past 15

years two major events that dramatically “changed the proportions
of coral species on the fringing reefs were observed. The first

was cyclone “Althea” in 1971, and the second was the “bleaching
event " of 1982.

i
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Many coral colonies were broken and overturned by the storm seas
associated with cyclone “Althea”. The most significant damage
however was caused by the excessive freshwater runoff associated
wi'th "Al thea" and, a few days later, the rain ‘'despression
associated” with the :Gulf cyclone "Bronwyn". The freshwater.
dilution of the waters around Magnetic Island ‘caused the deaths

of many of the shallow colonies (Collins, 1978.). Regrowth of
fragmented’'corals and resettlement of coral larvae on the dead
skeletons eventually obliterated the effects of the cyclone after
about 10 years.

The cause of the “bleaching event” of 1982 is not known with any
certainty. The bleaching of corals was observed on many other

coastal reefs in 1982, even as far north as Decapolis Reef near

‘Lizard Island; and on the outer edge reef of Myrmidon. Oliver

(1985), has reviewed the bleaching events on the Barrier Reef and

concludes that temperature stress, in the summer may cause

bleaching.

On Magnetic Island the bleaching caused the depletion, of some
species more than others. Pocillopora anda sSeriatgpworaweere so
severely depleted that many hours of searching did not reveal any
remaining living colonies. Large areas of plate and encrusting
Montipora were also killed ~ reducing the coral cover on thirty
metre transect lines from 40-60% live coral to 0% cover.

In much the same way that the reefs recovered from the cyclone
damage, the effects of the bleaching are now not evident on the
Magnetic Island reefs. Larval settlement, and the growth of
survivors has returned most areas to the same degree of coral
cover that existed before the bleaching. It is interesting to
note that plate’ corals regrew in areas previously occupied by
%Iate corals. This suggests that the coral zonation patterns of ‘
the fringing reefs are maintained through time, even though the -
p(o[ﬁ)or_tions of the individual components may change dramatically .
with time.

Small scale bleaching of corals has been recorded as a fairly.

frequent event on the Magnetic Island fringing reefs. The cause

of this bleaching is not known, but may be derived from a variety’ .

of stress factors e.g. high summer temperatures or rain dilution
of ‘sea water.

For many years the effects of the dredging of the harbour channel

‘on the reefs in the Townsville area has been discussed, in the
local newspaper. Even within, the last month statements that
“there have been two reefs in the area destroyed by dredging’
were made. There has not been a single documented study that has
shown that dredging has caused any damage on. Magnetic Island
reefs or even those closer to’ Townsville such as Middle Reef or
Virago Shoal. The reef destruction statements have arisen from
unsubstantiated reports in the popular press. Even within
Townsville Harbour, with ‘its regular, dredging,, at least 10
species of coral have been identified growing on the breakwater.
The continued surveillance of transects on, Magnetic Island  Reefs

will indicate any long-term changes in coral populations. Should,
marked changes be noticed, it would however , not be easy to
.identify the causative agents. Transect monitoring allows an

estimate of short-term natural changes to be assessed, and should
‘prevent the type of popular speculation, that has occurred in the |
_ past. . ‘ ‘ - L ‘ : ‘
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oOone of the observations that has fuelled the dredging controversy
has been the amount of dead coral seen om the reef Etlats.
Studies on Magnetic and other island fringing reefs indicate that
live coral cover on reef flats is characteristically less than
10%. The cover of live coral on the reef slope (that is not
exposed on low tides) can be as high as that on any Barrier reef.
The lack of visibility on these coastal reefs does limit the
visual impact of the ~coral cover. The presence of large
macroalgae also gives the appearance of a lowered coral cover.

The fringing reefs of Magnetic Island provide an easily
accessible resource to the visitor, but must not be viewed as a
substitute for the main barrier reefs, for in comparison they

would fall very short. Educational visits seem to be one of the
main reasons for i:)eople to visit these reefs at the present time.
As an educational resource they are invaluable, providing access

to a variety of educational levels, from primary school to
tertiary level. It is hoped that the proposed snorkelling trails
will facilitate the education process and make student and

tourist alike more reef aware.
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- Appendi X - Magnetic Island Fringing Reefs

This species list has been compiled from records ‘of species in
the AIMS coral monograph series and various recent collections
made by the author. It is not definitive, and reEresents a
preoccupation with some species groups. Corals nown to be
present on the fringing reefs, but not recently collected or in
the process of investigation include:-

Diploastrea, Caulastrea, Cyphastrea, Mycedium, Echinopora and
Euphyllia.
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| . Family Thamnasteriidae
Mt Psammocora contigua
o Psammocor'a haimeana.
o F a m i _ | y Pocilloporidae -
B Pocillopora damicornis

Stylophora pistillata
Family Faviidae
Favia favus
Favia pallida
Favia maritima
Favia rotumana
Barabattoia amicorum
Favites abdita
Favites flexuosa
Favites pentagona
Favites russelli
Favites bennettae
Goniastrea retiformis
Goniastrea aspera
Goniastrea cf. favulus
Goniastrea pectinata
Goniastrea australiensis
Goniastrea palauensis
Platygyra daedalea
Platygyra lamellina
Platygyra sinensis
Hydnophora exesa
Montastrea valenciennesi
Plesiastrea versipora
Leptastrea purpurea
Leptastrea transversa
“ Moseleya latistellata
Family Trachyphyllidae
Trachyphyllia geoffroyi
¢ Family Agaricidae
Pavona decussata
Family Siderastreidae
Pseudosiderastrea tayamai
Family Fungiidae
Cycloseris c¥clolites
Polyphyllia talpina
Podabacia crustacea
Sandalolitha robusta
Herpolitha l'imax
Heliofungia actinoformis
Fungia concina
Fungia _danai
Fungia echinata
Fungiafungites
Fungia granulosa
Fungia horrida
Fungia paumotensis
Family Oculinidae
Galaxea cf. astreata
Family Merulinidae

@ -

P Merulina ampliata

¢ Family Mussidae

? Scolymia cf. vitiensis

W Lobophyllia hemprichii

B Symphyllia radians
R Family Pectiniidae
Oxypora lacera
Pectinia lactuca

¥
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Fam |y Dendrophyllidae

Tur bi nar| a

peltata

Turbinaria frondens
Turbinaria mesenterina
Turbinaria reniforms
Turbinaria stellulata

Turbinaria
Tur bi nari a

Fam |y Poritidae

Fam |y

Porites
Porites
Porites

bifrons.
radicalis

| obata
murrayensi s
australiensis

Porites 1lutea
Porites mayeri

Porites cylindrica
Porites nigrescens
Porites |ichen

Porites annae
Porites rus

CGoni opora  djiboutiensis
Coni opora stokesi

Goni opora | obata

Goni opora columna
Goni opora st ut chburyi
Acr opori dae

Montipora tubercul osa
Montipora millepora
Montipora sp.l
Montipora nollis
Montipora turtlensis
Mon-t-i-po-r-peltiformis
Montipora ‘undata
Montipora venosa
Montipora digitata
Montipora hispida
Montipora efflorescens
Montipora stellata
Monti pora informis

Montipora foliosa

Montipora aequitubercul ata
Montipora  crassitubercul ata
Anacropora forbesi
Acropora vaughani

Acropora divaricata
Acropora acul eus

Acropora hyaci nt hus
Acropora latistella
Acropora el seyi

Acropora valida

Acropora digitifera
Acropora pulchra

Acropora mllepora
Acropora nobilis

Acropora fornosa

Acropora tenuis

®
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TOMRDS THE DEVELCPMENT COF A SPATI O TEMPCRAL
ATLAS O THE 'HG&H ISLAD FRNANG REEFS FOR THE
SQUTHERN SECTION O THE GREAT BARRER REEF MAR NE PARK
The application of a new technique for the

assessnent of fringing reef communities

R van Woesikx and AD Steven

Department of Marine Biology, School of Biological
Sciences, P.Q Janes Cook University of North Queensland,
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=51~

ABSTRACT S AR A

An integrated techni que has been' devel oped to pro-
vide a possible standard nethodology' for the assessnent
of the distribution and abundance of fish 'and benthic
communities on fringing reefs. To date this. technique
has been applied to four Islands in The Whitsunday region
and maps with colour overlays have 'been, prepared. The
overlays describe 'the community location, the Vertical
and horizontal distribution of connunitieg, the distribu-
tion of substrate types, the distribution and abundances
of fish species 'and the distribution of seagrasses. -

An acconpanyi ng description of each "site" has been
prepared which includes

a) A stylized 3-dinensional profile.

b) A pie diagram providing information on the abso-

| ute abundance of hard corals, soft corals, -dead
standing corals, macroal gae, turf algae,' sponges
and sand/rubbl e.
c) Relative abundance, tables for The Oder Sclerac-
tinia, Subcl ass Alcyonaria, Phylum Porifera and
Macr oal gae.
In addition, broad scale patterns of distribution 'and
conposi tion of fish assenbl ages are discussed and' anti -
‘cipated work outlined.  Maps of, Brampton, .carlisle,
"Cockermouth and Goldsmth |Islands can be obtained from
the G B.R MP.An an Atlas, formafter 31st January,
1987. |
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INTRCDUCTION

Pressure on fringing reef comunities from such
diverse human activities as fishing, agriculture, I ndus-
trial devel opment and tourism (resort developnent) are
steadily increasing. An informative data base is neces-
sary to provide adequate information to assess the'
effects of these activities on the marine environnent.
Initial research providing a base-line by which to moni-
tor community changes through tinme is essential for
managenent policies to be applied. This report describes

a technique designed to provide a suitable data base to

act as_a base=line. for- -the -continued-monitoring and-

management of the '-High Island’ fringing reefs in the
southern section of The Qeat Barrier Reef Mrine Park.
The processes |eading to understanding the major
factors defining the spatial distribution of ~coral reef
communities wll ensue only by expanding the scales and
perspectives of observation. Therefore an integrated

approach was adopted in this study, surveying both fish

-and benthic communities sinultaneously. This approach

firstly allows the examination of the nature of the
different fish conmnities and subsequently a conparison
of these communities with various biotic and abiotic
factors. Secondly, the technique aiiows the examnation
of possible interactions (e.g. herbivory) between the
fish and benthic comunities by monitoring these com~

minities on a tenporal scale. Recent insight into the

oy

%)

D]

@



)

[

U]

b

@

-53-

6rgani zation of coral, reef benthic 'comrunitiesi,"‘ was ' pro-
vided by Qynn, (1976), Connell (1979), Hay (198la),
Sammarco (1982a,b), Wl lington (1982), H xon and Brostoff
(1983) and Lewis (1985) indicating that physical and

bi ol ogi cal di sturbancesmay be majorforcing functions in

~shaping community structure.

TOMRDS A zeENTHIC METHODOLOGY

The conplexity of the reefal system and their struc-
tural and taxonomc heterogeneity makes the task of
describing communities to species level particularly
difficult and tine consuning. Furthernore, morphological
plasticity of certain coral species are evident when
subjected to diverse hydrodynamc, photic and sedinentary
environments (Veron and Pichon, 1976). Coral community
patterns have been denonstrated in quantitative studies
of taxonom c groupings above the species |evel by Done
(1982) .and Bradbury gt al (1985). Their ‘'visually dom -
nant organisms' and 'life fornm attributes were designed
in view of these difficulties in taxonomc identifica-
tion. o

Considering the 'typically' adverse watér | transpér-
ency conditions around the Witsunday Islands (pers.

obs.), accurate benthic recording by such nethods as

manta towing (Done et al.,. 1982) would be insufficient.

After reviewing other nethodologies for collecting accu-

rate ecol ogical information "it was concluded -that a new
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Integrated sanpling technique be enployed with the aid of
aerial photographs to analyse -the communities on these
fringing reefs. This technige is an expansion of the
nmet hod enpl oyed by Veron and Done in 1979 on Lord Howe
Island to include the entire benthic community.
Cassification to genera and norphol ogi cal types
were adopted after reviewing previous community studies
on fringing reefs by G Bull (1982) and T.J. Done (1982).
it was observed that the results of these separate stu-
dies in simlar areas classified communities varying in
species conposition, however genera frequently corres-

ponded in both classifications for areas with simlar

abiotic “paranet ers:

TOMRDS A METHOD OF RECORDI NG FI SH ASSEMBLACGES

In considering a method to nonitor coral reef fish
assenbl ages the follow ng questions need to be addressed.

Do all fringing reefs have simlar assenblages? If
not, can these assenblages be objectively characterised?

Any suitable sampling technique 1is governed by
certain constraints. These include the speed with which
the survey can be conducted, and safe working limts for
S CUB A divers, as well as mninm nman power and
equi prent . As a result a semquantitative technique has
been devel oped which discrimnates the differences in
coral reef fish assenblages within and between reefs:

Simul taneously the technique provides base-line data to

g
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| i
assess the level of fishing pressure on these fringing
reefs by 'using the commonly fished coral trout (Plectro- -

ponus -spp.) as an indicator species.

The sanpling technique, which use's a 50x20 inetre
tran?ect, is derived from the standardized rapid visual,
technique devel oped at the Wrkshop on Reef Fish Assess-,
ment and Monitoring, convened by GB.RMP. A .in 1978.

‘nodified due to the constraints encoun-
tered when assessing reefs of a largely indistinct nature
(i.e. reef flat and reef slope are frequently indistin-

gui shable) and the. generally poor wvisibility typically

encountered while wundertaking surveys on fringing reefs

in the Witsunda'y area.

FI ELD METHCDS

Person 1. Benthos assessnent Person 2. Fish assessnent -

(transect area = 200m2) (transect area =‘1000m2)

Average duration for Average duration for

collection of data, collection of data

= 60 nminutes.. SITE = 70 minutes




1)

2)
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PERSON 1
SITE, SELECTI ON AND SAMPLI NG STRATEGY

Prelimnary observations were made by distinguishing
areas where comunity boundaries may occur using high
resolution aerial photographs as tools for defining
t opographic features. "Sites" were selected on the
basis of visible differences in benthic topography and
exposur e.

A search in the vicinity of the selected sites was
made in order to' determine if the selected sites had a
relatively honogeneous community and to determne the

Vigible extent of the community. |f--considerable.

3)

variance was detected in a neighbouring area an addi-
tional site was selected and surveyed accordingly.
"Sites" were mapped using standard navigation tech-
niques i.e. determning the angles between three
reference points easily distinguished on the Islands,

and subsequently plotting the "site" |ocation.

To determ ne the abundance of the major benthic corn-

ponents a 20 netre line transect using the intercept
nmet hod (Loya, 1972) was laid along the reef comunity
at a uniform depth. The cover of nmacroal gae, hard
coral, soft coral, dead standing coral, sand/rubble,

turf algae, sponges and otherma ror bennlCcomponents
were recorded (see Appendix 1 for attribute list). A
per manent line transect would provide additional

insight when nonitoring these sites by providing

[
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information on rmrtalityt', ‘recruitment anoi; i'nfof'mation
on significant changes in growth, rates.

4) A 5 netre search either side-of the line transect was

‘undert aken. The rel ative abundance of coral genera
within the Oder Scleractinia and Subclass Alcyonaria’
were derived by recording every individual encountered
in the 200m2 transect area. Simlar recordings were
undertaken for the Phylum Porifera and the O der Zoan-
thidea, which varied in taxonomc resolution in accor-
dance with the authors' capabilities in taxonomny.
A special colum was set aside for conspicuous nmacro-
fauna such as. the giant clams Tridacna, Tunicates and
Echi noder ns.
Al'l recordings were marked on alarge Perspex board
which had the ?peration'al‘ Taxonomic Units listed (see
Appendi x 11). Data were obtained through visual
assessment and size estimates, the benthic conponents
were assigned a graded score depending on their' maxi-
mum di anet er.
A broad scal e indication of popullation ‘structll.‘tre‘s wer e
obtained using four size categories. However, resolu-
tion of population dynamcs is variable when consider-
ing that coral colonies vary in porosity’ and growh
rates.
"Field recording criteria on Perspex board:

1-50cm 50~100cm + 1-3metres >3 metres
5) An in-situ mapping technique was enployed to determne -

the relative abundance and generic type of macroalgae.

1
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Ten random 1m? quadrats were placed in the site area.
For permanent transects, quadrats are placed at
specified distances along the line. The quadrats were
subdivided by wire nesh into sixteen squares for
sinplified and nore accurate data recording. The
macroalgae W thin each quadrat were identified and
traced out in the appropriate recording blocks on the
| arge perspex board.

| f seagrasses were present in the quadrats, species
type were identified and their relative cover per
metre square were estinated.

| f macroal gae were prolific and underlying benthic

4
)

6)

components—could—not—be—easily obse rved, a 1l the
macr oal gae were: removed from each quadrat and the
underlying corals identified. Each underlying coral
colony was assigned a graded score according to size.

A B C D E F G

O-5cm 5-10em 10-20cm 20-30cm 30-50cm 50-75¢cm 75-100cm
In addition to defining the conposition and cover of
communities the bottom types were recorded (i.e. nud,
sand, rubble, jgneous substrate, carbonate substrate).
Furt her nor e, di stinct mor phol ogi cal features were
noted (e.g. spur and groove systens) as were the |ocal
currents. The exact depth of the benthic comunities
were determned by preparing tidal curves and interpo-
lating the recorded time and depth for each comunity
using L.W.D, as datum The relief and the slope

angles were also sketched for each "site".

)




7). In order to'determine intra-comunity variation repli-

cate "site" surveys were occasionally undertaken'.

Note: In order to determine any major tenporal conmmunity
changes the survey technique can be enployed by per-
sons with only elenentary know edge in taxonony by
"scaling-up" the taxonom c categories and by diagra-

matic assistance on the prepared underwater board

PERSON 2 )
SITE SELECTION - simlar as person 1, steps'l) and 2)
enpl oyed.
SAVPLI NG STRATEGY )

A 50 netre tape was placed along the reef'slope at a
uniform depth. The observer, to ensure consistency, swam
using s.c.U.B.A. in a zig zag (sinusoidal) pattern 10

netres either side of the tape i.e. Belt' transect =

1000m2.

The presence Of species and their abundance Were
recorded on a prepared underwater slate as the diver swam
along the transect.

Nunerically dom nant species such, as Ponmcentrids
and, sone Labrids (Haliocheres spp.) and Lutjanids (Caesio
spp.) were recorded on a |log 5. abundance scal e, whil st
‘other,, nore solitary, demersal, fish species were recorded

in absolute nunbers.

The log 5 abundance categories follow Sale and'

Williams, (1982).
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Cat egory
1 fish,=1 26-125 fish =4
2-5 fish = 2 126-625 fish =5
6-25 fish = 3 626-3250 fish = 6

> 3250 fish = 7
Rare or exceptional species not on the proforma |ist

are also recorded as well as an aesthetic appeal rating

nmade at each site.

Coral trout {Plectroponus spp.) are recorded under

the follow ng size categories when encountered:.
Juvenile < 40cm
Medi um sub-adult 40-60cm

Large adult > 60cm

The information provided by size frequency data is

far nore sensitiye in indicating 'stress in a fished

popul ation.

@
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' RESULTS o
These results refer to the fringing reefs of four
Islands in the southern section of the Marine Pérk,
namely Brampton, Carlisle, Goldsnmith and Cockernouth
| sl ands. The benthic survey data are stored in the form
of maps wth plastic colour overlays indicating the
vertical and horizontal distribution of communities,
distribution of seagrasses and substrate types.. This
graphic representation makes access and interpretation of
data relatively easy. Addi ti onal descriptions and
stylized profiles have been prepared for each "site"..

An aggl onerati ve hi er ar chi cal classification
(Wllianms, 1971) wusing Bray-Curtis simlarity, coeffic-
lents identified broad scale patterns in the conposition
of fish assenblages. This analysis was run for 32
"sites" using thé Nunerical Taxonony Package '(NT.P.)

developed by the C S I.R QO The results indicate that
differences in fish assenblages are greater between
Islands than within Island "sites". Goldsmith Island was
found to be nost dissimilar from Islands further off-
shore. "Sites" on' the windward slopes were found to be
mre simlar than those on the nore sheltered sl opes.
Where strong currents were persistent on |leeward "sites"
the fish assenbl ages showed simlarity to those sites on

the windward side of the Islands.

Due to the conplex nature of the benthic communities
any taxonomc classification': has yet to be undertaken. |

However distinct 'patterns in .the benthic conmunities .are

o

o
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apparent by "eyeballing" the data.

The changes in benthic comunities and fish assem
bl ages between Islands appear to follow the broad cross
shelf trends identified by Done (1982) and WIIians
(1982). However fringing reef variability maybe greater
than previously thought. The inter-Island variability
may mask these cross shelf trends resulting in the need
to focus on a smaller scale.

Conparing the benthic communities on the exposed
i ndistinctly devel oped Goldsmth Island reefs with the
wel |  devel oped reefs on Cockermouth [Island, obvious
differences in benthic conponents were observed. Sar-

—— _gassum-assemblages.with minimal coral cover. ofencrusting---
mor phol ogi es dominatéd Goldsmith Island in conparison wth

the Acropora robusta = hyacinthus - palifera variants on

Cockernmouth 1sland. Simlarly the fish assenblages on
Cockernmouth, "~Brampton and Carlisle Island have species
which are described as being nore midshelf in distribu-
tion than those on Goldsmth (WIlianms, 1982).

A good exanple of the fish species distribution

patterns is the pomacentrid Abudefduf whitleyi which is

absent on Goldsmth Island, noderately commobn on Branpton
and Carlisle, becones a nunerically domnant species on
Cockernmouth 1sland. An interesting anomaly is the
virtuai absence of Scarids on Coidsmiti-i Isiand where
macroal gae were nost prolific, whilst a few kilonetres to
the south east an increasing abundance and diversity of

these fishes were observed.
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DISCUSSION

The work to date has helped to elucidate broad scale
patterns in distribution and abundance of fish assem
bl ages and benthic comunities on fringing reefs on
southern 'H gh Islands'.

Further work will involve numerical clustering of
benthic communities by coral genera, famlies and various
coral popul ation sizes. Separate clustering on 'macro-"
algae - coralcomunities wll be divided tenporally due
to the seasonal nature of nacroal gae.

Perhaps the nost inportant analysis yet to be under-
taken is the correlation of various biotic and abiotic
factors. This wll involve mltivariant analysis pro-
viding information on the possible associations of these
vari ous paraneters. Further work will also focus on
smal|l scale variability and the examnation of detailed
differences between assenblages within Island reefs.

It is considered by the authors that the communities
recorded could represent stages in succession. Therefore

fine scale tenporal nonitoring is of prine inportance in

determining not only the effect of infrequent large sca

e

perturbations on the comunities but also continuous

seasonal perturbations. Insightinto the extent of

- al gae interactions needs to be gained and the possible

cor al

extent to which they nmay be nediated by the herbivorous

fish guild for any effective |ong-term managenent of

‘these reefs.
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APPENDIX |

Li st of Attfibuﬁes "and respective Recording dees’énployed for

Line Transects

Attribute Description Field code
Scleractinian Corals:
Acr opor a "fine branching" AFB

"thick open-branching" A C B
"stout shrub-1like" A S S
"fine shrub-Ilike" AFS
"tabul at e" ACT
"stout" ACS
Palifera-type A CP
"encrusting" ACE
Ast reopora ACM

O her

Al gae:

non- Acr opor a

M - Massive, F
¢ = Col umar
Fauna:

Al cyonacea

Gor gonacea
Zoant hi dea

identified to genera,
-recordings for

- Foliose, E = Encrusting,

iidentified to genera where
possi bl e

Actinaria, Antiéatharia, Hydr oi ds

Echi noder ns,
M1l epora

Turf Al gae
Coral line Al gae
Macr oal gae

Abiotic Conponents:

Sand
Rubbl e
Sand/ Rubbl e
Silt

Mud

Recently dead,
Wat er

Mollusc,

(cracks deeper

etc.

M xture

standi ng coral
than 50 cm

Wth separate
mor phol ogi es

B - Branching,
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. APPENDI X |1
(Qperational Taxonomc Units, OTU's)
a b [ d
Qrganism's nmaxinmum diameter: 1=50 cm  50-100 cm 100-300 cm greater than 300 cm
X a
200 Familv Faviidae a bh e d 600 Famly Merulinidae 601 b
Caui astrea 201 202 203.204 Meruli na 602
Favi a 210 211 212 213 davarina 606 607
Favites 216 217 218 219 Scapophyllia 610 611
Coni astrea 220 221 222 223 620 Family Mussidae
Pl atygyra 226 227 228 229 Blastomussa 621 622
Leptorra 230 231 232 233 Cynaria 624 625
| ophyl | fa 236 237 238 239 Scol yni a 626 627
Hydr ophor a 240 241 242 243 Acant hast rea 628 629
Mont ast rea 250 251 252 253 Lobophyl | i a 632 633
~ Plesiastrea 260 261 262 263 Synphyl lia 636 637
Di pl oastrea 266 267 268 269 640 Fanilv, ~ Pectiniidae
Leptastrea 270 271 272 273 Echinophyllia 641 642
Cyphastrea 276 277 278 279 Oxypora 646 647
Echi nopor a 280 281 282 283 Mycedium 650 651
Uosel eya 290 291 292 293 Pectinia 656 657
. 660 Fam | v, Carovhvl 1ii dae
300 Pamily Acroporidae Euphyllia 661 662
"Fine branching" 301 302 303 304 Catalaphyllia 666 667
"Thick open- Pl erogyra 670 671
branchi ns" 306 307 308 309 Physoqyr a 676 677
"Stout  shrub-Iike" 310 311 312 313 680 Fanily Dendr ophyl | i i dae
"Pine shrub-1like" 316 317 318 319 Tur bi nari a "Foliose® 681 682
"Tabul at e" 320 321 322 323 "Encrusting free=-
"Stout" (gemmifera lip" 685 686
type) 330 331-332 333 "Encrusting no
"Palifera-type" 336 337 338 339 free-lip" 689 690
"Encrusting", 340 341 342 343 Duncanopsanmi a 693 694
Astreopora 350 351 352 353 Het er opsammi a 696 697
360 Mbntipora "foliose" 361 362 363 364
"Encrusting free- 700 Fanily Fungia
1ip"- - - .-+ - _366-367-368-369 —-Cycloseris 0L 702
"Encrusting no Diaseris 706 707
free-1ip" 370 371 372 373 Hel i of ungi a 710 711
""Encrusting wth ' Fungi a 716 717
vertical Herpol i t ha 720 T2
BI’OJ ections" 376 377 378 379 Her pet ogl ossa 726 727
" Submassi ve" 380 38‘1 382 383 II:(;I yphyl'lia 730 731
$ omtra 736 737
Anacr opor a 390 391 392 393 Eanﬂol iht lhi,i 771'% ;271
400 Famly Poritidae | thophy! I on
Porites  "Nassive' 401 402 403 404 Podabaci a 750 751
"Encrusting" 410 411 412 413 .
“Br anchi ng" 420 421 422 423 ~ 800 Subclass  Alcyonaria
“Li chen-type" 430 431 432 433 Lubi opora S04 502
Goni opor a 440 441 442 443 Paobvetmval ar
Al veopor a 450 451 452 453 achyclavularia 810 811
Lobophyt um 816' 817
460 Familv Pocilloporidae Al cyoni um 820 821
Poci | | opora 461 462 463 464 griareum g%g g%z
Seri at opor a 466 467 468 469 adiella .
Styl ophor a 470 471 472 473 /Sterospi cularia S0 8%
Pal auast r ea 480 481 482 483 Cagﬁgﬂ g’“’” 810 841
Madr aci s 484 485 486 487 S nul ariha . 248 347
500 Family Agariciidae Par enyt hr opodi um 50 851
Pavona "Fol i ose" 501 502 503 504 '\Stb%rtﬁonepht hya ggg ggz
"Massi ve" 506 507 508 509 Dopir oma i h 870 871
"Stout" 510 511 512 513 Par oy onept hya 873 871
Lept oseri s 520 521 522 523 areema '@
Gar di neroseri s 530 531 532 533 Acﬁtshplltm aria g;g g%
Coel oseris 536 537 538 539 i 2 880 881
550 Pachyseris rugosa 551 552 553 554 E?flat i 883 884
, speciosa 556 557 558 559 gjoLrnari a
560 Fanily siderastreidae Lemal | a 887 888
Pseudosi der ast rea 561 562 563 564 890 ngr h(|§(|)rqonacea 8 9 1
Cosci naraea 566 567 568 569 mphet i a
570 Famly  Ccul f ni dae \f,'\#“ 892
R, T i
580 Family  Trachyphylliidae Grder  Pennatul acea 8 9 5
'Ifrachyph_yllla . 581 582 583
590 Fanily hamast erii dae
Psammocora o 591 592 593 594
595 Fanmily  Astrocoeniidae
Stylocoeniel | a 596 597 598 599

c
603
608
612

623

630
634
638

643
648
652
658

663
668
672
678
683
687

691
695

~703-

708
712
718

722
728
132
738
742
748
752

803
806
812
818
822
828
832

839
842
848
852
858
862
872
875

882
885
889

604
609
613

631
635
639

644
649

653
659

684
688
692

813
819
823
829
833

849
853

886
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APPENDI X |1! (cont/d.)

900 G her: Oder Zoanthidea
910 O der Actinaria

920 Phyllum Ml | usca
Cass Bivalvia
Tri dacni dae
Hippopus

930 Phyllum Porifera
"Foliose"
"Vase "
"Cup " .
“Encrusting"
" Submassi ve"
"Ciona-type"’

980 Phyllum Cnidari a
0 ass Hydrozoa
M |l epora
" Branchi ng"
"Massive"
"Encrusting"

69~

9 01

911

921
926

931
932

33

935
' 936

981
990
994

922
927

937

982
991
995

923

938

983
992
996

939

984
993
997

»»»»»»»
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A RECONNAI SSANCE ACCOUNT CF THE RODNEY | SLAND FRING NG REEF AND v
ASSCCI ATED MARINE COVWMUNI TI ES, SHELBURNE BAY

P. Saenger

Centre for Coastal Managenent
NRCAE, P.Q Box 157, Lismore NSW 2480

| NTRODUCTI ON

Rodney Island, lying just to the east of Round Point, consists of
a basenent of ferruginous black laterite covered by a red clayey
loam and weathered pumce. Around the intertidal zone, the
lateritic basement has been exposed by erosion and has given rise
to a rocky shoreline. On its eastern side, a gravelly beach is
present consisting of pumce and coral fragments while on the
western side, silt has accunul ated and been colonised by a
mangrove  fringe

As a result of this-substrate. diversity,-a-nunber--of--diverse - - et

marine conunities are present. Fromthe field work (carried out
inthe area during 24 Qctober to 1 Novermber 1984) and on the basis
of Landsat imagery, four distinct nmarine conmunities can be ;
recogni zed around the island, including open shoreline mangroves;

coral fringing reef; intertidal sandflats; and soft-bottom benthic

comunities. Each of these communities is briefly described bel ow.

It
Ll

DESCRI PTIONS OF THE MARI NE COVMUNI TI ES

Mangroves

Around Rodney Island, nmangroves range in height from2 -

10 netres. Sonneratia alba and Avicennia marina are the outer

species, formng a narrow seaward zone. Stands of Rhizophora

stvlosa forma nore or |ess continuous' zone landward of the

Sonneratia/Avicennia zone while a zone of mxed species forns the

landward fringe. Several species are conmmon in the landward fringe

i ncl udi ng Excoecaria asallocha, Osbornia octodonta, Penphis ‘s
acidula, Lumitzera racemnsa, Aegialitis annulata, Scyphiphora

hydrophyliacea and Ceriops taaal. .
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CoralﬁReefS;‘ " |

Several fringing reefs occur in the study area, with the |argest
around Rodney Island.' The description of this reef is divided
into the reef flat and the reef slope as the organisms of these

two zones differ considerably and warrant separate description.
Reef F at

The gently sloping reef flat consists of large areas of coral
rubble interspersed with small pools and areas of living corals.
The .coral cover increases from approxi mtely 10% near the landward
margin to approximtely 80% on approaching the reef slope. In
places, particularly near the shoreline of Rodney Island, the
underlying Pleistocene laterite |ies at the surface and it, is
covered in mlky (Saccostrea amasa) and black lip (s. echinata)
oysters

The rubble areas are dom nated by'al gae including Chlorodesnis

fastigiata, Hydroclathrus clathratus and an unidentified species
of Sarsassum The black hol othurians, Holothuria atra and H.

| eucospi lota are common on sandy rubble areas and in the shal | ow
sandy pools anongst the coral. The mddle reef flat consists of
nunmerous mecro-atolls of Favia aff. abdita, upto 1.5 min
diameter. Qther hard corals, particularly towards the reef slope,

i ncl ude Sseriatopora_hystrix, Pocillopora SP., Acropora Spp.
Symphvllia sp. and the nushroom coral Funaia funsites. Soft
coral s are not abundant but sporadic patches of sarcophyton
trochel i ophorum and Lobophytum sp. were observed.

Reef Sl ope

Around nost of Rodney Island, the reef slope drops off abruptly
into 6 or nore metres of water. However, on the north-western
side of Rodney Island, the reef slope deepens gradually and
consequently a large reef slope comunity occurs' here.  Underwater
visibility never exceeded 6 mas a result of suspended particul ate
matter and an abundance of plankton.

The reef slope is domnated by soft corals, seawhips and hydroids.




Mean cover estimates derived during the dives were as follows:
hard corals - 10% soft corals « 60% hydroids - 20% al gae and
sand = 10% The soft corals include Sarcophyton trocheliophorum
Dendr onepht hya spgnia elongata, Junceela sp. and Cenocella
aff. pectinata.Hard coral s include Acropora pulchra, Acropora

hyaci nthus, Turbinaria sp., Pocillopora sp., Platygyra_sp.,
Lobophyl lia sp.. Goniopora B3via speci 0sa, Polyphyllia sp.
and Qul aphvllia sp.

Nurer ous al gae were observed including Chlorodesms fastigiata,
Dictyota sp., Sargassumsp., Dictyopteris sp., Codium duthi ae,
Caul erpa racempsa, Caulerpa lentillifera, Caulerpa cupressoides,
Hal i meda macrol oba, Bornetella nitida, Neurvnenia fraxinifolia,
Lenor mandi opsis lorentzii and Callophvcus serratus.

According to Kraft (1984), Rodney Island is the only known
collecting site for the alga Callophycus serratus in Australia,
although it is known from the Philippines and NewCal edoni a.

In addition to the above, the follow ng organisnms were conmon:
stinging hydroids (Lytocarpus philippinus), fire coral

(Asl aeophenia  cupressina), nudibranchs (Ceratosoma aff.
cornigerum  Dendrodoris tubercul osa, Gymodoris cevlonica),
featherstars (H neronetra sp.), painted |obsters (Panulirus
ornatus), a long thin holothurian (Synaptula sp.) and various
sponges.

Fi shes were abundant and the fol | owing were the nost nunerous:
tuskfish (Choerodon schoenleinii, ¢. venustus), painted sweetlip
(spilotichthys pictus), cod (Epinephelus tukula, E. merra),
surgeonfish (Acanthurus xanthopterus), batfish (Pl atax pinnatus),
angl efish (Chaet odont opl us douboul ayi), sweetlip enperor
(Lethrinus chrysostonus, L. nebulosus), spinecheeks (Scolopsis
tenporalis), stripeys (Lutjanus carponotatus), fusilliers (Caesio
chrysozonus), coral trout (Plectropomus maculatus), goatfish
(Par upeneus indicus) and grubfish (Parapercis cylindrica). In
addition a nunber of chaetodontids and pomacentrids were conmon
but detailed identifications were not nade.




| nterti dal Sandfl ats - -

Extensive intertidal sandflats occur between Rodney Island and. the
mai nl and. The sand is predomnantly siliceous, very fine and with a
very |ow organic content, rendering it alnost white. The surfaces

of the sandflats are generally level although sand ripples (fine

and coarse) are'discernible running parallel to the shoreline.

No macroscopic plants were found on the sandflats; two factors are
likely to be involved i.e. the sandflats are nobile and exposure
during lowtides inhibits plant growth at |east during the summer
nmonths. Plant debris such as mangrove leaf litter and stranded
seagrass and algal naterial was common and it seens likely that
this material is a source of.organic matter. for, the infauna
inhabiting these sand flats

General observations showed the follow ng macroscopic species to
be commmon: Seastars (Archaster typicus), sand dollars' (Decauonal e
sp.)and the fol | owi ng molluscs: Qiva caldania, Nassarius pullus,
O ypeonorus noniliferous, Clypeomorus brevis and Mactra

dissimlis. All of these species are detritivores, presumably
feeding on the organic matter in the sand.

In addition to this macroscopic fauna, an infauna exists which is
not readily apparent. Quantitative sanpling of surface sands
using 200 cm2sanples and a 1 mmsSieve was carried out along a,
transect across to Rodney Island. The data show that'a diverse'
fauna of anphi pods, isopods, gastropods and bival ves occur in the
sandflats. The species diversity and abundance reach maxima in the
md to lower tide levels.

At high tide, numerous fish occur over these sandflats, feeding on
the detritivorous infauna and detrital-matter. The nost abundant
species observed include: Millet (Liza vaigiensis), bl ack-tipped
shark (Carcharinus melanopterus), rays (Hnantura uamek, Taeniura
lymna, ACrobatus narinari, shovel-nosed rays (Rninobatos

batillum, flathead, (Platycephalus cf. indicus) and whiting

(Sillago sp.).
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soft-bottom Benthic Communities

These have been arbitarily subdivided into three, namely the
seagrass areas that occur just below low water mark adjoining the
intertidal sandflats, the deeper sparse seagrass/soft coral areas,
and the deep areas of sand and rubble that predominate below
approximately 10 metres. All three grade into each other but they
are described separately below because of their different
appearance.

Seagrass communities

Extensive areas of seagrasses occur in the study area extending
down from mean low water. The seaward extent of these
communities cannot be accurately mapped but they extend
approximately to the 5 metres depth contour at low water.

Several species occur in these communities including Halophila

_ovalis, Cymodocea rotundata and Halodule uninervis; Halophila
minor (= H. _ovata) also occurs but it is confined--to the areas
less than 2 metres deep at low water. These communities vary in
density and are often patchy and they rarely exceed 10 cm in
height . Occasional algae also occur but these are a minor
component.

Seagrass/Soft coral communities

These communities occur around Rodney Island at a depth ranging
from 5 - 10 metres at low water. Soft coral cover (mainly Xenia
and Dendronephthya) comprises about 30% in these communities with
the remaining sandy areas supporting sparse stands of seagrasses
including Halophila ovalis and _Halophila spinulosa. Large fan-like
sponges also occur, often covered in the striped holothurian,
Synaptula sp. Other conspicuous invertebrates include seastars
(Protoreaster_nodosus and_Pentaceraster sp.), the holothurian,
Bohadschia sp, and the painted lobster Panulirus ornatus.

Sweetlip emperor (Lethrinus spp.), trevally (Caranx sp.) and a
burrowing goby were the only fish observed during the survey of
this community.

-l
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Sand/ rubbl e community -

This comunity extends down from approximtely 10 netres. Rubble
and coarse sand conprise the substrate and except for a few
species of algae and hydroids, few organi sns were observed

REG ONAL PERSPECTI VES

Shel burne Bay contains extensive seagrass beds, mangroves,

fringing reefs and vast tracts of sandy heath hinterlands. The
tropical climate and clear waters, the largely sandy hinterland
and the large bay sheltered fromthe prevailing south-easterlies
conbine to form a coastal system unique 'in Australia. It conprises
an area of primry dugong habitat, contains a sizeable popul ation
of the endangered saltwater crocodile and the rare mangrove palm
(Nypa fruticans) and it supports regional crayfish and barranund
fisheries, respectively based on the fringing reefs and estuaries
of the area. In addition, the offshore areas are trawed for
prawns

The Rodney Island - Round Point area conprises the eastern
extremty of Shelburne Bay and on a smaller scale, displays the
diversity of habitats that characterizes Shel burne Bay. Extensive
sandflats and seagrasses occur in the area and a well-devel oped
fringing reef surrounds Rodney Island while the mangrove fringe
and the fig forests of Rodney Island support |arge nunbers of
Torres Strait pigeons, a species of restricted distributionin
Australi a.

Nevert hel ess, none of the marine comunity types found in and

~around Rodney Island (or in Shelburne Bay generally) are rare but
the conbination of all of these in a relatively confined area has
produced a uni que systemof high scientific val ue.
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CAPE TRI BULATI ON FRI NG NG REEFS AND MONI TORI NG PROGRAM

‘ Wndy QGaik and Ian Dutton .
_Great Barrier Reef Marine Park Authority
P.0." Box 1379 ‘
Townsville Qd 4810

The coastline in the vicinity of Cape Tribulation is generally
acknow edged as Dbei n? among the nost scenic in Australia.
Fringing reefs occur a ondg much of this coastline between the
mouth of the Daintree and Bloonfield Rvers (Figures 1 and 2).

As part of the Cairns Section of the Geat Barrier Reef Marine
Park, these reefs were zoned Marine National Park *A’ and Marine
National Park ’B’ in 1983 to provide them wth some degree' of

rotection. Wth these zonings, limted fishing is allTowed in
P'A", but extractive activities are not' permtted in MNP'B’,
(Figure 2.)--

In late 1984 a new unsealed road linking Cape Tribulation a n d
Bl oonfield was opened to the public. The road was the subject' of
consi derable controversy between,conservation groups opposed -t o
its construction and local and_ State governnments equally
determned to see the road built (Davis, 1985): (ne of the nmjor
concerns about the new road was its potential to adversely affect
the adjacent fringing coral reefs through increased sedinent run-
off, (e.g. see Borschmann, 1985).

Little is known of the geology, geonorphology and ecol og%/ of
t hese reefs. This deficiéncy, ~ conbined with the lack o :
know edge about the potential effects of increased sedinent
concentrations on fringing reefs, pronpted the initiation of an
investigation to provide a sound basis for the determnation of
pﬁSSI bl% managenent needs which mght arise fromthe presence of
the road.

To do this, it was decided to establish a research' and nonitoring
program on the cape Tribulation reefs. This was done af'ter'
detailed consultation with the scientific commnity and taking
into account a range of matters related to cost effectiveness:
| ack of existing information, integration -in the overall
nonitoring program etc., (for details of the program devel opnent
see Dutton and Caik, submtted). The final program consisted of
two research projects and two nonitoring projects.

The research projects are designed to provide information on the
sedinment regine from the mainland catchments through the, fringing
reefs to inshore areas. The nonitoring projects are designed tO
conpare characteristics of biological communities (e.g. coral,"',
fish, coral recruitnent) at'a nunmber of sites some of which are:
subject to sedinment run-off from the road. The program will
continue -until 1988.

The initiation of the work was preceded by a prelimnary

investigation _(Ayling and Ayling, 1985) to enable refinenent of
t he' survey design.
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Table 1 sunmmarises the four research and nonitoring elenents of
the program. Prelimnary information gained as a result of these

studies  wll be presented in subsequent papers in this workshop
by the investigators. As a result of this major research and
monitorin initiative, not only should information be provided
which will assist in determning "appropriate nmanagenent actions,
but a considerably greater understanding of the dynamcs of
mainl and fringing reefs wll have been obtained.
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TABLE 1: CAPE TRIBULATION RESEARCH AND MONITORING PROGRAM
PROJECT - OBJECTI VE( S) RESEARCHER( S) METHOD(S) - DURATION (COST EST. ($A)
Resear ch
EE a . Effects of (i) to evaluate the Assoc ‘Prof . D. Hopley *Literature Revi ew 3 years $ 3 8 , 5
di st ur bed rain- i mpact of unsealed . *Monitoring of:
-forest catchments roads and rel at ed (James Cook Uni.) . rainfall
on adjacent earthworks on . stream level and -
_ fringing reefs = fringing reefs in sedi nent | evel
Cape Tribulation the Cape Tribula-_ . catchment charac-
P - area tion area. teristics
- : (ii) to measure changes . reef flat
caused by the hydrodynamics
) r oadwor ks, bot h . inshore sedinent
T Wit hin cat chnment's I evel s
i and in the *Cal i bration with
nearshore  zone. other studies
e b. Sedi nent ary (i) to document Dr. D.P. Johnson *Literature Revi ew 1 year $ 5,500
: setting of geol ogi cal sedi ment Prof. RM Carter *sidescan sonar
T : ‘ fringing reefs facies. M. J. Hills mappi ng
S - Donovan Poi nt (i) del i neate shal | ow (James Cook Uni) *Sei smi ¢ mappi ng
M © ‘stratigraphy of *Coring and sediment:
| peri-reef sedi nent s. sanpl i ng
el (iii) Core and recover *Radi ocar bon dating
I dat abl e nmat eri al of core mat eri al
from reef and
of f-reef deposi ts.
Moni toring
- a. Moni toring (i) to determne _ Dr. V. Harriott *Placenent of sets -3 years. $15, 300
A ‘Coral whether these are M. D. Fisk of settlenent -
Recr ui t ment - Cape si gni fi cant vari a- (Private Consul t ant s) plates at each
L Tribulation tions in coral monitoring site
teintt .- cringing Reef s recruitnent bet ween (each _plate covered
N selected sites. by Platygyra and a
EE (ii) to assess whether smal | colony of
s runoff from the new Acropora palifera and
road has affected 6 nonthly analvsis
L recruitnent rates *Survey of pernmanent
C e grids
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PROJECT OBJECTI VE(S)

RESEARCHER( 9)

METHOD( S) DURATI ON

b. Mnitoring Cape (i) To determ ne whet her
Tribul ation the Cape Tribulation
Fringing Reefs to Bloonfield Rd.

havi ng/ has had

effect on corals,
fish and invertebrate
fauna of the adjacent

fringing reefs.

*Initial

survey and 3
selection of sites

e 6 monthly surveys of

fixed sites

-line transect surveys
-stereo  phot ofgra||ohy
0

- measur enent arge
col oni es

-50 X 20m coral trout
counts

-incidental observati ons
*Qverall data analysis




IS SILT RUN-OFF AFFECTING CORAL COMMUNITIES ON THE CAPE
TRIBULATION FRINGING REEFS? :
Tony M. Ayling and Avril L. Ayling
Sea Research

INTRODUCTION

There was considerable controversy during 1984 over the decision to construct a coast road
throu h ranfores from Cape Tribulation to the Bloomfiedd River in Far-North Queendand. This
ed road was completed in late 1984 and subsequent observations during the 1985 wet season
showed that there was heavy loca run-off of silt into coastal waters from the road. There was
concern that this slt run-off could cause permanent damage to the fringing reef communities in the
aea Sea Research was contracted b the Marine Park Authority a the end of 1985 to make a'three
year dudy on the fringing reefs in the Cape Tribulation area to determine if the observed st run-off
was dffecting the cora communities.

The 25km dretch of coast between Noah Head and the Bloomfield River includesabout 13km of
fringing reef much of which is based on detaic ?:ravel fans. The intertidd portion of these reefs is
over a metre above the level of low spring tides. From low tide level the reefs fal steeply to the
segin;%nt bottom at depths between 3 and 6m (low water spring), with a reef width of between 10
and 70m.

The Cape Tribulation coast is characterised by steep rainforest covered hills falling directly to the
sea from over 1000m. Ranfdl is high, averﬁqmg over 4,000mm per year, with annua totals of
more than 6,000mm not unusual. Mogt rainfal occurs between January and April and during this
period 24hr fals sometimes exceed 500mm.

Between April and October SE trade winds blow onshore, stirring up the shelf sediments and
holding a wide band of turbid water againgt the coast. Water vighility in these prevalling
conditions ranges from 50cm to less than 2m; during extending cam periods water vishility is
usudly only between 2 and 6m, dthough it may occasiondly exceed 10m.

The main problem faced was how to resolve the question of whether any damage detected was
resulting from the run-off of glt in view of the absence of any comprehensive Preroad biologica
data from the area. As the road was congtructed in late 1984, there had been a full wet season of
run-off before this study Started. It was decided that the Cape Tribulation coast could be divided
into three locations, two of which’could be used as controls for the third in relation to this problem.

Location 1. Coastline from Noah Creek north past C%)e Tribulation, adjacent to the ‘
long-established section of the road that runs from the Daintree River to 2km north of Cagpe

Tribulation (control 1)

Location 2. Coadtline from 2km north of Cape Tribulation to Cowie Point where the newly
congtructed road runs adjacent to the coast and where st laden,run-off from the road was observed
during the 1985 wet season.

Location 3. Coadtline from Cowie Point to just south of the Bloomfield River where the new road
is diverted inland and direct run-off is unaffected by any road congtruction.

There are further problems with this gpproach; it could be argued that silt run-off may dso, be ,
dfecting the adjacent control aress, but these are unavoidable.

METHODS

After a preliminary assessment of &l reefs between Noah Head and.the Bloomfidd River four
gmilar sites where the reef reached a depth of a least 4m a low tide were chosen at each location.
Each Ste .was redtricted to a homogeneous length of reef less than fifty metres long having broadly
amilar cord communities. Four sites were used W|th|n each location to give some in&cation of the
naturd vanatlon present in the area
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As a preliminary to the main survey the depth dratification of the cord communities was measured
a two gtes by running five replicate 10m intersect line transects to measure the abundance of coras
and other encrusting organisms a four depths. These surveys indicated that there was a marked
depth gratification in the reef community. The intertidal reef flat supported a low agd turf but was
largely devoid of hard cords. The Iardge brown algaSargassum occurs in a dense band from about
mean low tide level down to Im and then decreases in dengty down to about 3m depth. Hard
cords increase in aundance with increasing depth, approaching 70% cover below Sm. This level
of cora cover is high compared with off-shore reefs where cover in the richest aress is only
30-50%. In addition the species compostion of the hard cord community changes with depth. It
was decided to redtrict the main survey a each Ste to the Montipora/Acropora depth Strata between
about 2 and 4m depth; this strata was present at al Stes.

Only one component of the survey will be discussed here.

At each site five permanent 20m line transects were marked with stakes every Sm and recorded for
coral cover. A fiberglass tape was stretched tightly between the stakes and the intersection of this
tape with each coral colony beneath it was recorded in cm. From this a measure of percentage
cover can be made and if necessary an estimate of the size frequency of the population from which
the intersections were drawn can be made.

The permanent transects were set up and surveyed initidly in October/November 1985 and
resurveyed in September 1986.

RESULTS

In the 1985 survey the mean percentage cover of hard coral for the 5 permanent transects at each
gte ranged from 332 to 62.6 (see table 1). Comparison through time shows that there has been a

L -condderable-reduction-in-coral-cover-atALL  sites  between Oct 85 and Sept.86.(mean reduction of

24%). This, however, was due to the smal tropica cyclone Manu that broke up just south of
Cooktown 0n 26-27 April 1986 and resulted in winds of around 40-50 knots in the Cape
Tribulation area. Examination of the gtes in early May showed consderable cord damage down to
about 4m depth, especialy in the most northerly location 3 sites that were closest to the cyclone.

Two factor analyses of variance indicates that while there were significant differences between sites
in locations 1 and 2 there were no differences in live hard cord cover between locations, ether
before or after the cyclone damage. This suggests that there has been no influence in the new road
location 2 over and above that of the cyclone that may have been caused by gltation. In fact the
Enean )reduction in cora cover in location 2 was 16%, less than in location 1 (24%) or location 3
32%).

DISCUSSION

At this early stage of the study we have detected no evidence of hard cord degth due to sitation a
any of these gtes, either from the permanent line transect measurements reported here, or from the
other survey components or from general observation in the area

The picture of these reefs that emerges to date can be summarised in the following genera points:

Hard corals are more abundant on these fringing reefs than on most off-shore reefs. the grand mean
cover of hard coras on these stes was initidly 50.8 + 9.0%, compared with 23.0 + 10.9% on a
sdlection of 42 reefs in the Centrd Section of the GBR Marine Park, and 22.6 + 12.8% on 38 reefs

S ale VD L,
in tne Capricorn Section.

The cords that grow in the area are st tolerant and must normally cope with a high silt content and
severely reduced light penetration for long periods when the SE trade winds are blowing. Most of
the cordls are dark brown in colour, presumably to maximise light absorption.

These fringing reefs are able to cope with regular, often severe disturbance. Tropica cyclone
Manu, adthough it caused an overdl reduction in cora cover of 249, was a minor episode and such
events probably occur with a return time of about five years . extremely severe episodes have
occurred in the Cape Tribulation area a least twice this century: in 1911 and 1934.

o
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Preliminary observations suggest that many of the corals grow very rapidly and can regenerate

from smalargroken fragments after episodes of damage. Others, such as Porites colonies, are
nﬁasswe enough to survive high wind episodes and heads up, to 8muin diameter have been found in
this area.




-86~

Table 1. Cape Tribulation Fringing Reefs. Comparison of Hard Coral Cover
Before and After the 1986 Wet Season and TC Manu (26-27th April 1986)

Recorded as mean % cover from five permanent 20m intersect line transects a each ste

Nov. 1985 Sep. 1986 Change
mean s.dev. mean st.dev.
5.5
Location | Site ! 40.4 54 29.3 6.9 -27%
Site 2 53.4 .. 457 10.3 -14%
Site 3 626 11.6 48.1 13.9 -23%
Site 4 56.0 125 38.3 8.9 -32%
Location 2 Site 5 33.2 12.7 25.0 177 -25%
Site 6 53.2 9.4 47.4 6.9 -11%
Site 7 58.6 7.9 449 - -23%
Site § 39.4 37.6 6.8 -5%
Location 3 Site 9 542 175 41.4 8.4 -24%
Site 10 51.9 9.1 37.1 6.6 -29%
Site 11 47.3 s 29.1 e -38%
Site 12 59.1 53 38.1 8.5 -36%
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RECRUITMENT AND MRTALITY COFJWENLE GORAS ON THE FRNANG
REEFS NORTH AND souTH OF CAPE TR BULATION OVER ONE= YEAR

. David A, Fisk and vVicki J. Harriott, , ,
‘Reef Research and' Information Services,

PO Box 108,
Kuranda 4872'.

ABSTRACT

Patterns of coral spat recruitment onto settlement plates and
turnover of juvenile corals in napped quadrats were examned at' 6

reefs, near Cape Tribul ati on. There were 'no significant
di fferences bet ween the nunber of coral Sﬁat recruits at
sout hern, central, and northern zones of this region. The

taxonomc conposition of spat varied between the three zones.
The abundance of spat on the fringing reefs was conparable’ to
that" found on midshelf reefs near QCairns, although the taxonomc
conposition was different.

T h e abundance of different taxa of the juvenile corals closely
reflected the relative abundance of adult corals at each reef,
butt was not closely correlated wth the taxonomc conposition of
coral spat. There were dramatic changes in juvenile. corals over
the one vyear period which can be attributed to the effects of two
cyclones that passed close to the area in February 1986.

No evidence was found from one vyear's data that the consequences'
of a new road in the central zone adversely affected juvenile
corals or the availability of coral |arvae, but any possible
effect from the roadwrks would have been nasked by the effects
of the cyclone.

| NTRODUCTI ON

‘We present here the first year's results' of a 3 year programto

investigate coral spat and juvenile recruitment patterns on
fringing reefs in the Cape Tribulation area of North Queensland.
The aim of the program is to determine if the recent construction
of a road on a section of the, coastline adjacent to some fringing
reefs has affected the juvenile corals on the reefs. It is
possible, that increased sedinment | evels due to run-off'm ght
adversely affect coral reproduction or recruitment processes
wi t hout resulting in significant death of established corals.’
This could result in a slow long-term decline in the viability
of the fringing reef coral communities, so a study of 'recruitnent
patterns mght detect such changes before they were discernable
In the established coral community.

This paper al so conpares the results fromthe Cape Tribul ation

region wth theresults from a study of recruitnent on some nd-
shelf reefs off GCairns, to the south of the fringing reefs.

The study of the fringing reefs commenced 10 months after
conpletion of the road and after the first wet season had
finished' . No obvious nortality of the |argercoral colonies had
been observed at +that tine (A Ayling, personal conmuni cation,).
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Very little work has been published on coral gpogulation dynami cs
of “fringing reefs. Heyward and Collins (1985) reported
reproduction and popul ation dynamcs of a comon fringing reef
cor al Monti pora ramosa(=digitata), from Magneti c sl and.
Harri ott (1983,1985) studied reproductive ecology, population
dynamcs and recruitment of corals on a patch reef which was part
of the fringing reef surrounding Lizard Island. Qher studies
focused on zonation (Bull, 1982; Mrrissey, 1980), geonorphol ogy
(Hopl ey et _al, 1983), and reproduction of sone commobn species
(Babcock, 1984).

METHODS

Sites

Six reefs were selected in 3 zones, wth tw reefs in each of the
zones (figure 1). The southern zone includes a group of reefs
where the adjacent coastline has Dbeen extensively cleared and a
coast al road has been in existence for at |east 10 years. The
central zone reefs are nost likely to be affected by the new road
section which is close to the coast and has sone steep gradients
wi th nunmerous  streamns. The northern zone reefs have a hilly

coastline and the road turns inland in this region, so there is
no run-off from the road onto the fringing reefs.

Set t| ement experiments

Two settlenent racks were placed on each of the 6 reefs, wth
each rack having initially, 3 types of plates. There were 4
plates “cut from—a—massive—Platygyra colony wth- 2-smooth-cut
surfaces, 2 plates where one surface was the outer surface of the
Platygyra col ony, and 1 large piece of Acropora palifera. The
Platygyra plates were bolted in pairs above and below the
weldmesh rack, and the Acropora plate was tied to the top of the
rack with wre (Harriott and Fisk, in press).

Many plates were lost from the racks in the sumwer period so a
common denoni nator of 3 plates (one pair of snooth plates and a
single lower plate wth the outer Patygyra surface) were sanpled
from each rack. Spat on upper and Tower surfaces of each plate
and on 2 of the 4 sides were counted and identified to famly
level . Racks are replaced at approximately 6 nonth intervals
corresponding to the end of sumer and wnter periods.

Turnover of juveniles

Juveni |l es were defined as colonies with nean di aneters of | ess

that 10cm (from 2 perpendicular neasurenents). Al juveniles
were mapped and neasured in 3 x 1sg.m. quadrats which were within
a 10m radius of the settlenent racks on each reef. Quadrats were

mapped in MNovenber 1985 and again in Cctober 1986. Oily 1 of the

two reefs in the nost northern zone was relocated and mapped in
Oct ober 1986.

RESULTS
Recruitment on settlenent plates

During the sumrer period (Cctober 1985 - April 1986) over 2000
spat were recorded on the 6 reefs. In contrast, during wnter
(April 1986 - October 1986), only 5 spat were found on the 8
racks which were recovered. The following results refer to the
summer recruitment only.

L. it SoAnreesowes  smeseedue ncod oteeong e . A mm s
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The total number of spat per rack ranged from 30, to 450 (mean =
151, SD. =:108) (figure '2). There,was no significant difference
in number of recruits per rack between the 3 zones (analysis of
variance, on log transformed abundance data, F=2.61, P(F)=0.13).
The number ‘of spat from the families Poritidae and Faviidae were.
relatively consistent between reefs but the number of acroporids
varied greatly (figure 2). The proportion of all spat
represented by the families Pocilloporidae and Poritidae did not
vary significantly between zones (analysis of variance, arcsin
transformed proportions (F=2.95, P(F).-0.1; and F=3.07, P(F)=0.1
respectively). However the proportions of Acroporidae and
Faviidae of the total numbers were significantly different
between the zones (analysis of  variance, arcsin transformed
proportions, F-20.75,  P(F)<0.001 and' E-7.76, P(F)=0.01
respectiveI?/). This variability was due to the larger numbers of
these two families in the northern zone (figure 2).

Comparison with md-shelf reefs

The density of spat on the Cape’ Tribulation plates was comparable

to the density of spat on some offshore mid-shelf reefs for the
same time period. The mean number of spat per rack was 151 (S.D. .
=108) for the fringing reefs, and for comparable plate sets, the
offshore reefs averaged 96 per rack (unpublished data).

The location of spat on the plate sets was different for the Cape
Tribulation plates from that found at Green Island on the mid-
shelf (table 1). Nearly 80% of all spat recorded on the fringing
reef plates were found on the two vertical surfaces ofthe
settlement plates, compared with the 23% to 27% found on the
comparable vertical surfaces on the plates from Green Island. In
addition, significant numbers of spat were found on the upper
surface of the Cape Tribulation plates but no recruitment,
occurred on the upper surface at Green Island.

There were differences in the taxonomic composi-tion of spat ‘on
the fringing compared with mid-shelf reefs (figure 3). The major
differences include a greater proportion of Faviidae and a-
reduced proportion of Pocilloporidae on the fringing reefs,
compared to those offshore.

Dynami cs of mapped juveniles

In” November 1985, a total ‘of 28 genera were recorded in the 18
sgq. m. ‘of permanent quadrats, with between 7 and 18 genera
present at any one reef. The most abundant genera in decreasing
order 'of abundance were: Acropora,

Hydnophora, Galaxea, Pocillopora,

relative abundance of thé& famiiessAcroporidae and PocCill

was consistent on all reefs, with’ acroporids always most abundant
while. pocilloporids were always rare. In contrast, ‘Faviidae and
Poritidae were highly variable ‘between reefs.
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Significant changes in the nunbers of juveniles were recorded
between 1985 and 1986 (table 2). Simlar nett colony nunbers for
the 2 years were recorded in the central and northern zones but
the two southern reefs had noticeable nett reductions in colonies
between the first and second census. The nunber of recruits into
permanent  quadrats ranged from 6 to 58 per reef (conbining the 3
quadrats) . Many of these recruits were fragnents of snall

colonies attached to larger segnents of reef naterial which-were.

moved into the quadrats by wave action.

Overall, nortality rates were high (39%-76%; table 2), but these
are probably overestinmates since many fragments appear to be
renoved from the quadrats rather than killed outright, and the
outcome from fragnments outside the quadrats cannot be determ ned.

Spat and juvenile abundance conpared to total popul ations
Overall, the Acroporidae are the nost abundant famly in the

spat, |uveniles, and total coral estimtes, though the spat are
under represented, conpared to the other two categories, in the

two southern reefs (figure 4). Pocilloporid adults are not
abundant and the spat and juveniles reflect total colony
abundances. , Faviidae are always over represented in the spat

conpared to the juveniles and total nunbers, especially in the
southern reefs. On half of the reefs, poritid spat are in higher
proportions than the juveniles and total estimates, with the
other half of the reefs show n? more or |ess equal proportions of
all 3 categories. The other famlies represented do not seem as
a group to vary appreciably in their proportional representation

at any of the reefs.
DI SCUSSI ON

The first year of results has shown some interesti n? patterns
with regard to spat type and distribution. The following two
years of the study will show if these patterns are consistent or
show inter-annual vari ation. Characteristics likely to be
consi st ent over tinme include: the preponderance of spat
settlement  over the sunmer period consistent wth offshore nass
spawni ng patterns (Babcock et al, 1986); and the dom nance. of
Acroporidae and possibly Faviidae in the spat, because of the
dom nance of these famlies in the established coral conmunities

of all the fringing reefs in this area. Though faviid spat are -

apparently over-represented in relation to the relative abundance
of the juveniles and total nunbers in the shallow study areas,
adult faviids are abundant in deeper water at nost reefs (Ayling,
this _tworkshop), and this may account for their abundance as
recruits.

The first year's study showed no variation in nunber of recruits
in three zones likely to be affected to different degrees by the
runoff from the new road at Cape Tribulation.

No clear correlation can be nade between total coral nunbers and
conposition and local spat densities and conposition. This
suggests that the reefs of Cape Tribulation receive nore or |ess
a mxed pool of |arvae, deEendi ng on particular water novenent
features over the few weeks that nost J|arvae stay in the

pl ankt on. Tenporal  variation in the nunber and conposition of
settled spat is docunented in the literature (\Wllace, 1985), so
it wll not be surprising to find a different pattern in the

summer of 1986- 87.

»
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Coral spat at Cape Tribulation settled preferentially on vertical

and -upper surfaces in contrast with recruits on offshore Plates.

This may reflect differences in factors adversely affecting

successful settlement at similar depths in the two environments.

The preference for vertical surfaces in the fringing reefs may be

a result’'of a compromise betweenavoidance of heavy sediment load
and avoidance of very low light levels ‘in the normally turbid
water. Very few spat were found between and under the plates on

the fringing reefs, where ambient light would be very low, while

the spat on the mid-shelf reefs were most abundant in these

positions.

Moderate numbers of spat were also found on the upper surfaces of

plates from the fringing reefs while none were found in that

position on offshore plates. Though sediment load in the water
1s more obviious in the fringing reef, grazing pressure from
fishes appears to be low (A. Ayling, personal communication,)., and
grazing by various_organisms is one factor that has been proposed
to reduce recruitment on wupper surfaces in shallow ‘reefs
(Harriott, 1985). It is possible that initial recruits on the
upper surfaces at ,a fringing reef will not survive subsequent
sediment load.

The mortality rate of(juveniles in the mapped quadrats: was higher
than other published estimates for shallow reef corals (Connell,
1973; Bak and Engel, 197 9; Harriott, 1983). As well, within a 1
year sampling period there can be as much as a further 30%
turnover (Harriott, 1983). The very high mortality ‘rates
reported here are largely due to the effects of a small cyclone
which passed close by in February 1986.

Branching and foliose Acroporidae tend to dominate the’study
sites and these most abundant growth forms are adept at recovery
from fragments. The Cape Tribulation area is in an area where
periodic moderate to high disturbance takes place so
fragmentationis probably important in_maintaining a dominance in
these areas (Highsmith, 1982). This raises ™ the .question of
whether fragmentation might be the dominant form of recruitment
in" “at' ‘,ast the shallower, areas. |In support of this, is the
generally loose nature of the substrate and the presence of
strong seasonal winds. We will attempt to evaluate the relative
contributions of fragmentation (an asexual process) and spat,
recruitment (largely sexual) to the community in the continuing
programme.

We found no evidence that the effects of the recently constructed
road are affecting the juvenile or spat recruitment patterns.

However, the effects of cyclone activity on the dynamics of the

juveniles would have masked any possible effect from sediment
runoff. The study will continue for two more seasons covering a

further two wet seasons, and should allow evaluation of the reefs
under non-cyclonic conditions. ‘
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. Table 1: Settlenent
pl ates at

surface on a pair of plates
.pairs of plates, "bottom™
Surface Cape Tr
Zone 1 Zone 2
Top 8% 5%
M ddl e 10% 10%
Bott om 3% 4%
Sides 80% 80%
Table 2: Recruitnent and

di aneter< 10cm) at si x reefs.

Taxa

No. Recruits
.No. Dead
Initial No.
Mrt. Rate

No. Recruits
No. Dead
No. '

[nitial
Mrt. Rate

Acr opori dae

Poci | | opori dae

No. Recruits
No. Dead,
Initial No.
Mort. Rat e

Poriti dae

No. Recruits
No. Dead
No.

Initial
Mrt. Rate

Favii dae'

G her Famlies No. Recruits
No. Dead
Initial No.

Mrt. Rate

No. Recruits
No. Dead
No.

Initial
Mrt. Rate

Tot al s

t _ orient ati on
Cape Tribulation and Geen Island.

_9‘3_

cor al on settlenent

of spat _
"Top" 1S uppernost
, "mddle" is the 2 surfaces between,
IS lowermost surface. '
I bul ation Green 'Island
Zone 3 Backreef Forereef
3% 0% 0%
13% 47% 18%
11% 29% 55%
2% 23% 27%
nmortality rates for juveniles (nean
Sout h Central.,: "North
z1/1 z1/2 22/6 22/17  ‘Z3/11
26 27 16 0 '25
75 55 22 3 18
97 119 28 10 22
77% 46% 79% 30% 82%
2 1 0 S | 2
8 5 0 0 1
8§ 10 2 3" 1
100% 100% 0% 0% 100%
0 3 5 0 3
0 0 10 0 8
0 7 16 0 12
-0 0 63% 0 67% !
[ 0 3 1 - 6
9 1 6 3 8
10 3 18 8 11 .
90% 33% 33% 38% 73%
0 5 5 ‘4 22
-4 13 4 3. 9
131 7 17 13 "12
318 /7% 24% 23 % ' 75%
29 36 29 6 58
96 '74 42 9 44
128 156 81 34 58 "
5% 47%  52% 27% 76%

|
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Melissa
Creek

_Donovan Pt.
4 2.6

)

Cape Tribulation

| 2 . )

Naut. Miles

Figure 1. Dagram of the study area show n% the 6 fringing reefs
in zones 1,2, and 3. The nunbers fdr each reef are those given
by A and A Ayling in a conplenentary study.
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STRUCTURE AND GROMH OF THE CAPE TR BULATION FRING NG REEFS
= PRELIN NARY  CONCLUSI ONS

Bruce Partain
James Cook Universit
Department of Geography
Townsville, Queensland, 4811x

ABSTRACT

During May and June of 1986, nine boreholes %ere drilled into
three fringing reefs near Cape Tribulation (16 05’s, 145 28'E).

Maximum depth drilled was 8.3 metres, and cores from the

boreholes reveal a fluvial fan gravel foundation. Petrographic

study of thin sections of core material indicates both aragonite

and high-magnesian calcite cements. —Samples recovered show no

extensive recrystallization of aragonitic skeletal constituents.

This evidence implies that’ the reefs have not been exposed

subaeriaIIK for a significant period of time, and are probably

younger than Pleistocene age. Sample recoveries range from 25 to

40 percent of total depth drilled. From top to base, the typical

vertical sequence is algal veneer, coral framestone, mixed

terrigenous-carbonate detritus, basal coral framestone and gravel

foundation. Surveying of the reefs shows an average reef front

elevation of ,5 metre above Mean Low Water Springs. This data,

plus the paucity of live coral growth on the reef flat in favor

of—coralline--algae-,—indicates a .slightly higher _past sea level or
isostatic adjusfment.

The project is ongoing, with chronology of reef growth to be
determined by radiocarbon dating and radiographic banding study.

* Current address:
University of Texas of the Permian Basin
Department of Geology
P.O. Box 8415
ODESSA, TEXAS 79762, USA




Checklistof corals from the Daintree Reefs =

' |
i .

J.E.N.. Veron

Australian Institute of Marine Science . -

. Summary ;.

One hundred and forty-one species,” belonging to 50 genera of scleractinian corals were
recorded 'from the Daintree reefs during a three day study, November 1985.. Of these,
Alveopora ‘gigas, Alveopora marionensis and Psammocora sp. have not been previously
recorded from ‘the Great- Barrier Reef. The absence of any previous record of Alveopora’

} gigas from any eastern Australian !ocality except the Daintree reefs is extraordinary as this’ !

species forms large conspicuous colonies with large and very'distinctive polyps. : r

Acanthastrea echinata

® Acropora aculeus

Acropora anthocercis

. Acropora brueggemanni

Acropora cerealis
Acropora cytherea

Acropora danai

Acropora divaricata

Acropora donei

Acroporaelseyi
Acropora formosa
Acropora grandis

Acropora humilis A

" Acropora hyacinthus

, Acropora kirstyae

Acropora latistella

Acropora microclados

Acropora microphythalma

. Acropora millepora

. Acropora nasuta

- Acropora palifera
5

‘ Acropbra paniculata

rare, recorded from Ayling's specimen only.
rare

rare, difficult to recognise

very common and widespread

uncommon

patchy

in one greq only

common,, most colonies are a distinct purple
patchy

patchy, abundant at one site

patchy

rare or very patchy

uncommon

uncommon

rare

patchy

uncommon

very'common in some areas ,
uncommon but very distinct salmon pink
patchy :

very common

rare




Coscinaraea columna

Acropora _samoensis

Acropora selago

Acropora subulata

Acropora tenuis

Acropora $ps

Acropora val ida

Acropora vaughani

Acropora willisge

Alveropora qigas

Alveopora  marionensis

Astreopora __ moretonensis

Astreopora myriophythalma

Barabattoia amicorum

Blastomussa wellsi

Caulastrea furcata

Coeloseris mayeri

-100~

common

‘patchy or uncommon

very common

common, very distinct

very common and widespread

very common in shallow water

patchy

common in shallow water

common, not previously recorded from eastern
Australia. This species forms large, conspicuous
colonies at the Houtman Abrolhos Islands.
common, not previously recorded from the GBR
common, forms stubby branches on flat plates
rare

uncommon, hardly seperable from _Favia

rare

rare

from Ayling's specimens, not seen by Veron

Cyphastrea microphthalma

Cyphastrea serai lia

Duncanopssamia axifuga

Echinophyllia aspera

Echinopora gemmacea

Echinopora horrida

Echinopora lamellosa
Euphyllia ancora

Euphyllia glabrescens

Favia favus
Favia lizardensis

Favia pal | ida
Favia speciosa

Favia veroni_

Favites abdita

Favites complanata

Favi tes f lexuosa

Favi tes halicora

very-common and widespread - -- -- -
common, forms big knobby colonies

common

uncommon

very common and widely distributed

common

rare, recorded from Ayling’s specimens, not seen
by Veron

very common and widespread

uncomon, very distinctive

uncommon, very distinctive

common

uncommon, forms large colonies

common

rare

uncommon, distinctive

uncommon

uncomon or patchy

rare

uncommon

“Lr
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Favites pentagona |,

F a v i t e s

Fungia fungites
Fungia paumotensis

Fungia repanda

Fungmp | e x
Fungia valida
Galaxea astreata
Galaxea fascicularis

Goniastrea australensis

Goniastrea fawlus

Goniastrea palauensis

Goniastrea pectinata

Goniastrea retiformis

Goniopora columna

‘Goniopora djiboutensis

Goniopora lobata

Goniopora minor

Goniopora stokesi

Goniopora stutchburyi

Goniopora tenuidens

Heliofaugia actiniformis
Herpolitha | i m a s

Hydnophora . exesa

Hydnophora pi losa

Leptastrea pruinosa

Leptastrea purpurea

Leptoriaphryqgqgia

Leptoseris mycetoseroides

Lobophyllia hemprichii

Merulina ampliata

Montastrea annuligera

Montastrea ‘curta

Montastrea magnistellata

Montipora aequituberculata

Montipora crassituberculata

Montipora fol iosa

Montipora grisea

russelli

‘rare S " a
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very common ' .

very commony -
common e S
very commaon
uncommon
common
common
very common, forms very large colonies
probably common

uncommon

common

uncommon

common

common, has large oral cones

common, forms flat sheets

common

p a t C h y

rare, from Ayling’s specimens, not seen by Veron
uncommon

common, forms large colonies
rare

common in some areas

very common

rare

common

common o
rare | o
‘patchy a
common or patchy |
very common

rare

uncommon

rare ‘ .
common, colonies small L - :f
uncommon | |
uncommon, colonies small .-

probably rare




Montipora hispida

Montipora hoffmeisteri

Montipora informis

Montipora nodosa

Montipora spumosa

Montipora stellata

Montipora undata

Montipora verrucosa

Moseleya latistellata

Mycedium elephantotus

Oulophyllia crispa

Oxypora |acera

Pachyseris rugosa

Pachyseris speciosa

Pavona cactus

Pavona varians

Pavona venosa

Pectinia lactuca

Platygyra daedalea

Platygyra lamel | ina
Platygyra pini

Platygyra sinensis

Platygyra verweyi

P lerogyra si nuosa

Pocillopora damicornis

Podabacia crustacea

Polyphyllia talpina

Pori tes annae

Porites lichen

Pori tes [utea

Porites mayeri

Psammocora contigua

Psammocora profundacel la

Psammocora superficialis

Psammocora Sp.

Psuedosiderastrea tayamai

Sandalolitha robusta

~102~

very common

uncommon, cryptic

rare

common

uncommon

very common and widely distributed
uncommon

uncommon

from Ayling's specimens, not seen by Veron

from Ayling's specimens, not seen by Veron

very common
common at one site only

very common

rare - from Ayling’s specimens, not seen by Veron

uncommon
very common
very common and widespread

common

uncommon

common

common

identification doubtful, rare

rare

common

common

common

common

common, lacks distinct colouration

very common, forms large colonies
common, colonies become columnar
patchy

uncommon

patchy, forms unusually large colonies
common, upright flattened branches.
previously recorded from eastern Australia
uncommon, distinctive

uncommon

a1
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Seriatopora hystrix

Stylocoeniella guentheri

Stylophora pistillata

Symphyllia agaricia

Turbinaria bifrons

Turbinaria conspicua

Turbinaria mesenterina

Turbinaria patula

Turbinaria peltata

Turbinaria reniformis

common in isolated patches
uncommon, cryptic Y

common, forms unustally fine branches

rare '

uncommon

the most common Turbinaria

rare
patchy .
.common A —
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THE FRING NG REEF PARADOX: OPPORTUNITIES AND CONSTRAI NTS

|.M Dutton and C. L. Baldwin
Research and Monitoring Section
Great Barrier Reef Marine Park Authority

ABSTRACT

The fringing reefs of the Great Barrier Reef Region are amongst the
most biologically diverse of any of the reefs of the Great Barrier
Reef Region. That diversity and other attributes, particularly the
accessibility of these reefs provides many opportunities for human
use, and yet, paradoxically, also imposes many constraints on use.
This paper discusses the attributes of fringing reefs, their uses and
how these interact in terms of development constraints and
opportunities. The paper concludes that with further vertical and
horizontal integration of existing approaches to planning and

development of fringing reefs, the opportunities they afford for a
wide range of uses, could be optimised.

| NTRODUCTI ON

"among hany who visited a "Geat Barrier Reef" island resort, the
Reef's image waned when they were confronted with the practical
difficulties of getting to see or learn sonething about the reef .....
Unless they had the good fortune to choose Geen or Heron Island they
found that the Reef could be up to 40 arduous mles by boat, if the

tide was right. If it wasn't, they had to 'be satisfied with aglimpse
of a "fringing reef" near their reSort froma glass boat."

(Ww. Franklin, in an address to the workshop on Tourism and the G eat
Barrier Reef, Mackay, 1979)

Fringing reefs are seemingly among the more enigmatic natural features
of the Great Barrier Reef Region. For example, some scientists have

noted (e.g. Steers and Stoddart, 1977) that they are the simplest of .

the three main reef types while others (e.g. veron and Pichon, 1976).
have recorded their benthic fauna as being the most diverse anywhere
in the Region. Similarly, fringing reefs may be highly attractive,
although in many cases (e.g. Cape Tribulation reefs) the prevalence of
turbid conditions may restrict reef viewing. Many other contrasts
could be drawn.

The distribution of fringing reefs within the Region is much less
anomalous, with two principal areas of distribution described by
Hopley (1982) - mainland fringing reefs and island fringing reefs.
The mainland fringing reefs occur intermittently along the coast
between Cape Conway (near Proserpine) and the Daintree River. ‘North
of the Daintree, they are more continuous, although there are still
significant areas of coastline (particularly near river mouths) where
no reefal development has occurred. The island fringing reefs display
similar variation both geographically and in terms of local
development.

The fringing reefs of the Great Barrier Reef Region are used
extensively for a range of ‘activities. The predominant uses are those
associated with recreation and tourism. This is reflected by the
historical development of tourism infrastructure in the Region, where
the accessibility of fringing reefs made them ideal focii for offshore
tourist development.
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In recent, years, particularly since the advent of high speed catamaran

services

to the outer reefs, the range of reef oriented recreational

opportunities offered have been greatly increased, possibily ‘resulting

in a decline, in 'the recreational’significaqce of fringing, reefs to=
ists. As later sections of this paper point out, , however,
fringing reefs remain a ‘very important setting for a range of uses. A
challenge ‘facing both ‘managers. and operators, is to ensure that. the

tour

opportunities

afforded by fringing reefs are maximised while ensuring

that those uses do not diminish the qualities of the resource on which

-they

are based.

ATTRIBUTES OF FRINGING REEFS

Fringing

reefs occupy, a particular niche within ‘the broader spectrum

of Great Barrier Reef resources. Their wide distribution, high level”
accessibility ‘and diverse biophysical attributes combine t o
facilitate a wide range

of

the mid-shelf platform
local variation in terms
assessment of

section of fringing reef,
relative significance of key attributes such a,s:

(a)

(b)

(c)

i:”(d) ’

of potential uses. However , unlike many of

reefs, fringing reefs tend to exhibit,marked
of their in-situ attributes. Thus inany
.the development potential of a given fringing reef, or °

some assessment -should be made of the,

Geological structure - the variable evolution of many .f:ingir_xg
reefs as noted by Hopley (1982) may be an important factor’ in
terms of influencing:

) the topography of the reef - e.g. steep windward slope,
the composition of the reef - e.g. depth to rock, and

the geological

history of the ‘reef -~ e.g. influence of

sea-level variations.,

Geomorphological P

the ongoing growth of  fringing reefs. Important,

rocesses - many factors combine ‘to affect

geomorphological processes include:

erosion - e.g. stability of the reef structures,

sedimentation
and
zonation = e.g.,

- e.g. 1infill/burial of surface features,

variations in processes in different areas

of a fringing reef.

Meteorological -

fundamental influences in the development, maintenance and'

climatic conditions and processes are

attractiveness of fringing reefs. Important, elements includé: -

temperature
temperatures on

rainfall - e.g. effects on reef flat biota ofi'ntense

downfalls (and
cyclones - e.g.

‘Oceanographic -
maintenance and use.

currents - e.g.

-e.g. the limiting effects of low
some coral species,

subsequent lowered salinity), and
potential for disturbance/past influence .

oceanographic processes are ‘another,’

fundamental’, inf luence on fringing reef, development,

Important elements include:

BN

speed and direction,

tides - e.g. height and  variability, and

waves =¢e.g.,
aspect/exposure.

height,, period and variability, relative to
‘i"‘

'
) N

i
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Biological - the ecological patterns and processes prevalent
on fringing reefs are often quite distinct from those
associated with other reef types. This in turn affects their
development, functioning and relative attractiveness. Major
elements to be considered include:

' biological community - e.g. algal/coral cover,
productivity - e.g. growth rate and seasonality, and
dynamics - e.g. variability in recruitment.

Resilience - the ability of an ecosystem to recover from
impact or perturbation 1s a complex question, but one which
may be vital to management of an activity in a particular
setting. Various studies have shown fringing reefs to be
resilient to the extent that their communities are capable of
adjustment to highly variable environmental conditions. In
considering the resilience of any fringing reef community, the
major question faced by management is whether a proposed
activity will affect the ability of the community to recover.
Account  should also be taken of the time scale(s) for
recovery.

Accessibility - Accessibility is regarded as an important
distinguishing feature of fringing reefs. Pigram (1984 notes,
however , that recreational access implies much more than mere
mobility or a tourist’'s technical capacity to reach a desired
site. It is related to that space which the potential visitor
perceives as available or attractive for recreational use.
Factors influencing visitor perception include:

comfort/safety

attitudes/past experiences,
information levels/awareness, and,
social/legal conventions.

chlerd important ~ factors for both recreational and other uses
include:

. the setting of the fringing reef (see (i) below),
proximity to centres of demand, and
ease/convenience and cost of access.

Management - the management regime for fringing reefs in the
Great Barrier Reef Marine Park is complex, Nearly all of the
fringing reefs are included in the Great Barrier Reef Marine
Park. These reefs lie within both Commonwealth and State
Government jurisdiction. The predominant management technique
currently applied by both Commonwealth and State agencies (or
under development) is zoning. This involves a “strategic”
scale planning approach, supplemented as necessary by other
development controls (e.g. permitting of activities)

Hinterland - the nature of land use adjacent to fringing
reefs, or wuses in catchments which may affect fringing reefs
may be important influences on the development, maintenance
and use of those reefs.

£l
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‘Some important considerations include:

the physio-chemical ?athways for 1nfluence, e .g.point/non-
point source run of '

the land use settlng of the’ fringing reef, e.g. whether the
fringing reef is a barrier to a mainland/island site, or
whether e.g., ,a coastal land ‘use affects the relative
attractiveness of the reef, and ‘

the level of demand for fringing reef-ba'sed or ori’ented,
activities from adjacent areas ?e.g. tourist resort). ‘

Competition between uses - fringing reefs are characterlsed by .
a range of resources and thus, are attractive ‘for a range of

uses. The ability of potential uses to coexist and/or
separately exploit particular resources depends ' on
considerations such as: ’

the ‘resaurce. requirements of, the "~ use = e .g temporal

aspects especially,

the “sustainability” of the use’ - eg level of

extraction/consumption, and !
the intrinsic requirements of a use - e.g. ability to
‘tolerate other uses.

"USES O FRINGNG REEFS

The ten attributes discussed above are indicative of the, complexity of

factors

which must be considered in any assessment of the suitability

of fringing reefs for a range of uses. That same complexity also

Serves

to explain the wide diversity of uses of fringing reefs. Data

on demand for most uses is limited. However , the followingare
, regarded as major historical or present uses of fringing reefs in the
‘Great Barrier Reef Region:

fishing, both recreational and commercial, is widespread
on fringing reefs in the GBR region, particularly those
that are highly accessible from major mainland island
centres (e.g. Geoffrey Bay, Magnetic Island).

coral, shell and aquarium fish collecting occurs on a
range of fringing’ reefs,. although data on historic/present
levels is limited. {

mariculture - in recent year's increasing attention has
been paid to, the potential for mariculture in some
fringing reef locations. The principal species of

interest at present are three species of giant,clams
(Tridacna’ gigas, T. derasa and Hippopus hippopus).

mining and the recovery of minerals, which is prohibited
within the Marine Park, although hlstorlcally, a range of
developments mvolvm% removal 0 f reefa’l materials” for
construction purposes has occurred.

dredging in the immediate area of fringing .reefsis

limited in extent, .and now subject to’ , permission.
Permission iBow also requi red to dump dredge spoil,
although it is <claimed thpt historically; spoil dumping
may have adversely affected some fringing reefs .(e.qg.
Smith,1978).
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recreation and tourism use of fringing reefs in the Region
Is extensive and includes both active and passive uses.
There is considerable variation Iin the extent to which
tourism operations make use of fringing reefs. Some reefs
form an 1mportant component of the recreational attraction
of particular tourist operations (e.g. Fitzroy Island),
while other reefs provide an incidental setting to tourist
activities (e.qg. Dunk Island). The increased
accessibility of offshore platform and barrier reefs in
recent years may also have 1led to a decrease in
recreational attractiveness and hence usage of some
fringing reefs, although inadequate data exists to assess
the extent of that change.’

conservation of fringing reefs in the Region in terms of
habitat protection/preservation is now provided for in the
context of the zoning plans for the Great Barrier Reef
Marine Park and through complementay State Marine Park
zoning plans.

use of fringing reefs for educational purposes is
extensive, although, like tourism and fishing, data on use
characteristics and levels is limited. Educational uses
include occasional and regular excursions to selected
reefs (principally near major mainland centres) and in the
case of Orpheus Island, permanent facilities have been
established for educational/research activities.

research use-—of fringing --- ree.f s tends to be _ _highly .
variable. This is highlighted by the lack of data on
fringing reefs in the Great Barrier Reef Region generally.
In recent years, research effort on some island and
mainland fringing reefs (e.g. Cape Tribulation) has
increased in response to perceived threats from hinterland
activities.

waste disposal is a minor activity impacting fringing
reefs which may be locally important, and consists

predominantly of outfall releases of sewage and
;l)(!ant/process wastes, and of dumping of wastes such as
itchen scraps. These activities are subject to

permission under the Great Barrier Reef Marine Park
Regulations.

use of fringing reefs for anchorages is extensive, and
includes random anchoring, set moorings and limited boat
channels and harbour works. These activities often
prevail where fringing reefs are an attractive setting for
cruising activities (e.g Butterfly Bay) or to facilitate
access to island/mainland locations.

“aesthetic” uses of fringing reefs include
protection/reservation of areas for amenity purposes.
Théy are rarely overt, although care is often taken in

siting  facilities to ‘take account of the value of
protecting/enhancing the visual amenity of a fringing reef
setting (e.g. Hayman Island resort development).

we
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SUTABILITY O FRINGANG REEFS

As indicated above, the suitability of fringing reefs for particular
uses is highly variable. There ~are many factors which need to be
taken into account in assessing suitability. One method of assessing
suitability is to define how resource attributes may affect a use in
terms of whether those attributes represent a constraint or an
opportunity.

Table 1 outlines a broadly-based matrix approach where some key
attributes and wuses discussed previously are assessed in terms of
whether the interaction represents a constraint, or an opportunity, or
a combination of both. The table reveals the varying extent of
influence of- various attributes on different uses. The table is too
broad in scope to be applied to specific developments or reef

settings, however, it serves as a broad guide to the types of
considerations which must be taken into account in planning for use of
fringing reefs. The table also indicates that, in many cases, an

attribute may rrepresent both a constraint and an opportunity, This
apparent paradox is largely explained by the variable requirements of
different uses and by the “simplistic design of the matrix. The matrix
thus has only limited practical application to development planning
for fringing reefs as it does not identify specific aspects of an
attribute which may influence the interaction, nor does it specify the
relative strength/influence of any interaction. 3

The matrix therefore underlines the need to apply appropriate
development planning techniques to clearly elicit the type and

strength of interaction&

Despite the above Ilimitations, the matrix is a useful basis for
comparison of use/resource interactions and provides a framework for
more in-depth analysis by identifying key interactions and
uncertainties. Kenchington and Hudson (1984) outline a range of

further analytical techniques appropriate in this context.
RECREATI ON/ TOURI SM EXAMPLE

An illustration of how the matrix can be applied to assessment of
recreation/tourism uses of fringing reefs is set out below. 1Itis
clear from this illustration how the ten factors which are constraints
can also be opportunities.

1. As indicated by Hopley and Partain (this volume), there is a
diversity of geologic structure in fringing reefs. This can provide a
variety of recreation opportunities. A wide exposed reef flat may be
appropriate for reef walking and shell collecting (such as on Middle
Island reef near Bowen). However, the opportunity provided by that
type of structure could be a constraint to a semi-submersible
operation. A reef with a steep drop-off such as in the Palm Island
roup . would provide a better opportunity for a semi-sub operation,
roviding excellent views of coral.

2. Certain geomorphological processes can provide constraints to
long-term deveiopment or use of a fringing reef. i a fringing reef
is prone to erosion or sedimentation, 1t may not be a reliable venue
for a tourist operation.

3. A good example of the paradox of opportunity and constraint is
revealed in meteorological conditions. The relative safety and
shelter provided by many fringing reefs, also means that they are
located in areas that are prone to c?/clones and a rainy season that
can limit the viability of a commercial operation.

¥
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‘certain activities at the’same jtime every day. |
In this ‘respect, most successful tourist operations have found that
scheduling activities. From a design point of view, floating pontoons

and, stinger nets may be more successful than more rigidly engineered
.structures.

4. Oceanographic, processes such as tides,” demonstrate the variation
in  opportunity available, for different activities, depending on the
tide n . the same reef, one may enjoy snorkelling and water skiing”

.. during “one. part, of the day, but ‘reef walking during another, when it
i s low tide. However, the constraint is that because,tides vary daily
and ‘seasonally,, one cannot. count on consistently belng able to do,

. they need t o offer a varietyof activities and to be flexible in

5. Biological processes such as the type of algal/coral ‘cover and’ |

seasonality of growth can have a major impact on recreational use.’
‘Most tourists, have a greater appreC|at|on for coral than for algae.

If a massive algal bloom is anticipated at’a certain time each year,

this may be a constraint. On the other hand,.as Colfelt.(this “volume)

- mentioned, through educating the public to appreciate al?ae or: that

“dead” reef flat, , this could be turned into an, opportuni

6..The relative resilience (or ab|I|ty to recover) of fringing reefs
‘to variable environmental conditions’ means that they can offer a.
‘consistent opportunity in many way's. At reasonable: levels, frin ing
- reef corals can cope occassionally with lowered salinity which follows
rainfall and the run-off from coastal streams. . Simi arI?/ they can
clear reasonable ‘levels of silt which’'settles from coastal ‘run-off.
But when frin%ing reefs become covered with a blanket of silt, they
provide a surface more suitable for plants than hard corals (Hopley,
1985). In this respect they are more susceptible to long-term or
chronic “damage” from siltation or pollution. One could suggest, that
they have adapted to cope with natural variation impacts rather than
man-made impact.

' An inherent characteristic of fringin? reefs is their general
acceSS|b|I|ty to the coast and consequently,

proximity’ to ‘centres of recreation demand.., The ease and cost of
access, = perception of safety and other user requirements will
deter'mine the degree of use. With a trend in tourism of ‘expanding
into, many places previously considered”wilderness, accessibility may
become less meani’'ng’ful., ‘The resort lodge recently constructed at the
.top of Cape York.means that previously inaccessible fringing’, reefs are

mainland frlnglng reef in the Cairns Section that was inaccessible at'.
the. time,

8. To an average user, the system of management of the Great Barrier .

Reef Region is |ncred|bly complex, involving_a ‘number of different

'agencles a n d possibly a number of different zonings. 'The complexity -
of management and necessary restrictions may be viewed as a constraint ]

in many’ cases thejir

now more accessible. The zoning of frlnglng’ reefs off Cape..
. Tribulation took account of "the fact that it was ‘the only si zeable

by tourists and recreational users. The opportunities that management
“provides,

however,

for interpre’tatidn, education and better

conservation of the resource must outwelgh the’ constraints. Management
must be appropriate to the reefs'and their .use and to their users.

, o
9. The, hmterland offers physical support,, to use of fringing reefs by
the, development of tourist infrastructure. It also places stress 0N

the fringing reef, environment,‘in different ways, from potentlal

-‘disposal to |ncreased VISItOI‘ impact

1 L C [

waste y'
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10. Depending on the size of the fringing reef nost tourist uses can
coexist with other uses with little problem Conflicting uses such as
seapl ane landings near areas used for snorkelling, can be resolved by
proper management. Mariculture is _an exanple of virtually exclusive
use of a part of a fringing reef. This would not necessarily have to

conflict with tourism however, as an opportunity could be provided for
education/interpretation on some nmariculture operations.

It can thus be seen how factors affecting the suitability of fringing
reefs for tourism can be paradoxical.

RESOURCE OPTI M SATI ON

QG her papers at this workshop will discuss resource-use interactions
in nore detail, and techniques for optimsing those interactions.
Many such techniques exist, at all planning |evels. Appropriate to
this discussion ~are those techniques which seek to maxim se
opportunities and mnimse constraints.

Table 2 below sets out three categories of techniques within three
planning levels as exanples of methods for achieving optiml use while
mnimsing potential disbhenefits. Such techniques nmay be applied by
overnment or industry or, ideally, both (according to factors such as
ocation, nature of” use, ability to control and notivation for
i nvol vement).

Table 2: EXAMPLES OF TECHNI QUES FCR OPTIM SING USE OF FRING NG REEFS

TECHNI QUE

PLANN ING___ _ __. . .. _Direct  _ |ndirect _Site
LEVEL Regul ati on Regul ati on Management
Strategic (Regional) Zone Use Inform Users Restrict

Activities
Devel opnent al Management Plan  Alter Setting Restrict Use
(I ndustry/ Area) Density
Site (Local) Control  of Signage Focus Use

facilities

Effective inplementation of the techniques set out in Table 2 requires
a consistency of aﬁproach betwen planning levels and the type of
technique within each level. Horizontal integration is particularly
inportant, as there is considerable interdependence between activities
and fringing reef settings and hence, the types of opportunities
provided to users. Pitts (1985) has discussed this interdependence in
terns of the recreational opportunity spectrum (RCS) ceneepit. The ROS
concept 1Is based on the premse that _there IS a continuum of
opportunity states ran%ng from what Pitts terms 'nodern' to
"primtive" setting. igure 1 depicts the continuum using
appropriate reef examples.

-
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While the ROS concept i,s not overtly used in planning for the
conservation and development of the resources in the Great Barrier
Reef Region at present, its rationale and f ramework appears to be
highly appropriate. to optimising recreation and tourist “use of
fringing reefs., The ROS concept is based on ‘the premise ;that quality
in outdoor recreation is best assured through provision of a diverse
set of opportunities. Clark and stankey “(1979) note that to achieve
this, the spectrum offers a framework within which to explicitly vary
situational attributes (access, density, etc) to produce different
settings.. From these. settings, recreationists participating in
different kinds and styles of activities derive different
satisfactions and, ultimately, benefits. The technigue thus accepts
and systematically provides for diversity, thereby ‘mirroring. the
characteristics of fringing reefs, as discussed previously.

Table 2 also illustrates that vertical integration between planning
levels is also desirable if the opportunities afforded by fringing
reefs are to be realised. Achievement of this inte’'gration is

complicated by factors such as the division of jurisdiction, the’
nature of the use(s) and the motivation/requirements of developers and-

users. It is, however, likely that as the strategic framework for,

planning of the resources of the Great Barrier Reef Region is’
completed “through development and implementation of various zoning
plans, then both managers and developers/operators will be able to
“fine tune” other planning levels.

CONCLUSION

Fringing reefs _are among the most diverse of the resources of .the
Great Barrier Reef Region. In seeking to maximise the potential
benefits of the uses of any particular fringing reef, careful
assessment needs to be made of the attributes which contribute to' the
overall use potential of that reef.

Current planning and management methods recognise this need in part,
b?/ taking account of relevant attributes in the preparation of zoning
plan, in the formulation and review of development proposals and in
the operation of existing ventures. It is suggested, however, that
with further attention to vertical and ‘horizontal’ integration of
plannin% and development, the opportunities afforded by fringing reefs
could be further optimised.
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‘PRIMITIVE’
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Overnighting on a
cruising yacht anchored
alone in an isolated

f
Overnighting"[ with 20 others
on a mother-ship moored in
a lagoon and jserviced daily
by a seaplane: from the
mainland

FIGURE 1: THE concerT OF

| —
lagoon
Description
Opportunities for self reliant

recreation in a natural
environment away from the
sights and sounds of people
and direct management
control. A high degree of
challenge and risk.

Opportunities for recreation in

the company of others but in an
environment that is still largely
isolated from-the sights and
sounds of people and obvious
human intervention. Basic facilities

are provided and some on-site

management controls are
necessary.

tHE RECREATION OPPORTUNITY specTRUM

‘MODERN’

_ permanently moored in a

Overnighting with 400 others on
a floating hotel and casino

lagoon and rising six storeys
above the water

‘Opportunities for organized
recreation in a ‘resort’
environment. Although the
natural backdrop remains, use
levels are high, sophisticated
facilities are provided and obvious
on-site regulation of use is
necessary.

Source:.Pitts (1985)
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Introduction | ‘

" This paper déécribes thé scope. and scale of reef fishing acffvity énd |
| ooks at some of the management rules 'under which those fisheries' are
conduct ed. It nmakes the case that fisheries law is managing
adequatel y. As a corollary it shows that other managenment regimes
imposed in this area are too wide in scope and downgrade fisheries use

of the reef area in ways which shoul d be considered quite unacceptable.

In the description of reef fisheries and their management the whole
basis of present fisheries controls recognizes the ®common property"
nature of the reef resource. - we all own it and we thus all have a
responsibility to and for it. Further, fhe priorities for managenent
seek to balance the needs of different users within the. overriding
constraint of Conservation. This way -the overall benefit of the
resource to society in'general is maintained and the level to which
exploitation of sustainable populations may be allowed is established.
It will be enphasised |ater' how some current management regimes inposed
on the reef area work to the detriment of fisheries, by |eaning far too

heavily towards the conservatism of the mpreservationistn®.

This submssion not only describes the fisheries but outlines
managenent programmes already in place. In this process nanagement and
the nature and scale of fisheries will be put in focus and a plan for
more  rational nmanagenent of the reef with respect t0 its fishery
conponent present ed. It highlights the fact that fisheries law: is

managi ng the fishery to, the maxi num extent achievable « further

iIncursion is not only' not desirable but counter productive.




-118-

The Management Function

The philosophy of management starts with the basic premse that
fisheries populations are a "common property resource", which by
popul ar acceptance inplies that access is open to the comunity at
large, and acknow edgement that this resource nust be conserved. This
is the role of fisheries nanagement. 'But with a "common property
resource" such as fisheries, the priorities for management, should
define a focus anmong issues such as maximsation of people's enjoynent
of the area, economc yield and species and environnment preservation.
The function of fisheries nmanagenent is a conbination of these factors
- to balance the needs of different users of the resource, within the
overriding constraint of conservation, in maintaining and enhancing the

overal | benefit of the resource to society in general. Consequently,

expl oi tation of sustainable populations i S <acceptable forsocial—and

econoni ¢ reasons.

When considering fisheries managenent in relation to the reef region
under the present overriding influence of Geat Barrier Reef Mrine
Park Authority law, people exploiting the resource may be classified
either as "takers® or "preservers". The followng outline summarizes
the sectors within the ntakers" category and illustrates the measures

adopted in managenent of each sector.

Fishing Activities

Mteawl i ng

The traw sector which targets prawns and scallops with bugs and fish

by-catch, is purely comercial and conpletely outside the reef
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envi ronment . O' 1 300 trawers licensed to operate in Queensland
vaters,,', approxinmately four, hundred, worth over $100 million, derive
income solely from the reef region, and a reasonable estimate, us'i ng
incone and out put multiplier anal ysis, can be nade of the val ue to

society of this sector, and this will be discussed |ater.

A typical 15-16m vessel woul d tow 3or 4 nets, carry 10-15000 |itres
of diesel fuel, with a crew of two plus skipper, capable of working
rough weather up to 30. knots. Snap freezing with dry refrigeration
processes tiger, king and endeavour prawns to a very high quality ,
standard for export and, local consunption and an estimated 20 tonnes
woul d be landed in a good year worth approximtely $300 000 at t odays’

prices.

And yet,trawling iS prohibited in all Mirine Park Authority 'Zones
except Ceneral Use A Under fisheries law, this sector is strictly
regulated 'under a tight management regine. The control neasures
adopted include limtation of vessel length to a maxinnum 20m, gear
restrictions, freeze on licenses, and linmted entry. To become Master
Fishermen, trainees are required to conplete a 3 year apprenticeship
and an accredited training course, an integral part of. which is
principles of fisheries management. Mninmum size regul ations have been
adopted in the scallop fishery, and nursery or stock repleni shnent

areas have been declared closed to-all traw ing.

Thus it is evident that the framework exists to manage this sector

Wi thout the need for wide-scale prohibitive zoning.
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The reef line fishery targets a relatively small nunber of species

including coral trout, enperor species (including sweetlip), and
Wr asse. Approximately 150 commercial fishermen work the reef as a
major part of fishing activity. A typical "reefie"™ works 2-3 week
trips, does 8-10 trips a year, refitting over Decenber/January. He
uses a dry freezer, and markets fillet packed in 2kg-10kg boxes. To
this we should add the small nunber of non |icensed amateurs (30-40)
who take substantial amounts, although it is estimated that a large
number (approxi mately 200) of non-licensed fishermen sell some catch

The total catch from this sector would probably have a value of $15

mllion at the boat. At this stage there are no restrictions on
recreational fishermen other than to control sale of fish caught which
are excess to personal requirenents. The facility does exist, by way

of permt, to allow nuch sought-after product to reach the market

t hrough commereial channel s. This provides a measure of quality

control and a systemfor nonitoring the extent of selling by amateurs.

The commercial sector is restricted by limting vessel access to the
fishery, and both sectors are subject to fishing gear restrictions and

mninum size regulations

The pelagic fishery targeting principally mackerel, ranges from Branble

Cay in the Torres Strait to the NS W border, and the sane managenent
principles apply as in the denersal fishery. It is estimted that sone
40 fishermen use this as their mgjor fishery although nost |icensed
fishermen will bait a line at one time or another. Recreationa
fishermen are restricted in sale of product and commercial fishermen
are restricted by vessel entry into the fishery thus providing a sound

flexible framework for nonitoring the industry and amendi ng regul ations
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as the situation demands. As'with the line 'fishery, the pelagic sector

'is subj ect to gear restrictions and m ni mumsize' regul ations.. b

The marine aquarium fish collecting industry

Until recently, this sector has not been widely exploited. However
donmestic demand has increased dramatically and the marketing sector of

this industry <believes this will be sustained. Wth the recent decline

-in the value of the dollar, exports of our native marine aquarium

species are nore attractive overseas, and inports from conpetitors such
as the Philippfnes are nmore expensive.. This has led to a junp in
comrercial catching activity and applications for pernmts to batch
prof essional | y. Catching is usually in water to 1012 netres and.
targets the colourful small specinens of the reef. The yield fromthis
fishery could be of the order of $6mllion annually. However, a few
species are highly prized overseas and valued accordingly. The
consequent pressure and targeting of these species in readily
accessi bl e areas may affect population distribution, and this aspect is
under  examination. Commercial operators are restricted by permt
requirements and gear restrictions, and at this point, 56 permts have

been issued.

The permit System also gives us 'records of catch. The nmjor species
targeted are: angel fish, chaetodons, wrasse, danselfish, anemone fish,

trigger fish, surgeonfish, and various small species of shark and ray.



-122-

Coral, shell grit and star-sand collecting

These activities are grouped together, for management purposes as the
material involved is of hiological origin. This .is classified as a
devel opment industry. As such, commercial operators are subject to a
permt arrangement and are strictly limted geographically and by

vol une.

Beche~de-mer

At present there have been five permts issued for the harvesting of
beche-de-nmer by allocation of one degree square areas in which to
har vest. From a commercial point of view the development of this

sector is unlikely, and vicki Hariott's report on feasibility would

support this view. There is no appeal for recreafional” colTectors for

this animl.

Trochus

Trochus shell, likewise holds little attraction for recreational
col [ ectors. There is, however, a comercial narket for this shell.

Effort in this sector is controlled by mninum size legislation,
m ni mum and maxi num size permt restrictions, and geographic and vol ume
limtations. At present, two permts for trochus harvesting have been
issued and there is some enquiry for extension of this effort.' Effort
in this and the Beche-de-ner fishery are strictly controlled in

recognition of a wide concern that the species are under sone threat.

-

.
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This activity, together with coral, shell-grit and marine aquarium fish
collection carries Nno restrictions if the purpose of collection is non-
comrerci al . Hobbyists, aquarists etc. are entitled to collect"’

sufficient for personal requirenments, unrestricted and unlicensed.

However; comercial'shell collecting does require a pernit issued under

the Fisheries Act.

| ssues

1. Restrictive Zoning of Fishing Activities

It becones evident, on examnation of fishing activities in the reef
region, that of the thousands of marine species identified as endemc
to this region, very few, maybe 20 species, are exploited comercially.
This nust be borne in mnd in the devel opment of reef managenent
regulations in relation to maintaining and enhancing the overal
benefit of the resource to society in geﬁeral. I't makes no sense to
prohibit the harvesting of a resource which does enhance the econom ¢
and social well-being of the overall comunity, when the" Ilevel of

harvesting does not denonstrably affect the regenerative capability of

the target species. Further, current studies are tending to confirm

the thesis that trawing in reef areas does not affect reef biota. A
distinction nust be drawn at this stage, froma fisheries perspective,
between reefs and waters surrounding them Wthin the former the Reef

Marine Park Authority has- a responsibility to oversee, managenent

progranmes since reef species 'are an integral part of the reef

ecosystem Wth the latter, it'does not. The biota endemc to the"

sand and mud environnent off the coastline and inside the Continental
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Shelf are not reef species, and consequently are the responsibility of
State fisheries agencies. And yet we see vast tracts of such waters
have been closed off to sone or all forms of fishing activity,
conmercial and recreational, depending on classification. The cost to
society of this mzone"™ philosophy is nmeasured in terns of under-
utilization of sustainable yields wth consequent financial
di sadvantage in the comercial sector, and deprivation of the
recreational sector of sport and enjoyment, which also carries a
significant financial cost, when one considers the imense economc
value of the recreational fishing sector, of which the follow ng table

is an indication.

STATISTICS RELATIRG TO SHALL BOAT RECREATIORAL FISHING 1985 PR GBS

Estinated Remgiomnal FExpenditure

Regi on e $M
GBR 52
SEQ 54
Estimated Regional Incone Generat ed

GBR 21
SEQ 14
Estimited Regional Employment Generated

GBR 1 400
SEQ 1 400

Al that is achieved by such prohibition is to deprive the market of
product and recreational fishermen of sport and/or concentrate pressure
on areas 'adjacent to the prohibited zone. If there is perceived to be
a conflict between comercial use and nai ntenance of the marine
environment ina relatively undisturbed state: Reef Awareness Areas and

Reef Research Areas would appear to satisfy the requirements of the

latter.
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2. Management Goal S

Fi sheri es management seeks: a balance 'between 'conflicting! needs. It
seens' that this laudable aim 'does not carry over to cﬁrrent r eef
managenent practice. Management of the reef region under the preseht
overriding influence of Geat Barrier Reef Mirine Park Authority |aw
classifies people who use the reef as either "takers" or "preservers",
as nentioned earlier. It seems to us that the "preservationist®™ cause
is allowed undue weight in zoning determinations. The above summary
has demonstrated the degree to which the ®takers® from the reef are
al ready subject to control. The ®preservers® are not simlarly
constrained and this lack of constraint leads to an unacceptable |evel
of exploitation. It may seema contradiction in terns to eclass
"preservers" as "exploiters" but this is not the case. .The category of
"preservers" is defined as the sector of society whose desire it is to
observe, in wunlimted nunbers, the environment in its undisturbed
state.  This is a form of exploitation, which inpacts on the region,
albeit in a different way fromthe "takers", but inpacts nevertheless
in the form of uncontrolled tranpling on the reef, uncontrolled and
over heavy diving activity on sone reef areas and alteration of
behavi our patterns through the intrusion of man etc. In the role of
bal anci ng the needs of users, fisheries managenent acts as the
interface between "takers® and "preservers®". In this context, the
ntakers" Sector has becone strictly regulated under State fisheries
| egi sl ation. In sone areas of' operation, restrictions have been
severe, alnost draconian, to ensure that the bal ance, of exploitation
and sustainable yield is maintained. It would seem appropriate for
these' concerns’ to have nore enphasis when' zones were being determ ned
and for constraints on fishing activity to receive nore bal ance in the

al l ocation.
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State fisheries agencies make use of a variety of control measures in
the implementation of management programmes. These include a freeze on
Master Fishermen’'s licences, a freeze on vessel licences, vessel size
restrictions, fishing gear restrictions, minimum size regulations,
protected species legislation, limited entry, and declaration of
fisheries reserves and sanctuaries. This is the framework for sound,
responsible fisheries management throughout Queensland, of which the
reef region is an important sector and thus fringing reefs must be
considered as ‘an integral part of the overall reef for. management
purposes. The measures available have provided the flexibility needed
to develop programmes to manage the diversity of sectors within the
umbrella of aquatic resources, whether they be barramundi or marine

aquarium fish, otter trawling or reef line fishing.

The-Commonwealth---Governmentron-the--other hand, -whilst- -adopting—a—high—--— --
profile with regard to fisheries management in the reef region, has
developed no such programmes to address the individual nature of each
fishery within the region. Management policy consists of "close Iit,

lock it up, zone it".

3. Inconsistencies in Permitted Use

In pursuit of our Fisheries Management goals , managers have frequently
to defend constraints imposed by another agency e.g. Great Barrier Reef
Marine Park Authority, and the inconsistencies in this law make this
defence difficult. Fishermen are uncomplicated people, but they are
astute at picking anomalies in application of a given set of laws and
these inconsistencies reflect on the credibility of the whole process

and are thus undesirable.




)

L7

2]

®

\Z

-127-

To cite an exanple, | refer to the classification of the Shel burne Bay

region from the coastline ‘Eo outside the outer reef 1imits. as Marine

National ' Park '15' ‘Zone which prohibits fishing in all forms, whil st
permtting, anongst other activities, construetion of nooring
facilities or marinas, establishment of tourism facilities, harbour
works, beach protection works, other works, and discharge of wastes,
from fixed structures." Zoning of this region would seem pointless, to
prohibit fishing activities within the area when the objectives of the

Zone have been conprom sed by permtting the above activities.

-~ To illustrate the point further, | refer to this table.

Table: Exanples of the inpacts of State Mrine Park Zoning on fishing and other

activities in Far Hortherm Section

ZONES
ACTIVITY GUA GUB WNPA WNPB PRES. ZONE
1. _Fishing

Trawling / X X X X
Commercial  Netting 7 / X X X
Commercial  Line

Fi shing / / / X X
Spearfishing / / X X X
Amateur bait nets / / / X X
Recreational  line

fishing ! / / X X
Crabbing /. / / X X

2. Selected Qher

Activities

Maricul ture / / / X B ¢
Tourist

Devel opment / / / / X
Educat i onal

Devel opnent / / / / X
Harbour ~ \Wrks / / / / X
Marinas  (private) / -/ / / X
Dredgi ng(private) / / / / X
Recl amat 1 on / / / / X

/ = . Approved activity or activity which can be permtted by a respon

authority.
X = Not permtted
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Trawing, Wwhich constitutes the major economc comercial fishing
activity in the reef region, is permtted only in General Use A Zone,
and all forms of fishing are prohibited in Marine National Park B Zone.
Hwever, all other activities listed are permssible, many of which
woul d affect the natural resources of the area far nore than fishing.
It woul d appear strange that the major activity in the reef region in
terms of social and economic benefit derived from the resource, i
prohibited in large tracts, but devel opment of any tourist facilities,
marinas, dredging, discharge of wastes etc. are permtted, wth

permssion of the responsible agency.

By way of conparison, this table outlines State legislation in relation

to fisheries managenent and protection.

S 1

Table:  Exanples of the inpacts of State-declared Reserves and Sanctuaries on

Fishing and_other activities

ACTIVITY WETLAND FI SH HABI TAT FI SH
RESERVE RESERVE SANCTUARY

Fishing Activities

Qter Trawing / / X
Commercial Netting / / X
Commercial line fishing / / X
Spearfishing / / X
Amat eur bait netting / / X
Recreational |ine fishing / / X
Cr abbi ng / / X
Marine Aquarium fish collection / / X
Selected Other Activities

Maricul ture X X X
Tourist devel opnents X X X
Educational devel opnents X X X
Har bour Wrks X X X
Marinas  (private) X X X
Dredging (private) X X X
Navigphtaun Channel maintenance / / !
Recl amat i on X X X
Di scharge of wastes X X X

= permtted
not permtted

X~
|
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It is evident from this table that, where environment; marine life,
breeding grounds and stoek‘rrébpllenié‘l‘nment;areaél;requi're protection, this
is achieved. No, commercial” developfﬁent is allowed =« no tourist
developments, marinas, private dredging or airstrip construetion, Nno
discharge of wastes. Fishing activities are permitted where the
objectives of the reserves are not compromised and the activities are
controlled by minimum size regulations, gear restrictions etc. No

activity of any description is permitted within fish ‘sanctuaries. A

permit may be issued by the Minister for some of the above "not
permitted” activities only if it is considered that the activity is
necessary or desirable for the preservation and proper management and
in an applicable case the public enjoyment of the area. An example
would be construction of a public boat ramp or jetty. Private
development requires revoking of the sanctuary or reserve by the

Legislative Assembly, which is the most watertight control possible.

Responsibility for Fisheries Management

The community has accepted in’ principle the concept of "user pays® in
‘relation to the provision of Government services;“ Thié concept rﬁakes’
the particular Government Agency more accountable to the section of the
community which utilizes these services and pays for them through
permit fees, 1licence fees, inspection fees etc. ‘Thus, the costs of
implementation and enforcement of management programmes are offset by
the” community making use of the ‘resource. In the present situation“of

multi-Departmental responsibility for fisheries management, the

-duplication of costs to the community could be avoided, by the

administration of all fisheries related matters by one fisheries

management organization. | "
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It is accepted that. an industry of such diversity, of such economic
importance to Queensland and Australia, will have internal and external
conflicts. However there exists within the State the management
framework to address all issues as they arise, and these issues. are
resolved in consultation with all interested parties, be they
commercial or recreational, political, conservationist, developers or
Government Departments.  This resolution is achieved by democratic
process, consultation and review, in keeping with the basic philosophy
of balancing the needs of resource users in maintaining and enhancing

the overall benefit of the resource to society in general.

3]
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TOURIST DEVELCPMENT AND FRING NG REEFS

Sally Driml

Research -and Monitoring’ Section

‘Great Barrier Reef Marine Park Authority

Tourism is the major commercial activity within the Great Barrjer

Reef Region and is currentlty_shpwmg impressive growth._ So, what
is the connection between fringing reefs and tourism? This paper
‘explores this interrelationship.

The focii of this paper are the two major vehicles for commercial
tourist access to the Great Barrier Reef Region = island tourist
resorts and commercial passenger vessels. Mainland fringing
reefs are not considered in order to limit the scope of this ;
paper, to something manageable but it must be noted that there, are

a number of mainland sites with current and potential recreation
importance,including Cape Tribulation reefs, King Reef and Dingo
Beach. Also not covered is private recreational use which occurs
from motor boats and yachts.,

HON | MPORTANT ARE FRINGNG REEFS TO TOURISM?

This question is’ central to the paper (and this workshop) because
if the current role ‘of fri_ngin]g.ree_fs can be established then the
potential for the tourism/fringing reef relatlonsh_lf) can be
explored. Unfortunately the question is not easily answered
given current knowledge, however this paper seeks to canvass the

issues.

Of 21 resort islands within'the outer boundaries of the Great
Barrier Reef Region, only 3 are coral cays. The remainder are
continental islands with varying degrees of fringing reef
development. =~ Thus island resort tourism is very much focussed in
locations ‘with fringing reef resources. Of the over 280
commercial passenger’ vessels operating in the ‘Great Barrier Reef
Region, around 60% operate to areas where fringing reefs are
present. The overwhelming’majority of these vessels operate in
the Whitsundays where bare boat sailing'is growing in popularity,
as are day trips amongst the islands. ‘

Al together, the availability of resort and vessel infrastructure
in the vicinity of fringing reefs provides an estimated'1.5

million visitor days per annum (800,00 on vessels, 700,000 at

resorts), or 75% of the total estimated visitor days provided by
island ~resorts and commercial pas’senger ves’sels in the Great
Barrier Reef Region in 1984,/85. (Driml in prep.)

It would be most unwise to claim that all this tourism occurs
because of fringing reefs. A number of factors combine to create
demand for tourism and facilities just as a combination of
variables govern supply of facilities.

On the demand, side, we must explore what influences people to

travel and what attracts people to holiday on the Great Barrier

Reef in particular. As with any group of people we find a
variety of reasons for their ‘destination choice.
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Underlying and determining consumers’ -travel behaviour are a
number of economic’ variables which influence the demand function
including the price of the holiday, price of other
destinations,etc. Currentl the exchange rate is affecting the
price of holidays in Australia vis a vis overseas holidays.

Why do people visit the Great Barrier Reef? Evidence from
tourists staying on resort islands is that in response to the
guestion “what were the two most imtportant features that
attracted you to this island?“, the eatures nominated were
placed in the following rank order:

Warm sunny weather
Barrier Reef

Relaxing quiet place
Beach, water activities
Entertainment

ahwNE

(Cameron McNamara 1986)

The top ranking reason has nothing to do with the Great Barrier
Reef but has everything to do with the tropical location. The
Barrier Reef does figure as the next most important attraction.
However this begs an important question - what do respondents
mean by the Reef? Do they mean the outer coral reefs, fringing
reefs or islands? Did the people answering this question expect
to see coral reefs on their holiday and did they in fact see any,?

Many questions exist as to tourists’ attitudes to and perceptions
of the "Great Barrier Reef" and some_of these are being addressed

by research currently underway, commissioned by the Great Barrier
Reef Marine Park Authority. Meanwhile we must look to the
evidence provided by reef use patterns.

That a variety of demands exists is now well established in

tourism literature. It is important to note that tourists are no
longer rouped simply by demographic variables (age, income,
etc. ) ut may meaningfully be grouped according to their
attitudes to and demands of a travel experience. This is

important  with regards to activities chosen on holiday. Within
the Great Barrier Reef Region there is a range of resort types

and activities available. Resorts show market _segmentation
ranging from the young people’s market to ‘exclusive’ executive
hideways. Day trips cater for yet other markets including less

affluent people on driving holidays to North Queensland.
Activities range from those appealing to the adventurous (SCUBA

diving,,  paraf lying) to those suited to sedate tourists
(sunbaking, reef walking).

To sumup, on the demand side there are a variety of attractants
to tourists who visit the Great Barrier Reef, one of which is the
reef itself. We must look for further evidence of whether
fringing reefs play a large or an insignificant part overall in
attracting tourists to the resorts and boat trips.

On the supply side, were fringing reefs important in decisions to
locate resorts on continental islands? Historically, many of the

island resorts have developed on islands which were previously

used for  agriculture. Location and access are obviously
important. The continental islands are generally closer to the
mainland than coral cays. Also as tourist destinations have

developed, a clustering of resorts has occurred, particularly in
the Whitsundays.
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None of this has anything to do with fringing reefs. In fact
fringing reefs prove an obstacle to boat access to some resorts.

However the bottom line is that resorts will only stay .in.

R

",

Wy
-

business if they attract tourists .and fringing reefs may have
something to do with the attraction of these island resorts.:.

* ACCESS TO FRINGING REEFS:

What of access to and activities ‘on fringing reefs? Island
resort guests and boat passengers do visit fringing reefs. The
extent to which visitors to particular resorts can access
fringing reefs varies with the extent of reef, topography of the
island, and facilities to visit the reefs. What tourists see
depends very much upon the visibility of the water. This is

-generally poorer closer to the mainland and areas of runoff, and

varies with weather conditions. The ‘aesthetics’ of reefs within
the Great Barrier Reef in the eyes. of tourists often has nothing
to do with ecological diversity but depends upon the presence of’
colourful coral and fish.

| sland Resorts

Fringing reefs may be accessed from island resorts simply by
reef walking, swimming, snorkelling, or diving from’the island.
Most continental islands have some’ coral formations with
attendant fish. Organised trips including diving courses may be
arranged, and resorts may Brovide “hardware” for viewing coral in
the form of glass bottom boats and semi-submersible vessels.

Some island resort operators prefer to concentrate on reef access
to “outer” reef sites and do not place much emphasis on their

local fringing reefs.

Bar eboat i ng

The majority of bareboat sailing (wherev\?roups hire a boat and
follow their own itinerary) occurs in the hitsundays, within the
area defined by the concentration of islands. This is an areh
rich in fringindq reefs. Bareboat parties are encouraged to visit
a. number of different anchorages. They are in a prime position

to access the fringing reefs of the area, and they do so. ,

Parties are’'supplied with information on anchorages and sites to

visit - particularly through the publication 100" Magic Miles of
the Great Barrier Reef' by David Colfelt (1985) which- has
descriptions of the locations and quality of reefs. *

Day Trips

Again the Whitsundays is the focus’ of daytrips where fringing
reefs  are important, but day trips also run to Great Keppel,
Fitzroy, Magnetic and Lizard 1slands (the latter, ‘by air). The
trips. which offer perhaps the best opportunity to experience
fringing reefs are to the underwater observatories on Hook Island
in the Whitsundays and Middle Island in the Keppel Islands. A
semi-submersible vessel is now operating on the fringing reef
around Black Island (Bali Hai) in the northern Whitsundays. The
semi-sub’ trip lasts for an hour and offers close views of this

reef. A ‘semi-sub’ was also operating on the Fitzroy Island Reef :

for some time but has been moved to an ‘outer’ reef site.

Other, trips offer opportunities to swim, snorkel and dive on
fringing reefs. ‘
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Canping Trips

Island drop-offs and “safari” trips involve visitors camping on
islands from where they may access fringing reefs. Again, the
majority of these are in the Whitsundays.

"TRENDS IN TOURI SM

Commercial tourism via island resorts and commercial passenger
vessels is growing. The tourist industry in North Queensland has
seen notable growth in the last three seasons in particular and
is becoming increasingly important in the North Queensland
economy. Some pertinent figures are quoted below.

| sl and Resorts

| n 1984/85, the 24 island resorts of the Great Barrier Reef
Region attracted 151,000 visitors who stayed 790,000 visitor
nights (Cameron McNamara 1986). The annual increase in visitor
nights has averaged 11% from 1976/77 to 1984/85 and accelerated
with a 17.5% increase in 1984/85 over the previous year
(Australian Bureau of Statistics). The current stock of rooms is
around 1600. Expansion plans in this sector are impressive with
a doubling of the number of rooms reported to be in progress or
planned. (Peat Marwick Mitchell 1986). The expenditure by
guests of island resorts was around $84 million in 1984,/85, an
increase of 33% In real terms over the previous year (Cameron
McNamara 1986).

Commercial  Passenger  Vessels

A recent survey of this industry found 280 vessels operating in
1984/85. The number of vessels operating has more than doubled
in 5 years. (Hundloe 1985). The types of services included as
commercial passenger vessel services are day trips., extended
trips which operate on regular schedules or on demand, bareboats,
water taxis, ferries and “floating hotels”.

The number of visitor days carried was estimated at 1.2 million,
and passenger expenditure was at least $35 million in 1984/85.
(Driml in prep.). Two growth areas are bareboats and large
catamarans. Bareboats are virtually restricted to the
Whitsundays where 151 were operating in 1986 (Whitsunday
Marketing Services 1986), and the numbers have increased from 52
in 1981. (McGinnity 1981)

The f'irst Ilarge catamaran was introduced in 1982 and now 15 are
operating in the Great Barrier Reef Region providing over 400,000
visitor days per annum. These vessels carry up to 300 people and
travel at speeds of around 25-30 knots. Six of these vessels
travel to platforms on outer reefs,where coral viewing is the

main  aim of the excursion. The other catamarans operate to
resort islands.

The most obvious trend in tourism, as emphasised above, is an
increase in all aspects of tourism. Fringing reefs -are important
in this context because they contribute to the attraction and
because  they may come under increasing pressure especially, given,,
the concentration of resorts on continental islands and the
boating activity in the whitsundays.
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RECREATION  TRENDS

A discernable trend in reef recreation is a trend towards nature

#appreciation. Interest in seeing the, reef itself has. been
facilitated by the introduction of technology via high speed
catamarans, ‘semi-subs’ and the proposed .floating hotel.

Attention seems to have shifted to “outer reef" experiencés which
offer clear water and attractive reefs. However the majority of
visitor days are still spent in the vicinity of fringing reefs.:

Whilst the number of people who undertake recreational fishing
continues to grow, non-extractive recreation is growing at a
faster rate. The 1980 survey of charter boats found 75% of
vessels cited fishing as a primary activity (Hundloe 198-5) while
in 1985, the proportion of‘boats involved in fishing was 55%.
(Driml in prep)‘.

Althou?h the trend toward reef based recreation has to date
generally by-passed fringing reefs and focussed on “outer” reefs,
It could be  speculated that this trend towards nature
appreciation could lead in time to a “rediscovery” of fringing
reefs. The application of new.reef access technology in the form
of ‘semi-subs’ may be a first step in this direction. Other
applications of technology and-interpretive efforts may include,,
snorkel trails, reef walking platforms, undersea tunnels, all of
Whi%h may be associated with island resorts adjacent: to fringing
reefs’.

CONCLUSI ON

A significant amount of the tourism in the Great Barrier Reef
Region occurs within the vicinity of fringing reefs via island
resorts and commercial boating. Just to what extent this tourism
1s actracted by the fringing reefs per se is.not known, and
probably never will be precisely. Coral reefs are important
amongst the number of factors that combine to make the Great
Barrier Reef Region attractive to tourists,.

Participation in activities on fringing reefs is much lower than
the estimated visitor days spent in the vicinity of fringing
reefs, indicating a potential for this, resource to be more
heavily used. Demands for use will increase if the trend for
tourism to Increase continues, as is expected. The other

potential source of increase in use is a shift in attitudes of
visitors to express more interest in learning about and
e:gFeri‘er;c_in all aspects of coral reefs.. Technological change
will facilitate increasing use of fringing reefs by making access
easier.

The potential of fringiregs as a tourist resource will be
‘realised if tourist operators recognise the demands’of tourists
for information on and access to reefs and act upon these demands
utilizing developing technology.

The long term existence of fringing reefs as a tourism resource,,
of course depends upon appropriate management of tourist levels
and impacts. The Great Barrier Reef Marine Park Authority and
Queensland National Parks and Wildlife Service have ‘an important
role to play in interpretation of fringing reefs and management
of recreational use to appropriate levels.
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ABSTRACT
Recent new data and the recognition that natural stocks of
giant clams are declining dramatically through over-fishing have
produced interest in the mariculture of giant clans. Hesl i nga
et al. at the Micronesian Mariculture Denonstration Center have
successfully devel oped extensive nmethods for rearing

Tridacna derasa, including ocean-nursery and growout culture

in a reef lagoon environnent. Research at Janes Cook University
has been concentrated on the nariculture of T. gigas and is based
at the University's research station on Opheus Island. T. gigas
is the largestand fastest growing species of giant clam and it
occurs naturally on fringing reefs, which are nore accessible

than reef lagoons in the Geat Barrier Reef region. A nunber of

biological problems for nmariculture of T. gigas have been

~ia

-overcome, including selection of brood-stock, spawning induction
and heavy nortality of the early juveniles during the nursery #

phase. In a conparison of growh and survival of T. gigas

juveniles in four positions for holding themduring the ocean-
nursery phase, the intertidal benthic position gave near maxi mum
growth rates and very high survival. A protected fringing reef

gave nuch better growh rates than an exposed fringing reef

despite greater turbidity at the former site. Initial testing of
the juvenile clams' tolerance of intertidal exposure suggests
that they can tolerate 4 hours nmean exposure per day w thout
strongly adverse effects. A mmjor research effort is now being

made to develop large-scale systens for nariculture of T. gigas ;

in the intertidal fringing reef environment. To date, the only
mariculture industry involving fringing coral reefs is with '
benthic algae and so giant clam mariculture represents a new

met hod of using this environment.
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| ‘ INTRODUCTION

Gant clans (Family Tridacnidae) are the iargest living

bi val ve molluscs. As such, they WOuid seem to be ofti.ntrins:i;c‘:
‘interest t0 narine biologists. Yet surprisingly little research.,
was done on them until quite recently and this allowed sone
popul ar m sconceptions to prevail. One of these m sconceptions
is that they are dangerous aninals: “killer clans" has'been a
popular name.  Another msconception iS that giant clams are very
| arge because they are very old (Confort, 1957). In some centres
on the G-eat Barrier Reef, tourists may be show.ﬁ a very large

l'iving specinmen of Tridacna gigas that was "here when Captain

Cook sailed past". In fact, careful measurements of the growth
rates of giant clams have shown that they grow rapidly and that
the largest species, T. gigas, grows nost rapidly (Munro and
& Heslinga, 1983). Anot her recent discovery was the degree to
whi ch giant clans, known for sonme tinme to contain synbiotic
al gae, Synbi odi ni um species (e.gd. Yonge, 1936), are effectively
phototrophic through their heavy dependence on the algae (Trench,
, Wethey & Porter, 19.81).

A further inpetus.for research on giant clans has been the
declining stocks through much of their Pacific distribution,
“including recent extinctions of the |arger species, T. derasa and
T. gigas, in sone regions (Wlls, Pyle and collins, 1983). This
has been partly from excessive fishing of their | ocal'reefs by
Paci fic peoples, for whom giant clans are part of the traditional
diet. It is also from Tai wanese fishernmen who have scoured the

')

Pacific in recent decades collecting the adductor nuscles from

s

,the. larger species (Carleton, 1984). The nore renote reef.
o . conplexes of the Geat Barrier Reef were ‘included in this

'Ta, i wanese activityuntil nore effective preventati ve measures .
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were inplenmented (Dawson, 1984, 1986)."

The findings regarding rapid growh and autotrophy of giant
clams, together with the heavy overfishing of natural stocks |ed
to the realisation that there was potential for the mariculture
of giant clams. The demand for giant clam productscoul dt hen be
supplied from farmed clams and depleted natural popul ations
repl enished. M. Gerry Heslinga at the Micronesian Maricul ture
Denonstration Center (MVDC), Palau, and Dr. John Munro, at the
University of Papua New GQuinea and then the International Center
for Living Aquatic Resources Managenent (ICLARM, were two
bi ol ogi sts who recognised this potential for mariculture (Minro
and Heslinga, 1983). John Minro initiated the International
Gant Cdam Mriculture Project, an international collaborative

program for research on giant clans, which a number 'of

institutions in the Pacific region were invited to join.

The successful rearing of the early stages of three species
of giant clams by Nancy Beckvar at MVWDC was also a crucial step
for increasing interest in giant clam mariculture (Beckvar,
1981). Subsequently, at MDC, Cerry Heslinga developed methods
for the spawning and rearing of larvae, juveniles and adults of
J. derasa to commercial size (Heslinga and Wtson, 1985).
Heslinga was able, within a few years, to take giant clam
mariculture from the |aboratory stage to potentially commercial-
scale production. He is now planning for annual productions at
MVDC of 100 tonnes whole weight of T. derasa, 6 years of age
(Heslinga, Watson and Isamu, 1986). To achieve this production
| evel requires one hectare of shallow reef |agoon.

Heslinga et al. at MWDC have devel oped |ow technology

methods for the nariculture of T, derasa. They rely on the |unar

e
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pattern of spawning in Palau and, after establishing a [large
group of broodstock in a shore-based Eank,f;awa‘it spont aneous
spawni ng. The fertilized erg(fgs .‘;‘an’d larvae ar'e then, reared
" extensively. That i's, the eggs are transferred to another tank
with coarse-filtered seawater and the resulting larvae rely, for
their feeding on natural bloonms of algae in the. static
condi tions. Water flow through the tank is resumed after the
| at e-stage | arvae have settled onto the tank floor. Unfiltered
| agoon water is supplied to the juvenile clans and at five months
of age the juvenile clans are renoved from the tank fl oor,
cutting their byssal attachnents to the tank surface. They are-.
transferred to fibreglass trays containing basalt chips. Thr ee.
to four months later the trays of 30-40nm shell length juvenile
clans are transferred from the seawater system to the ocean-
nursery in the field. The trays are covered with plastic nesh to
-exclude predators and they are placed at about 5 m depth on a
coral sand and rubble substrate in the |agoon adjacent to MDC
After two years, the juvenile clams, 100-120 mm shell length, are
large enough to be virtually free of predation and their

protective meshes are renoved (Heslinga and Watson, 1985).

MARICULTURE ON FRING NG REEFS
The mariculture technology developed for T. derasa at MDC,

Is very appropriate and successful for that species and to the

MWDC environnent, Wwhere 'protected coral reef |agoon conditions
adjoin the |and-based mariculture facility. Lagoon conditions in

the Geat Barrier Reef (GBR) are nore inaccessible. They
"general ly occur behind the reef platforns of md to outer shelf'

patch reefs. This means that, in order to use the reef |agoon

conditions in the GBR region, the ocean-nursery and grow=out
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phases of giant clam mariculture would generally have to be sited

i

wel | of fshore. This has disadvantages in terns of weather

—a

[imted accessibility, of security, and of costs in tine and fuel
for regular mai ntenance. The |and-based phases of giant clam
mariculture would be well separated from the ocean phases,
probably necessitating two staff units during the long periods of
the year when there are concurrent |and and ocean-based
activities.

These problens are overcome if the ocean-phases of
mariculture are conducted on fringing reefs adjacent to a 1land-
based mariculture facility.

The system developed at MWDC is not necessarily appl icable
to fringing reefs and . derasa does not occur on fringing reefs

in the GBR region. T. derasa seenms to require nore oceanic

conditions than—the—other—five—species in the GBR.~—In—extensive—--

it

observations in the Palm Islands, north of Townsville, T. gigas,

T. squanmosa, _T.. maxima, T. crocea and Hippopus hippopus were

commonly found on the fringing reefs, but only three specinens of
T. derasa were found, although T. derasa is comon in the |agoon
of Branble Reef, the nearest patch reef offshore from the. Palns
(unpubl . observations, JCU giant clam group).

Anot her factor against T. derasa is that it grows nore
slowy than T. gigas (Minro and Heslinga, 1983). While growth
rate is not the only criterion in selecting suitability for

mariculture, it is obviously an inportant factor.

RESEARCH AT JAMES COOK UN VERSI TY
Gant clam mariculture research at Janes Cook University
(JCU) is part of an international collaborative project funded by

the Australian Centre for International Agricultural Research
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(ACIAR). There are four overseas organi zations coll aborating

with JCU and funded by ACIAR: Fisheries Division, Fiji;

"University of Papua New Quinea; and two Universities'in the
Philippines, Silliman University on Negros Island and University
of the Phillipines at Dilliman. The Project commenced in mid-
1984 and is planned to run for three years. Concurrently,
| CLARM is involved in the developnent of a pilot hatchery for
giant clans in the Solomon Islands and results from this Project
will be inplenented at the pilot hatchery. |

G ant clamresearch at JCU has mainly focused on T. gigas
because, as outlined earlier, it is the fastest growi ng tridacnid

' speci es. However, several other species are b‘eiﬁg; reared and
studied for conparative purposes: T. derasa, T. squanpsa and

Hippopus hi ppopus. The mariculture research is conducted at the

JCU O pheus Island Research Station, north of Townsville.
The research findings will be outlined under a series of
headi ngs bel ow.

Repr oducti on

H st ol ogi cal studies of T. gigas from Geat Barrier 'Reef
waters confirm the fi n'di ngs of Braley (1984) of an annual
reproductive season wth highest proportions of ripe eggs during

sunmmer nont hs. It appears that'there may be repeated parti al
spawni ngs during sunmer. This leads to spawned-out 'animals' wth
no evidence of a second 'onset of gametogenesis during the'
spawning period. The seasonality of gametogene:s.is"n;eans t hat
induced spawnings of T. gigas for nariculture mﬁsi: be conducted

.during the.sunmmer nonths. L
Sel ection of broodstock is especially important for T.

gigas. The large size of, adults,of this species (up to 400 kg

and rmore) and their |low densities in the field make it

1
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inpractical to collect |arge nunbers of broodstock, 'using the
strategy that sone of them wll be ripe individuals. The
devel opment of a gonad biopsy technique, so thét individuals wth
ripe gonads can be identified in the field (Braley, 1984;
Crawford, Nash and Lucas, in press), was thus an inportant step
in the mariculture process.
Spawni ng

At the comencenent of this Project, one of the nmgjor
drawbacks for using T. gigas in mariculture was inabilility to
I nduce them to spawn. The only observed spawnings of this
species were spontaneous (Munro and Heslinga, 1983).

The breakthrough in spawning induction cane from reports of
the role of serotonin (a neuro-transmtter substance) in

spawni ng induction in scallops and sone other bivalves when

Lol W

injected directly into the gonad (Matsutani and Nonura, 1982).
This nmethod was found to work mﬁih tridacnids (Bral ey, 1985;
Crawford et al., in press). Brood-stock clans are induced to
spawmn by an injection of 1mM serotonin solution into the gonad.
It appears that the effect of serotonin is to cause the gonad
nuscul ature to contract and expel gametes. The. clams engage in
normal expul sive contractions as the ganetes are released,;
although the serotonin stinulus for ganete release initially by-
passes the central nervous system The response to serotonin
Injections is not predictable even in clans with ripe gonads:

but, by using this technique on a group of selected clans, it has

been possible to regularly obtain eggs and spermfrom T. gigas

brood-stock « a major advance for mariculture of this species.
Gant clans are wusually simltaneous hermaphrodites. They

shed sperm soon after stinulation and then eggs an hour or so
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| ater (apparently to reduce selfing). In our procedures, the

sperm and eggs-are collected as they are released: eggs are
collected in large' plastic bags placed over the 'clam's e;{léurrent
aperture as it expels the eggs in a dense suspension. The
‘gametes are mxed fo'r cross-fertilization and the nunbers of
resulting zygotes are estimated. The fertilized eggs are then
distributed at known densities to hatchery tanks (Crawford et
al., in press).

Hat chery phase

Larvae of T. gigas have been cultured using intensive and
extensive nethods. I ntensive nethods are those used in
comrercial bivalve mollusc hatcheries : mcro-filtered seawater,
daily water changes, feeding with cultured unicellular algae and
controlled tenperature, etc. Good survival through 1larval
devel opment has been obtained with this method (Crawford et al.,
in press). It is nore reliable than extensive culture,,but it
has the disadvantages of requiring nmuch greater inputs of labour
and technical facilities. Larvae of T. gigas have also been
cultured extensively, i.e. large nunbers of eggs, are added tQ'
outside 3,000 1 tanks with static seawater and essentially | eft
to develop, followng simlar nethods to those at MMDC. The onl y
managenent used in these extensive cultures is sone additions of

unicel lular algae (Isochrysis galbana - Tahitian strain) for food

and, a water change if bacteria bloom excessively. Some batches
of extensively cultured | arvae have been discarded because of
virtually total nortality. ”
The period of |arval devel opnent-of giant clams (about 8
days) is short conpared to other comrercial bivalves ‘such as
oysters and scallops. This 1is'a distinct advantage for their

mariculture, ~as larval developnment is the nost technically-

t
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demandi ng phase of the bivalve life-cycle. The larvae have quite
nmodest requirenents of algal food. Thus they appear to be good
candi dates for devel opnent of an artificial diet, which would
obviate the need for algal culturing facilities. Artificial
diets (mcroencapsulated ‘food particles) have been devel oped for
penaei d |arvae, but not yet for bivalve |larvae (Langdon and
Siegfried, 1984); so the developnent of a mcroencapsul ated diet
for giant clam larvae would be a najor breakthrough.

Nursery phase

The | ate-stage |arvae, pediveligers, are transferred to
outside tanks from intensive culture or allowed to settle in
their hatchery tanks in extensive culture. The new y-settled
juvenile clans are 0.2 nmm shell length and it is sonme nonths

before they are visible on the tank surfaces where they have

settled. The juvenile clans nust conmmence their synbiotic
relati onship with zooxanthellae soon after settlenent and the
recent | y-nmet anor phosed juvenile clans are "inoculated" wth
zooxant hel | ae obtai ned from pi eces of mantle tissue of adult
clane (Crawford et al., in press). This proceedure saves
maintaining cultures of zooxanthell ae.

In the first batch of T. gigas juveniles reared in early
1985 there was very heavy nortality between settlement and 5 nm
shell length (Crawford et al., in press). Less than 1% of the
original pediveligers survived this period. The m nute size of
the juvenile clans conpared to the dinensions of the nursery
tanks made it inpossible to observe the occurrence of this
nortality and to identify the causal factors. Overgrowth by
benthic algae,' which thrive in'the strong sunlight conditions

required by the juvenile clams with their autotrophic

P2
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zooxant hel l ae, was suspected of reducing light and water exchange
for the juvenile clams. Sone benthic predatory invertebrates may.
al s o h av e b e en involved' in the mortality.
Improving survival through this' nursery phase was another
step to be nade in devel oping maricult\ure t echni ques for T.
gigas. This was achieved during the rearing of batches. of
juveniles in sunmer 1985/1986 by using prepared substrates and a
regul ar cleaning regine to control the growmh of benthic al gae.
Two substrates were prepared on the bottonms of nursery tanks; a
dried line-sand slurry and a thick |ayer of Carborundum beads
(Mullite) glued with polyester resin to a fibro base. Survival
after several nonths was approximately 17% and 8% on the'
carborundum bead and I|ine-sand surfaces, respectively, conpared
with approximately 5% on an untreated fibreglass tank Dbase
(control). This level of survival through early juvenile
devel opnent achi eved on the Carborundum bead surface'is quite
acceptable by the standards of commercial bivalve hatcheries.

Qcean- nursery phase

At approximately 20+ nm shell length the juvenile clans are

ready to be transferred from the [and-based nursery tanks to the
field. At this size they are easy targets for predators and nust ,

be held in' protective containers (ocean-nursery phase).' Al so,
because of their dependence on light they nust be held in two-

di mensi onal systens. The usual nethods of culturing filter-

‘feeding bivalves in the field, e.g. suspended on lines or stacks

of plates, are three-dinensional systens and inappropri ate for
giant clam juveniles, where only the upper-nost individual sl would
receive enough light. It is also because of this two-dinensional
culturing that there is need to conclude the nursery.phase as

early as possible and to get the juvenile clans into,the field .
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despite the additional. hazards from predators. As the juvenile '

clanms grow, their requirements for tank space can only be net by

we

the expensive option of adding to the nunber of tanks in the
seawater system to increase the available surface area; not by
the less expensive option of having deeper tanks and increasing
the vol une.

As described earlier, Heslinga et al. at MVMDC, Pal au, rear
juveniles of T. derasa on the subtidal substrate of a reef |agoon.
This is quite successful, but it is the only method of culturing
in the ocean-nursery phase that they have tested. For rearing
juveniles of T. gigas at Opheus Island, fringing coral reefs and,
adj acent areas were used, and four alternative ne'thods for
hol ding the clanms were tested in an initial small-scal e study.

The juvenile clans were placed on granite chip substrates in

S e e = e e

perforated plastic trays (fréezer trays) , 55 x 30 x 9 cm
covered with 26 mm plastic mesh. The four nethods of holding the
clams in trays were: 1. on frames suspended from floats: 2. on
racks 1 m above the bottom 3. on the bottom subtidally; and 4.
on the bottom intertidally. The potentially favourable features
of a floating system arethatthe clams are keptnearthe surface
in high light levels and away from their benthic predators.
Racks have the sane advantages ofhigherlightlevel sthanonthe
bottom and protection frompredators. The intertidal situation
has potential advantages of accessibility without the need for
diving (Minro, 1985b) and of high light intensities. However ,
there are potential disadvantages of intertidal rearing in terms
of nortality from exposure and of |lowered growmh rates as the
clams' nmetabolism is disrupted during exposure.

The floating, rack, subtidal and intertidal (FRSI) study
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outlined above was conducted at three locations on the fringing
reef in Pioneer Bay, adjacent (0 the research statiipn. Thi s bay
’f.?i‘«s on the' western side' of O pheus Island and facesl towards the
mai nl and. It is sheltered from the prevailing easterly wnds and
thus is nore protected but nore silty than the environnment on the
eastern side of the island. Some trays of clans were also
established on the fringing reef at the northeastern side of
O pheus Island on the bottom subtidally and intertidally for
conparison with those in Pioneer Bay. The clanms on the
northeastern reef experienced stronger wave action, | owner
turbidity and, presumably,' greater water turnover than those in'
Pi oneer Bay.
The results of the FRSI study revealed that the floating
trays, surprisingly, showed poor survival and growth of clans.

Racks were best for growmh, wth nean growh increnents of

§ greater than 10 nm per nonth during the summer nonths, and they
showed good survival'of clams. Survival was high in the subtidal
benthic trays, "but growh rates were lower than on the racks:
while growth rates were high, near 10 nm per nonth, and there was
NoO mortality (excluding equipnent failures) in the intertidal
benthic trays. The nortality in the floating and rack based
trays appeared to be largely from small parasitic gastropods of
the famly Pyramdellidae. These ectoparasites settle from the
pl ankton onto the clam shells and feed on the. clam's bl ood and
tissues by inserting their |long proboscis between the valves.
Nunbers of them can be found on some infected juvenile clans and
in these individuals the tissues progressively shrink until they

f di e: The pyramdellids also occurred on simlar sized 'juveniles

in the seawater system but they were not observed on the clans

IN benthic trays in either the subtidal or intertidal zone. 1t
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appears that small benthic predators', which nmust be able to pass
through the 25 nm nesh covering the trays, normally control the
pyramdellids, and that in the seawater system and above the
substrate in the field these predators are absent. Gerry
Heslinga at MVDC has-also found that pyramdellids do not trouble
benthic juvenile clams in the field, but occur on tank-held clans
(pers. comm.). It is paradoxical that, in the field situations
that seened potentially free of predators, the clans suffered

high nortalities because a predator of their ectoparasites was

apparently also absent. Studi es of the biology and epi dem ol ogy

of the pyramdellids are planned.
In addition to their influence on growth and survival, the
four nethods of holding T. gigas juveniles during the ocean-

nursery phase were assessed in terns of their practicability:

cost and ease of construction, propensity for equipnent
failures, ease of nmaintenance and |evels of fouling (affecting
the anmount of naintenance). The benthic intertidal method was
superior in each of these, with the exception of propensity for
equi pnent failures. The one weakness ofﬂthe intertidal situation
was exposure to strong wave action during heavy seas. Thus, when
Cyclone Wnifred passed north of O pheus Island in February 1986,
causing strong winds into Pioneer Bay fromthe north, three of
the twelve trays in the intertidal zone were torn fromtheir
bases and carried away, while none of the subtidal trays were
lost (the floating trays were taken out before the cyclone
struck) . Intertidal systens nust be securely fixed to the
substrate to resist periods of strong wave action.

Conparing 'growmh rate data for the two fringing reef

localities, it was found that, despite the lower turbidity and

S:,?
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generally nore oceanic conditions at the northeastern fringing

reef site, the juvenile clans there were growi ng substantially

slower than those in the equivalent poéiﬁions“in.Pioneer Bay.h

- This was especially the case for the intertidal position on the

"  nort heastern reef. The detrinental factor here was di sturbance

of the clams by wave action, which'was especially strong at the

shal | ower site. It is not clear how disturbance adversely

- affects the clans, but sensitivity to novenent appears to be also

inplicated in the poor results for gromh from the floating
position in the FRSI study.
The three intertidal positions of trays in the FRSI study

were at approximately 0.6 m tidal height above chart datum and-

further groups of T. gigas were put out higher in the intertidal
zone' of the fringing reef of Pioneer Bay to test their .tolerance
of exposure. Initial results over the winter nonths indicate
that levels up to 0.8 mtidal height have no, pronounced effect on
grow h and survival of these juvenile clans: however, clans at

approximately 1.2 m tidal height survived but showed no' grow h.

The difference between 0.8 mand 1.2 mtidal levels in terms of

mean daily periods of exposure during the winter nonths is from
approxi mately.4 to 9 hours, respectively, per 24 hour period-or
from3 to 5.5 hours, respectively, during daylight hours. It
seems that ocean-nursery phase juveniles of T. gigas can tolerate
mean daily periods of exposure up to 4 hours per 24 hour period
without strongly deleterious effects on their growth and
survival .

"The intertidal zone of protected fringing reefs is obviously,'
very suitable for the ocean-nursery culture of T. gigas in the
GBR region, both in terns of being a favourable environment for

)

the clans and also in terns of the' logistics of comercial
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maricul ture. Also, for the developnent of giant clam mariculture
in Pacific countries (the objective of the AC AR-funded Project), d
the intertidal zone has obvious advantages where SCUBA facilities
are unavailable or inappropriate. Thus, a major research effort
is being made at O RS to develop intertidal systens for the
ocean-nursery and |ater growout phase of T. gigas.

Two kinds of large protective containers are being assessed
as alternatives to the trays that were used in the initial
st udi es. These are "boxes" and "lines". Boxes are containers
23 mX 1.2 mXO0.2 mwth a hinged |lid made from a sheet of
gal vani sed steel nesh, 6nmm dianmeter steel and 100 mm mesh size,
and enclosed with a finer protective mesh. They are being tested
both intertidally and subtidally. The protective neshes used on
“fhesubtidal boxe s-in-cl-ud-e--"-ch-ic-ke-n-"-a-n-d-"trel i g" galvanised—
wire nmeshes, but only plastic nmeshes are being used in the %
intertidal zone, because of higher |evels of corrosion. Li nes
are 30 mlong containers, 1.1 mwde and 0.2 m high, nmade from
two 30 mrolls of plastic mesh: one roll makes the base and the
other the lid. The lines are held in place with nmetal stakes and
subdivided wth internal partitions into 2 m long conpartments.
The reason for compartmentalising the lines is to restrict the

novements of any predators that nay penetrate into the line.

G ow out phase

The largest T. gigas juveniles reared are now greater than
100 mm (at age 20 nonths) and during this 1986/87 sunmer wl|'be
transferred to the growout phase, i.e. renoved from the
protective containers and placed on the surface of the fringing
reef in Pioneer Bay. The size at which they are large enough to

be virtually free of predators wll thus be determ ned. The




shells of T.rigas in this size range are'thinner and thus nore

easily crushed than those of T. derasa and this may well require -

that T. ﬁs be reared to a larger size before the gfovv-out
phase. ,

Recently a permt was obtained from GBRVWPA to set up a small
ocean-nursery and growout site in the |lagoon of John Brewer
Reef, within the area of the "Reeflink" operation. This w |
serve for a conparison of growh and survival in the |agoon of a
m d-shelf reef versus the fringing reef culture at O pheus
Island. 1Inspite of all the advantages of fringing reef culture
and the apparently good results obtained to date, the possibility
exists that fringing reefs are sub-optinmal environments for T.
gigas conpared to. reef lagoons and this possibility nust be

tested.

N CONCLUSI ON
As nentioned earlier, T, gigas is not the only giant clam
speci es that inhabits fringing reefs and the techni ques being

devel oped at ORS are not only applicable to T. gigas. In other:

parts of- the Pacific region particular giant clam species have
econom ¢ significance. For exanple, H. hippopus and especially

porcellanus are important in the shell trade, in, the

Philippines and there is interest in the mariculture of,the
smallest giant clam species, T. crocea, in southern Japan' where
it is prized as a delicacy ( Murakoshi, Aramaki and Hrata, 1984;
M. Yamaguchi, pers. comm.) These three' species typically occur
in shallow conditions on fringing reefs.

To develop ,the commercial mariculture of giant clams
requires nore than solving biological.problems. and efficient’

production methods. It involves investigating the existing and
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potential markets for giant clam products, research on product
' devel opnent, and research on sociological and economc aspects of
giant clam mariculture. Such studies have been undertaken or
initiated by the Forum Fisheries Agency, |CLARM and ACIAR (e.g.
Dawson, 1986; Munro, 1985; Tisdell, 1986).

Devel opnent of a mariculture industry for giant clans on
fringing coral reefs in the Pacific region would represent a
maj or new node of:-use of these reefs. There are currently
i ndustries based on culturing benthic algae, e.g. Eucheuba and
Caul erpa species, and industries based on culturing animals near
fringing reefs, e.g. pearl oysters, Pinctada species; but none

yet based on culturing benthic animals on fringing coral reefs.
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SHELL COLLECTING ON THE GREAT BARR ER REEF
- FI RST | MPRESSI ONS

Bryony Barnett

ABSTRACT: o R -

‘Shell collecting is a popular activity of visitors to the Great’
Barrier Reef, including members of shell clubs, tourists and
casual visitors to coastal beaches. The majority of collecting is
intertidal and is focused on accessible reefs during peak low
tides, in the winter season in Queensland. High impact areas are
the coastal fringing reefs and the offshore reefs (zoning
permitting) within easy access of home ports.

The most concientious collectors are specimen shell collectors .
with a tendency to collection of live material. Many belong to
shell clubs which advocate conservative *collecting. Less
discriminating are the ‘casual collectors with a preference ‘for
visible, colourful shells, dead .or alive. Commercial collectors
account for a small percentage of shells removed from the Great
Barrier Reef.

The most popular shells are the cowries (Cypreaeidae), cones
(Conidae), volutes (Volutidae), murex (Muricidae), and strombs’
(Strombidae). The impact of collecting on molluscs is governed
by the biology of species (population size, reproductive
strategies, behaviour) and the techniques and frequency of
collection.

As an extractive activity, management iS seen to be necessar?/,
the emphasis being on sustained yield of the resource. Proposals
can only be made with a sound knowledge of the biology of the
major target ‘species. Meanwhile, user education, directed
particularly at the casual collector/tourist is recommended.

| NTRODUCTI ON

The reefs of the Great Barrier Reef Region are known to support’
over 4,000 shell-bearing mollusc species. The distribution
patterns vary according to factors such as the physical’'nature of
the reef, the local climate and proximitg to the coast and human
settlements. Mollusc shells have long been appreciated by man
for thei r aesthetic appeal, particularly by shell collectors.
TOd?yII those who exploit the resource may be broadly categorized
as follows. '

1 .%ommercial shell collectors. This category includes retailers
who collect shells Tfor sale or manufacture into shell products
and souvenirs, trochus fishermen and trawlermen.

A recent, short-term survey of the shell trade in Australia’
(willan, 1986) found that the percentage of business derivedfrdm
the sale of Australian marine mollusc species ranged from 1% in
Queensland to 100% in West Australia. Queensland dealers
interviewed by McGinnity (1986) revealed that the majority of
shells in stock were imported from the Philippines, India and New
Guinea, and the limited number of Australian shells sold were
obtained from trawlers or self-collected. At present there are
no full-time commercial specimen shell collectors operating in
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the Geat Barrier Reef Region. Only two fishermen hold licences
to fish trochus on the Geat Barrier Reef, nobst of which occurs
on the seaward side of offshore reefs (Nash, 1985). A small
nunber of prawn trawlers fishing outside reef areas are known to
retain shells for purchase Iy deal ers and speci nen shell
collectors.  There is anecdotal evidence of |ow nunbers of
regular visitors fromthe southern states who spend several
nonths of each year on the Queensland coast for the purpose of
shell collecting for resale.

2. Specimen shell collectors are those whose prime objective is
that” of making a collection of good quality shells, l|ocal or
wor |l dwi de, representative of selected taxa. The individual
interests of specimen collectors vary, ranging from the
scientific to the aquisitive and  conpetitive approach.
Col l ections vary accordingly, wth conpetitive collectors being
nore interested in the taking of live material in pursuit of the
"gent  specinmen for potential display. Shells are obtained by

ersonal collection, purchase and exchange. Many such collectors

elong to shell clubs and discussion groups of which there are
el even on the Queensland coast, with active nmenbership totalling
approxi mately 150.

3, . Casual collectors, exenplified by the beach wal ker, reef
visitor, tourist, diver and sailor is_ attracted to the nore
showy, colourful Specinens, dead or alive. They may include

people at holiday resorts or visitors on charter boat cruises,
who indulge in casual collection of shells as an activity
secondary to others.

3. Researchers. Only a small nunber of people are at present
conducting research on molluscs on the Geat Barrier Reef. In
each case, collection targets a single species from specified
sites and all collection information is recorded systematically.

WEN WERE AND WHAT DO THEY COLLECT?

Collecting sites favoured by specinen shell collectors are

coast al reefs and accessible inshore reefs. In addition, nost
shell clubs organize at least one club tng per annum to nore
distant reef |ocations. Trips conducted by eensl and shel |

clubs during the past 3 years averaged one 2-3 dayl_trip per
annum on a charter vessel, with 8 to 13 collectors. r

timed to coincide wth |ow water Spring tides, giving the reef
wal kers  2-3 hours of collecting on exposed reefs. A "shelling
season." s recogni zed, covering the nonthly low tides (May-
September).  For 3-4 days each nonth the low tides result in good
infra- and sub-littoral exposure during the daytine, allow ng
access by wal king and wading. Committed shellers will plan their
activities and holidays around these dates in order to take
advantage of every opportunity to pursue the hobby and wll focus
on specific sites known to be productive, “often travelling
consi derabl e di stances. A limted anount of night shelling
occurs at the sumer low tides. In all cases shell collecting
woul d be the prime objective of a reef visit by such people.
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The nost popular shells collected by specinmen collectors; all
gastropods, are the cowies (Cypraeidae),' cones, (Conidae), .
volutes (Volutidae), stronbs (Stronbidae)', olives (dividae), "

mitres (Mtridae) and murex (Muricidae). Wwith the devel opnent of

a collection nore obscure shells are sought or specialization in

a particular, group may occur. Fewer = people appear to be
interested in bivalves as a collector -group and the popularity of
these shells is highest with nore scientific collectors.

Col l ecting by casual reef visitors and tourists is usually
incidental to other activities. Areas nost likely to be subject
to this formof collecting are fringing reefs close ‘to
settlements, tourist resorts, caravan parks and canping sites,
and reefs frequented by charter boats. Collecting b?/ thrs group
is, on the whole, less discriminating than that by club nenbers.

Many casual collectors would be unable to identify the shells
they are collecting and nay be unaware that nost shells contain
a live animal. The loss of interest as the molluscs deconpose is
exenplified by repeated reports of shells discarded in resprts
and caravan parks. Shells nost likely to be taken are the most
visible and readily available specinmens on fringing reefs and
sandbanks- cowies, stronbs (including the popular sprder shell,
Lambis lambis) and olives. Hghly patterned cone shells are also

%opular but likely to be collected with nore caution. Miuch of
he mterial collected by the casual collector, including beach
speci nens, woul d be considered of unsuitable quality for the

specimen  collector.
HON DO SHELLERS QOQLLECT?

Shel | collecting involves extensive wading, reef" walking,

overturning of rocks and boul ders and shal | ow di ggi ng and raking.

In extreme cases coral heads are broken in the search for
Speci mens. Most  club collectors, however, claimto adhere to a
"collecting code":

, do not break coral to look for shells,
return all overturned rocks with care,
take only sufficient shells for your ownneeds,
do not renove juveniles, shells on eggs or egg-cases,,
- leave adult shells with scars and breakages to breed,
t he enphasi s being on sustainable yields 'of the resource.

On the whole the code is observed, but many such collectors will
admt to «collecting extra shells for the purpose of resale and
exchange and it is Irkely that the discovery of a rare shell wll
result in its renoval. whatever the condition. The interest' in
obtai ning norphological and colour variants means that nost

private collections wll contain several specinens of each
Speci es. The collectors' attitude to shells is influenced by the
relative "rarity" val ue, this itself being governed by

availability on a local and worldw de scale.

There is wdespread concern fromclub nenbers that the .casual
col | ector exhibits destructive collecti nlg behaviour, often
failing to return rocks t0 their original position, renoving
juveniles and shells on eggs (albeit in ignorance), and
overcollecting. There have been repeated records of unecessary

wasteage of _such shells which have been rejected by collector$

once the animl' deconposes.  Likewise, 'the few sem-comercial
collectors, frequenting accessible coastal fringing reefs at,
every opportunity are believed to.abuse the collecting code for
the purposes of nonetary qain. i
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IMPACT OF SHELL COLLECTING

What is the potential impact of shell collecting on the reef?
The two major points of concern are:
depletion through overcollection,
. depletion through habitat destruction,
and the attendant effects on the -environment ‘from which the
animals are removed.

It has been stated (Wells and Alcala, 1986) that most marine
molluscs, with the exception of volutes, have a wide distribution
and planktonic larvae and are therefore unlikely to be threatened
with extinction through overcollection. At this stage there is
insufficient evidence to support or refute this statement. Most
specimen shell collectors would argue that their practices ensure
minimal habitat disturbance and conservative extraction. There is
a reluctance of this group to admit that their extractive
activities have a detrimental effect on the environment and an
observed decrease in numbers 1s 7attributed to “natura
fluctuations”. The clubs tend to police activities within the
roups, discouragin collecting behaviour contrary to the code.
he "interest of the northern clubs in exchange and sale of
shells, however , does lead to excessive collecting by some,
members.

BY comparison the casual collector is more likely to be party to
habitat destruction through failure to return boulders and lack
of care in reef walking. Overcollection may occur by large
numbers of individuals being attracted to the same species, or by

the—semi-comme rc ial-collector-taking-allthe shells _found. . -

There is anecdotal evidence of depletion on a local scale at a
number of sites on the Queensland coast as a result of both
overcollection and habitat destruction. The detrimental effects
of shell collecting worldwide, on the Kenya coast, in Guam,
Hawaii. and Forida, have been discussed by Evans et al. (1977),
Hedlund>~(1977), Mills (1977) and Abbott (1980) respectively.

An assessment of the impact on molluscan populations is only
valid in relation to the biology of the species concerned.
Biological characteristics which effect the vulnerability of a
species include:

Life-history and reproduction: growth rate, size at
maturity, larval duration and recruitment potential.
Concealment strategies: camouflage refuge and
burrowing.

Distribution and dispersion: intertidal and subtidal;
shallow and deep water, scattered and clumped.

To date there is a paucity of literature on molluscan biology at

the species level. The emphasis has been on the commercially

exploited species Trochus hiloticus (Nash 1985), tridacnid clams

(Yonge 1975, Heslinga 1979 eaand the red-lipped stromb, Strombus

iuhuanus, which has bpeen tfie' basis o a traditional fishing
Industry in the Gulf of Papua for centuries.
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The biology of specimen shells is less well documented though

“long-term shell, collectors, through their combined experiences,
share a good understanding of the characteristics of many

species, and will agree that, even after years of observations it

is difficult to define ‘any behaviour patterns for most species.
A major area of concern has been the volutes (vVolutidae), the
largest of which is the popular bailer, shell Melo camphora, which
reproduce by direct development. Eggs are laid in capsules from
which ‘the young emerge directly. As a consequence local
populations, develop distinctive characteristics,, much sought
after by collectors, one noteable example being the Heron Island,
volwte, Cymbiolacca pulchra. Both this desirability and the'lack
of larval dispersal ®wke€ theem potentially vulnerable to depletion

by overcollection.

Similar concern has been expressed for rarer, target species
which have their distribution on accessible fringing reefs. A
notable example’is the small cowrie, ¢ypraea stolida brevidentata
which, though dispe'rsed throughout = North ~Queensland, 1S most
heavily’ collected on the fringing reefs of Dingo Beach, by-

. specimen and semi-commercial collectors alike, resulting in loca

depletion. Other shells at the same locality would be subject to
heavy’collecting pressures simultaneously,

Further to the immediate effect of depleted populations of
molluscs, the removal of a link in the food chain_has been seen

t 0 causeimbalance in East African coral reefs (Kendall 1'985).
Removal of predatory gastropods has meant increases of
echinoderms (Diadema, sp.) in plague proportions which,, in turn,
feed on coral. Less well proven, but well advertised, in
Australia, the current population explosions of the crown-of-
thorns starfish, Acanthaster planci, have been attributed to
overcollection of @ major predator, the giant tr,iton Charonia
tritonis (Endean 1977).

MANAGEMENT

The re'cogni tion that sheli collecting has had an impact on
molluscan populations on several reefs emphasizes the need for
local management of the limited resource on a'sustainable yield
basis, particularly in the light of increasing reef‘usage.

Management options practiced overseas are the imposition of
controls and restrictions such as take limits, closed areas,
export controls; the establishment of marine parks and reserves;
education and small-scale mariculture (Wells 1956).

On the Great Barrier ‘Reef recreational shell collecting, like
most activities, is regulated in Sections of the Marine Park for
which zoning plang have been developed, and is allowed in the
General Use Zones » and "B", subject to possession of a permit
obtainable from Queensland National Parks and Wildlife Service
Maritime  Estate Branch. Permits are issued for periods of up to
12 ‘months and permit holders are required to submit a collection
report with each application for renewal.” Since 1981 274 permits
I
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have been issued to groups of one to 42 individuals, nostly shel

club- nenbers, for periods of one week to 12 nonths. Col'l ection v
of Tridacnid clanms, the helnet shell Cassis cornuta, the trunpet
shell Charonia tritonis, and shells on egg masses is prohibited. .
The permts authorize only the taking of shells for the private !
collection of the permttee and for limted exchange. This

represents a revision of the original ba%-linit of two specinens
of each species which was received Dby club collectors wth
consi derabl e opposition.

The export of Australian native shells is regulated by the
Australian National Parks and WIldlife Service' though no sound
policy has yet been developed for the export of molluscs under
the Wldlife Protection Act. As an interim measure authority
has been granted to a number of shell clubs and dealers to export
shells on condition that permssion is obtained from ANPWS pri or
to Ph% export of each consignnment and a list of the shells
suppl i ed.

Though still in the early stages sone inadequacies in these
managenent measures are apparent. The original objectives of the
permt system were:

1. to encourage responsible behaviour by reef users,
2. to separate potentially conflicting activities,

3. to inPose limts on certain activities,

4. to collect data on the activity.
Prelimnary assessment of the permt returns and discussions wth
collectors_ reveal _that.. SOME __of these objectives have not been . %
realized. The myjority of people applying for shell collecting
pernmts already see thenmselves as responsible reef wusers. The .

casual collector is the one least likely to be in possession of a
permt and may be unaware of the requirements. Estimates of
permit non-conpliance by two shell clubs , using a random zed ~ “
response survey technique, indicated that, whilst people were

willing to nmake the initial permt application, there was a high

rate of non-conpliance wth permt conditions suggesting
significant wunderestimation of the quantities of live shells

renoved (Chal oupka, 1985). The value as a nonitoring tool is

therefore questionable, ™wth very low collection returns (10%

being recorded to date.

Policing in the field is seen b nagg to be inadequate. Only
approximately 2% of the shell club nenbers (100-plus) questioned
on this subject have been approached in the field to date.

Shell collectors are further confused by the status of the
coast al frlng|n% reefs on which they collect, several of which
at present, fall outside the Marine Park and are therefore
covered by State jurisdiction, as yet undevel oped.

The export controls also lack credibility. The data accruing to
ANPWS  cont ai ns obvi ous m si dentifications and taxonom ¢

cenfusion, Recommendations m2das Dy willan (1986 a racd.ew of
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ALTERNATIVE ~ MANAGEMENT  CPTI ONS

It is clear that localized regulatory neasures, directed towards,

all  collector groups, are necessary, and nust concentrate on the
high=impact fringing reefs, unlesS 'they are to be regarded as
"sacrificial sites".' .Club members thenselves, in their

representations to GBRMPA, : have supported the  principal of
periodic closures of the Dingo Beach area, on a cyclical basis.
"Habitat managenent is nore feasible than species managenent at
this stage but if such measures are to be taken seriously,
adequat e policing should be ensured, albeit a problem wth
current, field staffing Ilevels.'

Education, particularly of the casual collector group must be
given a high priority. The detailing of some basic guidelines to
reef behaviour and an introduction to the fauna of the fringing
reefs, to be distributed to coastal and reef resorts and caravan
parks, to canpers Wwth their permts, and to school groups, is
recommended. It is acknow edged that sonme club nenbers alread
play a significant part in school education 'by neans o

instruction and displays. Further afield, the FEast African'
Wldlife Society has produced a series of posters for display in
Kenyan hotels and resorts, illustrating the damage caused by

shel'l and coral collecting (Vells and A cala, 1986).

Wiilst club nenbers my be considered nore enlightened than
others the shoul d be encouraged to reassess their collecting
behavi our éy means of supervised participation In monitoring
programmes on a local scale. Such programes should be seen as
suppl enentary to, more detailed research on the biology of the
maj or target species.
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REEF WALKING: A SHORT REVIEW
o by: Dr'M J Liddle and Dr A M Kay

School of Australian Environmental Studies
Griffith University
NATHAN Qld 4111

INTRODUCTION

Whilst reef walking itself must have been an activity which extends into
pre-history, it is only recently that reef walking has been offered as a
holiday activity, especially in the island tourist resorts on the Great
Barrier Reef and in the last 10 or 15 years there has been a major increase
in our use of the reef resource in this manner. The effects of reef
walking have been studied on the islands of the Great Barrier Reef but the
information is likely to be applicable to fringing reefs, at least in a
general sense. The reef walk is carried o u t on the inter-tidal flats of
coral reefs at low tides, usually without any special physical skills or
equipment, b u t often accompanied by a guide who has local knowledge of the
area. These guided groups will usually follow a pre-determined route or
visit an area on a regular basis and their pattern of movement is a fairly
loose formation which periodically condenses to focal points when the guide
finds something of particular interest. Visitors wjill also venture out
singly or in small unguided groups and wonder freely over the different
reef zones. Minor accidents, such as stepping through delicate live corals
and thin reef surfaces (pie crust) are common and due to the visitors
unfamiliarity with the terrain. Many reef resorts issue walking sticks and
protective footwear 80 that their customers are damaged as little as
possible., Most people will aim to walk on sand or smooth solid coral
pavement and areas of fragile or luxurious coral growth are generally
avoided, however in some circumstances visitors either accidentally tread
on fragile areas, or find that their only way forward is by crossing one of
these patches of luxurient growth. When this happens the amount of damage
becomes very obvious. ‘

As Kay and Liddle (1985) remarked, the tourist or holiday-maker undertakes
reef walking for pleasire and satisfaction. Interaction with the
environment and appreciation of the aesthetic beauty of the coral community
and its inhabitants is most important and a big draw card for the tourist
industry. The tourists may have a number of expectatations when visiting
the reef. Firstly they hope to see a variety of exotic features that are
associated with and characterise the coral reef environment, Some
favourite items are brightly coloured sea stars and fish, big molluscs, and

‘hermit crabs, and architecturally ornate and delicate corals.  Secondly

most wish to feel that they are experiencing natural- and unspoiled

‘environment. Any obvious signs of environmental degradation interfere to

some degree with the aesthetic naturalness of the habitat and produce
feelings of irritation or disappointment. it is thus in the interest of
the tourist operator to maintain the reef resource in as pristine a
condition as possible.
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THE ENVIRONMENT IMPACT OF REEF WALKING

Three studies have been made of the environmental impact of reef walking.
One was undertaken by Woodland and Hooper (1977) on Wistari Reef and the
other two by Kay and Liddle (1984a and b) on Heron Island Reef and Hardy
Reef respectively (Figure 1). the first two studies were experimental and
clearly. demonstrated that trampling on reef flat corals can cause
considerable damage. The third study was observational and dealt with the
use patterns and damage associated with reef walking on a popular reef used
for a variety of tourist activities.

Woodland and Hooper (1977)

The Wistari Reef work (Woodland and Hooper 1977) involved one short
term trampling experiment which demonstrated that four people reduced
the live coral cover on an area of reef flat 4 metres by 25 metres
from 41% to 8% after walking back and forth along it 18 times. An
average of 12 kg m—2 of |jve coral was broken off, but most of the
robust massive coral colonies, Acanthastrea and _Goniastrea, survived.’

Kay and Liddle (1984a) and Liddle and Kay (in press)

The Heron Island investigation consisted of several different
experiments involving both long and short term trampling trials,
growth and survival experiments with damaged coral colonies and
fragments , and laboratory tests of branch strength.

The major findings of the trampl ing trials concerned the
susceptibility of different types of coral communities to relative

damage from reef walking. There is considerable variation in the
composition of the biotic communities and physical surfaces found on
reef flats. They range from a partial or complete cover of flattened

and encrusting coral colonies on a solid pavement of dead coral to a

highly intricate mixture of taller three dimensional coral colonies,

solid and honeycombed remains of dead coral colonies, and sand pools.
Zones which are exposed to wave action and water turbulence such as
those on edges of reefs, typically have the low compact coral

communities while those in more sheltered situations further within

the reef platform have the more upright complex coral communities.

Trampling caused much more extensive damage in a sheltered site on the
outer reef flat at Heron Island than it did on an exposed reef edge

site. The low compact forms of coral on the reef crest were
relatively resistant to mechanical disturbances and trampling had
little effect on the hard level surface. The percentage cover of

corals was not reduced along pathways through this site which were
regularly traversed 80 times every three months (equivalent to six or
seven times a week) for a year and one half. In comparison trampling
broke up many of the upright branching corals and most of the
honeycombed , dead coral Sktietons att h e sheltered site. Ditches
partially filled with dead coral rubble were formed along pathways
which were traversed as infrequently as five times every three months

(equivalent to once every two to two and a half weeks) for a year and
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visitors are monitored on a regular basis to determine whether the #
management objectives are being met. If not the management objectives

can be redefined and/or the methods used to implement them can be

altered.

RBSCURCB BVALUATI ON

SURVEY OBJECTIVES

There are several basic questions which need to be asked when an area is
considered for reef walking activities.

They are:

1. How accessible is the area?

2. How many people already use it?

3. How easy is it to walk around in it?

4. What attractions does it contain that will satisfy the reef walkers

needs?

5. How vulnerable is the area to trampling damage?

6. What is its present level of damage?

The scope of this paper does not allow a detailed account of methodologies k
which may be utilised to answer these particular questions. A description

of these methods is given in Kay and Liddle (1985) and they have provided o
techniques suitable to various levels of input of both tiae and money. o

MANAGEMENT OBJBCTI VBS
ACCEPTIBLE _ENVIRONMENTAL _CHANGES

There are two main factors to consider when determining what will be
acceptible environmental changes in a reef walking site. They are:

(a) The expectations and objectives of the users

As mentioned above tourists, and scientists, prefer to see an unspoilt
natural environment. Additionally tourists expect to see a variety of

exotic features such as brightly coloured fish and ornate corals which
characterize the coral reef environment.

(b) The ability of an area to recover after damage.
The growth rates of different forms of coral vary enormously therefore

reef L.l gu.ly -eitoc nf difforant composition ang unlikelv to resenarate at
the same rate after a given amount of reef walking damage.




These considerations suggest three general criteria for the determination
of acceptible environmental change.’

i Visual evidence of physical damage should be minimal.

ii Reduction in the numbers and variety of the exotic features which
attract tourists should be prevented or minimized.

iii Reduction in the cover of live coral should not be permitted to exceed

that amount which could be regrown during an off peak season or
reasonable period of closure.

IMPLEMENTATION O F O B J E C T I V E S

GENERAL APPROACH

Broadly speaking there are two approaches which can be. used in: the
formulation of management techniques.

They are:

(a) Control visitor ., numbers and/or guide or influence visitor
behaviour

(b) Alter the environment so it is less susceptible to damage.

These two approaches are not mutually exclusive and often underlie the same
management technique as shown in Table 1 which lists the management
procedures we have described in this manual. Some of these techniques may
also function as interpretive services where information is provided to
enhance visitor enjoyment and safety (Table 1).

RESOURCE MONITORING

Ideally all monitoring schemes should begin before the site is opened to
reef walking. One or more “before” surveys establish what the undisturbed

or natural state of the site is like and provide a, standard to which the

results of subsequent surveys can be compared.

The intervals between the surveys of a monitoring scheme will depend on the
time and resources available, however, we suggest an optimum of six months
until it has been confidently established that management objectives are
being met. After this the intervals can be extended to a year or more
unless use patterns change dramatically and more frequent monitoring is
needed to detect rapid degradation before it goes too far.

‘The elements that may be recorded are: Mechanical change; coral
composition; level of use. A full account of these techniques is also
given in Kay and Liddle (1985), and they conclude with a comment on
carrying capacity.
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Table 1. Management techniques and their requirements
Technique Visitor Alter Interpretive
Control Environment Service
Guided tours X X
Information leaflets X X
Films and videos X X
Pathways X X
Elevated walkways X X ,
Transplantation of corals X \
Limiting access X "

Closed seasons and
rotational use
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CONCLUSI ON

In presenting this paper the authors have in mind the sequence of attitudes

that usually prevail with respect to any natural resource. Initially the

resource is seen as unlimited and any change that may be made as a .resul t
of its use by man, tend to be regarded as beneficial. Then there is a
phase of declining availablility and quality of the natural resource which
provokes a reaction to conserve and finally to manage that resource both
for the greatest advantage to its users, and its own intrinsic qualities.
'In' the case of the tourists utilisation of fringing and barrier reefs, we
have a situation where the resource has hardly been changed by use, except
in one or two local instances, and our society has' already moved to the
position where the conservation of. that environment is in everybody’sminds

and largely accepted by the community. The' information that we have

provided in our various reports will, we hope, aid in the final step of
managing and preserving the resource for the greatest benefit of -the
tourists, the tourist operators, and the reef corals and its other
inhabitants.
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FRINGNG REEFS
THE TARSTS VEW
David Colfelt

Fringing reefs, although they may not have the appeal of mid-
shelf reefs, can nevertheless be a valuable asset as a tourist

attraction.

Many tourists, particularly those from overseas, are frightened
to actually get into tropical waters for fear of sharks or other
tropical nasties. But they are happy enough to walk on top of a
reef or to wade in water up to their knees as the tide starts to
recede from a fringing reef.

All tourists have read about coral. Tourist promoters have sung
hymns to the beauty of coral and the fact that their tourist
facilities abound with t coral opportunities’. Even the best

books about the Barrier Reef = for example, the Reader’s Digest
book - marvel visually at the variety and beauty of coral,
showing dazzingly colourful macrophotographic images that are
rarely likely to be seen by the ordinary tourist.

It is human nature to try to put your best foot forward, and we
all do it, whether we are courting a lover or applying for a job.
How can the salesman be expected to do otherwise? Or the tourist
operator? And we all tend to believe our own words after awhile,

anyway.

Expectation has a great deal to do with perception. There are
countless examples in life - ‘from the notorious unreliabili ty
‘eye witnesses’ to crime, who often infer thln?s they have not
seen, to the example of the emperor’'s new clothes, to the story
of the lady who had never seen an elephant before, and when one,
which had escaped from the circus passing through town, appeared
in her rose garden, she telephoned the police and explained that
there was a strange creature picking her roses with its tail,
"...and you can’'t imagine what he’'s doing with them!®.

So our expectation colours our experience. If expectation is not
in line with what actually happens, we often end up dissatisified
even if the experience is not an unpleasent one.

The other point I want to make about fringing reefs is |earning
how to 'see’. If we don't know what to look for, we very often
see nothing. Looking at a fringing reef for the first time is
not unlike looking at a chest x-ray, or a weather map, or a voice
print.  We are assailed with unfamiliar _information in a not
Immediately prepossessing format, and until we learn the code, we
can't get very much satisfaction from what we see.

I've tried to illustrate these points with just a few slides.
The message is that fringing reefs can provide hours of
fascination and diversion if (a) the tourist has no previous
misconception about them and (b) if he has been given the code to
help unveil the reef's secrets. Operators can do much to help
themselves and tourism by providing accurate interpretive
information for the tourist.




| #

L]

G

~177~

As  the tourist wings his way towards his Barrier Reef
destination, his mind is filled with thoughts of ’Bali Hai’, a
subtle suggestlon put there by tourist promotion which has spoken

i of tropic isles. . |

I
'

:10 .
He looks out the window of his plane and catches tempting’:
glimpses of coral waters and sand beaches.

:25
The islands present a very pleasing aspect.

£33
He even finds some sand, as promised, in front of the" resort, and
‘there’s also the odd palm tree. transported there.

:50

As he begins to explore his ‘tropical island’, he.finds nothing
to complain about. It. has rugged beauty, and vibrant, turquoise
waters lap at its shores.

:57
But the vegetation isn’'t exactly as he imagined it,

1:05
and some of the beaches are ‘definitely not like those in,, the
tales of Somerset Maugham.

1:13 ,

On closer inspection: some of the ’sand’ he saw from the air
turns out to be coral shingle. He is beginning to experience a
faint disappointment; that all in paradise Is not quite as

romised. This afternoon, the tide will be low, and he will have:
is first look at coral - on a fringing coral reef.

1:36
But where is all the colour? Everything seems pretty lifeless
and. grey.

2:10

At this point if the tourist resists the temptation'to turn
around and go back to the resort bar, and particularly if someone
has explained to him that the fringing reef does have a distinct,
structure and zonation, and if he looks in ‘the right places he
will find all sorts of life going about its business.

3:00
After a while he will have a whole new series of questions and
things to wonder about. It's like sitting down in a forest and

just looking silently around.” When he stops and looks, the reef
. begins to reveal some of its secrets..

3:30
.+, corals that look’ like Dr who abandoned them there like spilt
cans of slime...

3:45
.+.a Wholee array of shapes, textures, colours; creatures that -
depend o n each other for survival . ..life with its own reason and

logic..




-178-

4:10

High up near the shore he encounters thousands of little balls of
sand. He had made ug some explanation to himself about them
. ..which turned out to be quite inadequate when, walking along a

bit further, he encountered the architects in action, marching
along in phalanxes, pirouetting into the sand when he approached.

4.28

Hours can pass by quickly on a fringing reef once the code has
been broken. New questions are raised to suggest the complexity
of this reef - and all reefs. This insight is strangely humbling
and gives rise to respect for something quite wonderful.

4:51
And as the tourist watches the sunset from the resort beach, he
talks with satisfaction about the day’s discoveries, and the new

knowledge gained. He may even get out the book on the reef and
read with newly opened eyes.
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TOURI ST OPERATORS DI SCUSSION OF  USE

1
P .
, ‘

David Hoffenstetz, Arcadia Holiday Resort, Magnetic |Isl a”nd

As Activities O‘ficer,‘ takes' clientele reef walking 6-8

he

tinmes/nmonth and snorkelling about the same anount;

fishing is not popular with guests; there is a |ocal
conmercial enterprise that is available to take people
fishing;

tends to have a passive clientele - uses reefwalking -as
an introduction to snorkelling;

Is getting together a marine library and slide. show,
organises and posts a weekly schedule of activities,
and puts an activities brochure in each roomof the

. resort.

Rick Steen, Director, Mrine Qperations, Hayman |sland Resort.

once a week, on V‘ednesda¥ ni ght, they would have
0

resort is now closed while reconstruction taking place,
but previously:

had reefwal king, glass bottom boat trip on half tide;

found that having an Activities Oficer functioned to
hel p' protect the reef;

sem -subs were popular with tourists - the resort owns
3

hal f-day local fishing trip was popul ar -(Joeople enj oy
a 20 mnute boat trip =~ there was a full-day trip to
the outer reef for keen fishernen;

‘a
marine slide show, and the llowng nmorning would be
the best turn-out for reef,-walking;

a few times they took videos of guests snorkelling etc.
on the reef and these turned out to be popular 'wth
guests, many asking for their own copy;

recommendat i ons: good narine videos would be useful;
staff training session (organised through their staff
training officer).

H ke Mandbridge, Divemaster, H,0 Sportz, Hamlton Island.,"

most diving is done on the outer reef

oncfe or twce/week they take a trip around fringing
ree
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fringing reefs aren’t easy to use = to enjoy a fringing
reef, people need to be guided, with things being
pointed out;

a reefwalking trip needs to be guided;

most of their staff stay around a while and are self-
educated in marine matters;

need literature showing ‘interrelationship of marine
life;

need more information about specific areas.
from Audience.

it seems that different levels of experience need to be
communicated:

i) taxonomic - what is it? ) ) ) )
i) functioning and interrelationship of marine life
(R. Kenchington)

is it practical for tourist resorts to have a biologist
at $20,000/year? (C. Wilkinson)

would it be wuseful for Activities Officers, etc. to be
able to present a certificate indicating completing of
a TAFE-type of course? (D. Fish)

is it commercially feasible to buy this type of

education? (D. Gartside)

it seems there would be some commercial advantage to
tourist operators to do- “educational” tours, which are
popular in the U.S. (?)

providing a workshop in the field would be advantageous
for tourist operators (R. Olsen).’




EFPECTS OF BUN- OFF, SILTATION. AND SEVAGE
Donald W Kinsey
"Great Barrier Reef Marine Park Authority, Townsville .

Introduction

Run-of f, siltation, and sewage are -impacts which are all nore pronounced

on fringing reefs than they are on outer shelf or oceanic reefs; Based .on

my work with coral reefs over the last 25 years | believe that, contrary

to some' popular opinion, reefs are quite tolerant to stress. However,
there is a sharp threshold beyond which their collapse can be quite

dramati c. In the case of fringing reefs, fresh water is 'probably the
major “"killer" in situations not. subjected to extreme anthropogenic
stresses. It is likely that terrigenous sedi ment most usual |y constitutes

a chronic stress though it may ultinmately becone a "killer® if the reef is
subjected to actual burial. Sewage, also, most usually constitutes chronic
stress but inevitably leads to a progressive degradation of the comunity,
though not necessarily to its total destruction.

The exanple which | wll discuss today is that of Kaneohe Bay, on QGahu,
Hawaii. This is one of the nost conplete case histories available. The
fringing reefs in Kaneohe Bay are very well developed., They 'have, in

recent decades, been subjected to well developed and well defined stresses
exhi biting convenient'gradients fromone end of the bay to the other. The
responses of the reefs have been well studied. Since 1978 there has al so
been a detailed study of the recovery of the fringing reef system since
the diversion at that time' of a nmajor donestic sewage outfall. The
Bi bliography lists a number of publications which summarise nost of, the
i nformation availabl e concerning those aspects of Kaneohe ‘Bay consi dered:
in this paper.

‘
1

The setting and the stresses

Kaneohe Bay is one of the more spectacularly beautiful parts of the island

of Gahu., It certainly has the best developed fringing reef structures in
a low to noderate energy environment, and (at, least 'in the past) 'high,
coral cover. This conbination of a high aesthetic profile, well devel oped
.reefs, and a well-protected environment suitable forrecreational activity'

has led to the bay assuning a very high inportance in human values and to
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a great deal of attention being given to its fate. For a long period of
time, and certainly pre-dating European occupation, sone degree of
agricultural activity has occurred in many parts of the bay. The greatest
enphasis on agriculture has been, and still is, towards the northwestern
end of the bay, and this has resulted in significantly increased
terrigenous sedinent run-off over extended time. There is no inmediate
suggestion of a cessation of this type of activity though hopefully
somewhat greater control is now being exercised.

In nmore recent times there has been general residential devel opnent al ong
the bay and an intensive suburban devel opment in the Kaneohe City area

The population has increased from 5000 in the 1920s to sone 60,000 by
1980. This devel opment has resulted in very large amounts of disruption
to the land surfaces to facilitate building and road making, and this, in
turn, has caused a very large degree of terrigenous sedinent input
particularly to the southeastern end of the bay.

Thus, northwest and southeast Kaneohe Bay have been subject to substantia

sedinment input; however, the central bay typically has been subject to
very little in the past or in the present. The northwest bay also has
been subject to sone input fromagricultural fertilisers and other
material s associated with agricultural activity.

Fresh water run-off into the bay also is principally concentrated in the
northwest and the southeast. The nmgjor run-off is fromthe Waikane and
i ahole streans in the northwest. The run-off into the southeast bay has
been associated only with very small local streams. Recent urbanisation
has led to substantial increases in run-off because of surface sealing and
di scontinuation of water conservation practices. Mst of the sedinent
input is carried to the bay by the various stream systens.

Figure 1indicates the approximate configuration of the bay, the [ocation
of the fresh water streans, the general tide/wnd driven circulation, and
the distribution of fringing reefs within the bay. The reefs in the
central region have been consistently in quite good condition throughout
history (except for occasional episodic kills as discussed bel ow). Coral
cover here is generally good

- a
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FIGURE 1. Kaneohe Bay on
the island of Oahu, Hawaii.
PrinciPaI wat er shed streans
and all major patch-reefs
and fringing reefs are
showm. The bay is semi-
enclosed by a substantial
barrier-reef/sand-bar strue-
ture and is considered
functionally in  three
indicated zones: northwest,
central, and southeast. The
two sewage' outfalls, in use'
to the end of 1977, are
indicated A . K 1is the
Kaneohe city outfall and MC
is the smaller Marine Corps
base outfall.' Reef-flat
sites,, referred to in the
‘paper are indicated o .
General patterns of tide/'
wind driven circulation are
also indicated

As far as we can tell fromold records, kills of the fringing reefs in
Kaneohe Bay have occurred periodically, and have been caused by mgjor
stormevents. Reef-flat community destruction has been caused prinarily by
the build-up of fresh water in the upper |evels of the water-colum.
Hstorically, sediment run-off associated with these heavy rainfall
periods, while obvious, probably has not been sufficiently concentrated or
persistent to be particularly destructive to the reef and, alnost,
certainly, recovery from these storm events by the corals and.other reef
organi sms has been quite good. The reefs have been able to survive this
cycle, we assune, throughout nuch of the Hol ocene, though the frequency of
severe run-off events is likely to have been increasedwith the effects of
urbanisation discussed previously. Simlar cycling of fringing 'reef
environments has been reported from elsewhere in the world and al nost
certainly has been seen in various parts of the Geat Barrier Reef Region

Table 1 indicates some basic paraneters of the Kaneohe Bay syéten1and also
indicates the potential inpact of the watershed in discharging fresh water
into the bay. As can clearly be seen, even 20%of, the 'average annua
rainfall occurring in one najor storm could cause as much as one ﬁe#ré of
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overlying fresh water if nost of the water ran-off into the bay, and if
the storm were not acconpanied by major wind turbulence or other mxing
effects. In so far as the reef-flats in Kaneohe Bay rarely have nmore than
a netre of water over them because of the small tides, it can readily be
seen that a single storm of this magnitude could subject all of the
reef-flat surfaces to fresh water. This would cause nearly tota
destruction of hermatypic corals and nmany other fauna, and probably flora.

TABLE 1

General information relating to Kaneohe Bay

Kaneohe Bay

reef-flat area 9km2 at average depth Im

[ggqql_éygg___ 19km? at average depth 15m

total area 28km?

wat er vol une 270x10¢m?

flushing time approx. 13 days
Wt er - shed L N :

area _ 90km?

average rainfall 1.7Tm.y-2 .
Freshwater input to bay 6m.y-*

During the years 1920-77, and particularly in the last two decades of that

period, there has been appreciable input of donmestic sewage to the
sout heastern end of Kaneohe Bay with the principle outfalls being those
indicated in Figure 1. By 1977, 20000m3.da~1 of domestic sewage was
di scharged into the bay. This material contained 550 kg BOD. However, the
nore functionally inportant inputs associated with this sewage were
di ssol ved nitrogen and phosphorous nutrients, and these were, effectively,

from one major point source (Kaneohe outfall, 14000m3.da=1) and one ni nor
point source (Marine Corps outfall, sooom3.d=") both in the southeast bay.

The stream inputs also included significant dissolved nutrients but these
were nore diffuse

Table 2 indicates the approximate nature and amounts ‘of the nutrient :
I nputs associated with both the sewage and the stream sources.




Cd TABLE 2

Nutrient i nputs to Kaneohe Bay 1&{1577 (mole per day) .

=

Total dissolved amonium nitrate total dissol ved inorganic

ni trogen, nitrogen nitrogen phosphorus ~ phosphor us
Sewage 30000 16000 3300 3000
Streams 7000 5000 320 200

Note: Sewage inputs are oontinuous and point-source
Streaminputs are episodic and rather diffuse

. The effects

The priciple effect associated with the sedinment input to the bay through,

tine has been the "inposition of a chronic stress on the reef systenms in'

both the northwestern and southeastern ends of the bay. However, in nore
recent tines, the stress on the inner northwestern reef-flats (site NW

has becone critical, resulting in the conplete destruction of any residua

"normal" reef-flat  comunities.

The chronic stress condition is caused by a coating of nuch of the living
s surfaces by sediments, wth sufficient frequency to cause physiol ogical
disadvantage, and, in the case of the autotrophs, a substantial reduction
in light intensity.

"Actual killing of the inner reefs in the northwest has been caused by
total burial of the reef surface. In this critical condition, :the
environment of the reef-flat shifted progressively from the normally
bal anced trophic state of a coral reef environment (conmunity,
phot osynthesis being equal to conmmunity respiration)  towards extrene

: autotrophy.  The reason for this is sinply that the bomunity shifted
towards total algal domnance. A contributing factor was the eventual |ack
of availability of hard substrate caused again by the burial wth

sedinment. This in turn resulted in the inability of most' reef-flat

organisms to find any appropriate place to settle and develop.

In the. southeastern end of the bay, | believe it is true to say that
L sedinent has primarily been only a chronic stress.
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The -effects of sewage are quite different to those of sedinent and-
probably quite different to those' nost commonly assumed. Wien sewage is
di schar ged, more or |ess continuously, froma point source, into a
sem -encl osed, flow ng body of water, phytoplankton will readily exhibit a
chenostat-1ike response, resulting in the localiseh consunption of the
point source nutrient input, and the formation of a plune of
phyt opl ankt on. Thus, the reefs do not have the opportunity to respond
fully to the nutrient input as the bulk of the nutrients have been
i mredi ately assimlated. The overall result in Kaneohe Bay was a tidal and
wi nd-driven plume of phytoplankton and associated zooplankton, with only
noderately enhanced dissolved nutrient levels. This plume ran from the
sewage discharge points in the southeast bay towards the central and
northern parts of the bay where it swung out into the open ocean (see fig.
1). Plankton and residual nutrient levels fell wth distance from the
outfalls because of mxing, consunption, and sone sedinentation. However,
the residual dissolved nutrient |evels were probably the. nost significant
factor by the time the plunme reached the central bay reefs.

“The plankton flow had two principal effects on the fringing reefs in the
southeast hay (sites SE, L, C). The first was to cause a substantial
l'ight reduction. The second was to subject the reefs to a significant
organic loading of assinmlable material. Thus, the overall reef response
to both of these effects was to shift strongly towards heterotrophy. There
was a decline in many algae, a serious decline in coral and coralline
al gae cover, and a favouring of the devel opment of organisms which utilise
filter feeding such as sponges, barnacles, zooanthids, etc. Because many
filter feeding organisms are also infaunal, another effect of the sewage
was to lead to very extensive substrate boring and eventually, in the main
outfall areas (site SE), to total substrate collapse. Thus, unlike
sedinent input, which nerely causes passive prevention of the maintenance
and calcification of the substrate, sewage input leads to positive
destruction of the substrate.

It was apparent that much of the observed degradation of the southeastern
reef-flats was not caused by the sewage or sedinent stress alone. The
mechanism  rather, seemed to involve episodic kills by fresh water
followed by a failure of the normal comunity to reoover under the
influence of the chronic stress inposed by the effects of sewage (and
sedimentation in some cases). This was dramatically denonstrated by the
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reef slopes in many areas of the southeast bay. Here, the corals and other

“.coral reef biota were qui te persistent bel ow the immediate influence Of

"the surface. These organisms were’surviving notwithstanding very lowlight
level s and being subjected to substantial plankton input. The adJjacent
reef-flat communities were totally modified. Simlar persistence of
"normal"communities bel ow surface layers is dramatically evident on many
reefs in highly polluted Jakarta Bay in |Indonesia.

The central site (CE) was subjected to marginally elevated, plankton and
nutrient levels. At this level of enrichment, the comunity was not
grossly nodified. However, it is interesting to note the effect here was

'to encourage heavy devel opnment of an autotroph, the bubble alga
Dictyosphaeria. Only limted increases in filter feeders (hetrotrophs)
were noticeable. As the sewage effects became nore extrenme through tine,
Dictvosphaeria noved further north in the central bay, It "clearly
represented the major initial (or marginal) response to sewage input. It
shoul d be noted, however, that even though the conspicuous effect in the,
centraal hay was the developnent of an "invading autotroph, the area
neverthel ess exhibitted a heterotrophic bal ance.

In sunmary, the southeast outfall site has been subjected to both sediment
and sewage stresses. By 1977, it no longer had any remaining hard
substrate, largely because of infaunal boring together with sone' sedinent
burial. The site, therefore, had reduced standing stocks of even, the
favoured heterotrophic filter feeders, The other southeast bay sites were
subjected primarily. to sewage related stresses, but' still had. hard
substrate overgrown with filter feeders. Normal reef organisms were at'
low, or nil, standing stocks. The central site was subjected to narginal

"enrichment of sewage origin. It exhibited general enhancement’ of all

aspects of comunity function while retaining a reasonably normal reef
conmuni ty, somewhat overgrown, in patches, with both an invading alga and
some, filter feeders. The northwest site was subjected to heavy
sedinentation, had all hard substrate buried, and was dom nated by al gae.

There was essentially no nornmal reef organisns. Al 'of tAe sites are

likely to have been subjected to increased, frequency of the episodic,

critical stress associated with fresswater run-off.
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The recovery

Over the period November 1977 to May 1978, all of the major sewage input
from Kaneohe Gty and the Marine Corps base was diverted from the bay
outfalls. The effects of this diversion, as mght be expected, were quite
dramati c. The most inmediate effect was the clearing of the water colum
due to the virtually total cessation of the plankton production
previously associated with the outfalls. This was followed quite rapidly,
within the following six nonths, by a decline in" nost of the nore
conspicuous filter feeders in the southeastern areas of the bay. Thus the
sponges, zooanthids and barnacles |argely ceased to be a feature of these
reef-flats. Fol lowing these inmediate effects, subsequent changes were
muich sl ower.

By 1982, nost of. the southeastern reef-flats, previously domnated by an
overgrowth of filter feeding organisms, now showed the underlying hard
substrate of earlier reef surfaces. Needless to say, this was not true in
the outfall area where the reef-flat substrate had literally been
destroyed by boring. Al of these southeast reef-flats were also

— exhibiting—a - -significant-—bloom—of macro-algae (NMOStly _reds).
phenomenon probably was the conpound effect of increased |ight penetration
and a continuing availability of non-point-source higher-than-nornal
nutrient levels. The latter resulted fromremneralisation of the enriched
| agoon floor sedinents accunulated over the decades of sewage input.
Little conspicuous recovery of any coral comunities had occurred by this
tine

By 1985, nmacro-al gal bloons appeared to have declined, probably reflecting
a general further decrease in the nutrient concentrations in the bay as a
result of exhaustion of nutrient input fromremneralisation of sedinents.
Al'so, by this tinme, there was evidence of good coral recovery over all of
the hard reef substrate areas in the southeast bay .and perhaps,

suprisingly, even over nuch of the unconsolidated rubble of the degraded
reef-flats near the outfall. Throughout all of this recovery period, the
central bay exhibited no dramatic changes, though there was some decrease

in the amount of Dietyosphaeria.

It now seems clear that sonmething approaching total recovery of the
central and southeast reefs of Kaneohe Bay will occur. |n the case of the
outfall site it seens likely that, notw thstanding sone degree of

This_

s
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continuing chronic sediment stress caused by the urbanisation 'Of the area |
(local regulations are now mninmsing this effect), that there will be a

reconsol i dation 'of the" reef 'surface and a redevel opnent of cofal faunawl
andcoral | i nealgal cementation.

It is,  Thowever, equally clear that the inner reef-flats in the
northwestern end of the bay, already largely destroyed by sediment burial,
will continue in their present state as none of the degradation of these
reefs was associated with the sewage input., and nothing is occurring which
is likely to cause a renoval of the heavy sedi nent overload already
existing. In fact, it seems probable that even a total cessation of
agriculture would not be likely to result in the recovery of these
reef-flats.

Concl usion

In conclusion, fringing reefs typically are quite tolerant of stresses.
They may, however, reach a certain threshold beyond which their
degradation is very rapid. | believe it is true that fresh water is the
major killer of shallowfringing reefs in a short tinme franme. Sedinent is
usual ly a chronic stress but may at times kill by burial. Sewage is
almst always likely ' to be a chronic stress and will result in
progressive, slow environmental and conmunity degradation. Chronic
stresses ensure that recovery from a freshwater kill or other episodic
catastrophe will not occur. However, it seems clear that recovery from an
almost totally degraded condition is possible in fringing reefs' once
existing chronic stresses are renoved.



-190-

Bi bl i ogr aphy

Banner, AH.(1974): Kaneohe Bay, Hawaii: Urban pollution and a coral reef

ecosystem _Proe, Second Imt, Coral Reef Symp, (Brisbane) 2: pp.
685-T02.

Kinsey, D.W (1979): Carbon Turnover and Accunul ation by Coral Reefs.
Doctoral dissertation, University of Hawaii. 248 pp. (Pull thesis
available DAl)

Kinsey, D.W (1983): Standards of performance in coral reef primary

production and carbon turnover. In Peprspectives on Coral Reefs, (ed.
D.J. Barnes) Australian Institute of Marine Science. pp. 209- 218.

Kinsey, D.W (1985): Metabolism calcification and carbon production =
systems |evel studies (plenary review. Proe, Vth Int. Coral Reef
Copgress, (Tahiti) 4, 505-526.

o+ e e e, e+ 7ty e,

Smth, S.V., KE Chave, and D T.0 Kam (1973): Atlas of KéneahemBaym: a
reef ecosystemunder stress. U_Hawaii Sea Grant Pub. TR-72-01. 128 p.

Smth, S.V. et al (10 others). 1978. Kaneohe Bay sewage relaxation
experinent. Pre-diversion report. Hawaii Inst. Mar. Biol. Rept. 166 p.

Smith, SV., WJ. Kimmerer, E A Laws, RE Brock and T.W Walsh, (1981):
Kaneohe Bay sewage diversion experinent: Perspectives on ecosystem
responses to nutritional perturbation. Pacific., 35, pp279-395.

e




§

1"'&“

4
S

g b ' T tae, h

R - e o i

MAINTAINING WATER QUALITY ON FRINGING REEFS WITH -
EMPHASIS ON TOURIST DEVELOPMENT

Kevin E Pamnell

Geography  Department
Universty of Auckland
Auckland
New Zedand

Abstract

It isin the interest of tourist operators and government bodies to maintain water qudity ‘on fringing
reefs and management practices which will maintain water quaity should be implimented. Collecting
and interpreting data on fringing reef hydrodynamics and sedimentation to enable appropriate
management decisons to be made is generdly beyond the capability of individua operators, and very

expensve.

Modelling water circulation in Pioneer Bay, Orpheus Idand shows circulation to be tidd, with bay
flushing rates generdly greater than 90%. The effect of secondary circulation in the lee of headlands
is shown to be important in establishing the nature of the circulation. The modd is then gpplied to a
number of other bays in which resorts are stuated. Methods are presented which may enable Wémer
quaity deterioration to be avoided in resort bays if basic hydrodynamic data are collected, and
appropriate  management practices adopted.

In @Qﬁc'tion

The management of a natura resource such as the Great Barrier Reef involves the manipulation of
that resource so as to optimise its long term vaue to man (Burton, 1983):. The process of resource

management usudly involves the devdopment of an inffoomd or formd management plan.
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Being in’'the zone of influence of land based activity and runoff, problems associated with freshweter
runoff (with associated pollutants) and sedimentation may be important. Tourist development on
continental idands may lead to a number of potentialy damaging Stuations requiring managemern.

The legidative framework

Any atempt to goply scientific findings to management Stuations must consder the inditutiond and
legidative framework which covers the region of interest. In the Great Barier Reef region the
respongbilities of the authorities involved in management are not aways clear.

The Great Barier Reef Marine Park Act 1975 provides for the establishment, control, care and
development of a marine park in the Great Barrier Reef region (Bates, 1983; Audtrdian Environment
Council, 1984). The system of federa government in Audrdia has complicated the adminigtrative

arrangements in relation to the Marine Park (Keleher and Kenchington, 1982). The Gresat Barrier
Reef Marine Park Act gpplies up to low water mark. The mainland and idands are controlled by state
legidation, except where owned by the Commonwedth and this control is extended by the Coasta
Waters (State Title) Act 1980 which vests title to the seabed over the three mile territorid seain the
State, but is subject to the continuing operation of the Great Barrier Marine Park Act (Brazil, 1981).

This dtuation results in an area of uncertainty around idands (including cays) and the mainland coast,
which is of particular importance to the control and management of fringing reefs. Around each idand
isa 3 mile bdt of territorid sea to which State legidation may apply dthough the Great Barrier Reef
Marine Park Act applies to low water mark, even on the mainland-(Brazil, 1981). The management of
fringing reefs and idand resorts (which are frequently established by lease within a Queendand
Nationd Pak (Ogilvie, 1981)), Stuated on high idands within the Marine Park is, therefore,
complicated by this lega uncertainty. A functiona approach (Brazil, 1981) based on consultation and
co-operation which ignores atificid jurisdictiond lines is needed. To this end, the Queendand
Government enacted the Marine Parks Act (1982) which largely mirrors the Great Barrier Reef
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Marine Park Act (1975) providing for the setting apart of tidal |ands and tidal waters as Marine Parks

(Austrdian Environment Council, 1984). Although the jurisdictiond uncertainty remains, the,

cooperative approach adopted by both State and. Federal governments appears to provide some
solution to the legidative complications.

The provisons of the Clean Waters Act 1971-1982 which prohibits the indiscriminate, uncontrolled
dumping or discharge of waste water and other polluting matter, cover GBR waters under date
jurisdiction. The Greet Barier Reef Marine Park Act covers smilar Stuations in areas under its

juridiction.

Both the Commonwedth and Queendand have accepted the’ dedrability of having environmentd
impact assessment procedures to review any developments which may affect the environment., It is
unclear whether environmental impact assessment in the Great Barrier Reef Marine Park comes under
the jurisdiction of the Environment Protection (Impact of Proposals) Act 1974, or provisons of the
Creet Barier Reef Marine Park Act. It is clear, however, that sgnificant developments within the
Marine Park will be subject to review, and that it is likely that any proposa will be reviewed by the
Great Barrier Reef Marine Park Authority. Queendand, however, has adopted adecentralised system
of adminigrative respongbility for environmental impact assessment, with no specific legidation, and
oversght by no .one department. Each depatment is required to assume responsibility for
environmental impact assessment with respect to its area of activities and responsbilities (Audraian
Environment Council,” 1984). Environmenta impact assessment on idands within the Marine Park is
within the control of the State. A pbtentid area of conflict, however, may come from developments
on idands which cause no sgnificant damage to the idand environment, but which transfer damage
to the marine environment. The management of fringing reef environments with particular reference
to resort development must involve the cooperation of federal and date indtitutions, and resort

operators,



~-196-

The modelling_process_for management

There are many different approaches to moddling, but dl have the overdl objective to describe the
system accuratdy, while smplifying it so that the modd is subgstantialy less complex than the system
itself. The most basic gpproach is the development of a conceptua mode which may be based on
logic adone or on empirica evidence. The conceptud modd is an essentia prerequisite for further
sudy, being merdly an extenson of the scientific method.

Moded development for both research and management should be based on the most relevant
atributes (or variables) for the particular problem being examined with “irrdlevant, distracting or
unknown attributes’ (Bell, 1983) being excluded. Various parts of the system should be modelled
separately, S0 that as many variables as possible can be diminated where they are not rdevant. The
red world is too complex for practica trestments of complete systems (Bell, 1983). This approach

means that the models developed can be used to answer sbecific"problens with relative esse.

Complete system models, athough useful to and useable by the specidist are not generdly useful to
the environmental manager. It isrecognised that models which are easy to conceptudise, treating few
vaiables a atime, are likely to be less complete than larger models which do not need to gpproximeate

as many variables but the techniques may be used in more Stuations, being easier to use and less
codtly.

The object of al hydrodynamic modelsis to be able to predict the concentration of a substance at al
points and at dl times, this being governed by the way the substance disperses. Solution of the
equation

C=C(x,y,z,t),
where x,y and z are space coordinates and t is instantaneous time is therefore the ided, but no
svailahle, model can wechieve, this, Srwever, mags management ¢onsidarations nnly need

goproximations, which can be achieved by smplification, with the reduction in the number of
dimensons that must be congdered. This is usudly achieved usng spaia and tempord averaging
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techniques. A coastal embayment, Which nbrrﬁdly does not Have unidirectiona Water ﬂdw,- hés ﬁ;.af,ly
advection axes and different rates of digperdon caused by the combination of al forcing mechanisrﬁs
(such as wind, tide, freshwater flow). Condderation of dl dtes within the bay a once is
unnecessarily complex, and not needed for most management gpplications. Consderation of
subsections of the bay system (both tempord and spatia) separately enables the development of
models based on consderation of smple problems rather than on one three dimensiona problem,
which is very difficult to solve The result is a cduger of modds which identify individud
mechanisms but which may be used in any combination, )

The firgt stép in the development of the modd’ clugter is the identificetion of dl fordhg mechanisms,
and the resulting water movements. Simplification of the conceptua modd follows with the removal
of dl mechaniams which have minimd effect. The modds may be developed from theorywhen it is
available, but where systems are poorly understood an empirical approach is necessary. Small scae
experiments are then undertaken to study the effect of each forcing mechanism, at anumber of Stesin
the bay, and a a number of times. Specific questions, such as bay flushing, which necessarily
involve the entire bay, are dso studied by means of separate experiments.

Models are developed within either a Eulerian or Lagrangian reference frame. The Eulerian approach
is most common, with the spatid grid being fixed. The Lagrangian gpproach has a spatid grid which
isfixed to the water, and therefore contracts and expands to follow the water movement. Field Sudies
can be smilarly dassfied, with data collection ether being Eulerian with data being collected a
specified locations; or Lagrangian, with aparcel of water being labelled and followed as it disperses.
Field studies can use both gpproaches concurrently.

The development of models, the direct examination of water movement and the determination of the
behaviour of pollutants often involves the labdlling of a parcd or parcels of water (either naturaly or
atificdly) and following the digperang parcd through time, ether by sampling the labelled parcel or

by measuring concentration at various points on a known grid. A great number of atificid tracers are
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avallable but fluorescent dyes (particularly Rhodamine WT) are generdly the most gppropriate for
management  sudies. Analyss of concentration is achieved usng a filter fluorometer or
spectrofluorometer.  Reviews of the technique can be found elsewhere (Wilson, 1968, Smart and
Laidlaw, 1977; Parnell, 1982, 1984).

The density of fluorescent dye solutions are higher than seawater. The density can be adjusted using
methanol or fresh water to reduce the density to that of seawater, freshwater or to a vaue required to
amulate an injection of a contaminant, and using glycerine to increase dendty. The ability to smulate
an injection of a solution of a particular dengty is particularly useful in the modelling of contaminant
behaviour. The release of dye with a dendty less than that of seawater enables the surface circulation

to be modelled.

The studv location

R0

The idands studied dl lie in the Central Section of the Greet Barrier Reef Marine Park, from Dunk
Idand in the north to the Whitsunday Idands in the South. All study Stes have extensive fringing ©
reef development, and are subject to broadly smilar climatic and tidd influences. Fioneer Bay,

Orpheus Idand (Figure 1) was chosen as the Ste for model development as it was representative of

many of the bays in which resorts are, or potentially may be, located. It demonstrates a number of

features desrable for resort development such as flat land suitable for building, a sandy beach, a

potential water supply, a sheltered anchorage, reasonable access to outer reefs and hills suitable for

walking tracks. Its lee side location, the nature of the reef flat, the offshore depths and the defining

headlands are dso characteristic of bays in which resorts have located. Other Stuations examined

were Hazard Bay on Orpheus Idand, and the resort bays of Hamilton, Long, South Molle and Dunk
Idands.

Pioneer Bay is one of a number of bays on the highly indented western sde of Orpheus Idand, with
a 400m wide reef flat which is completely exposed during spring low tides. The outer band of living ;
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cord is flanked by 100m of rubble with some living colonies. The inner reef flat congsts of fine to
very fine sand and cord debris with some dead microatolls. An area of mangrove is Stuated on the
southern inner reef flat, with isolated specimens esawhere. The beach in the centre of the bay rises
steeply from the reef flat into a dissected vegetated beach ridge sequence about 100m wide. The
northern and southern shores of the Bay are predominantly compaosed of small boulders (10 to 20 cm

in diameter), with consderable accumulations of cord clasts above high tide mark. The catchment of -

Pioneer Bay rises steeply to 156m with Sx smdl ephemerd streams flowing into a depression behind
the bay at each end of the ridge. During periods of heavy rainfal water percolates through the ridge
sequence discharging onto the beach and into the reef flat framework.

Thereef front is highly indented, with the base a 5m below Chart Datum (CD). The sea floor dopes
gently to 15-25 m well offshore. Pioneer Bay is sheltered from the predominant southeast and
esgterly winds. Only for a short period during the summer months when winds have a wederly

component is the bay exposed. Even during such periods, waves are small as the fetch is short due to
the proximity to the mainland. At mogt times of the year the bay is cdm, even during very windy

periods.
Pioneer Bav - Modellin

The generating forces which operate and may cause water movement within Pioneer Bay are
illugtrated in Figure 2. The most important generating forces which must be consdered are wind,
waves and tides. Additiondly, freshwater inflow and hydraulic gradients within the reef framework

must be considered.

The principal tida currents stream across the bay, north on the ebb tide and south on the flood.
Veodities are usualy highest off the southern bayhead. Additionallv, tidal.currents are required to

move water into and out of the bay. The combination of these currents is the most dominant influence

on bay circulation. Representative current diagrams for one ste near the mouth of the bay are in

R
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Figure 3. It is gpparent thet tidd sreaming is out of phase with the tide. With a smilar tidal range

velocities are lower on the ebb tide than on the flood.

A number of tracer studies using fluoroescent dyes were undertaken in order to determine the
circulaion pattern which results from the interaction of forcing mechanisms. The experiments were
carefully designed to give data on velocity and direction of water movement at Sites of interest under &
vaiety of tidd conditions, and to indicate where ‘olcl’water may accumulate.  For much of the
work, Eulerian type data would have been impractica to collect as water velocities are often near the
lower limit of measurement of commonly used current meters, and in order to study circulation at the
smal scae, the number of indruments fieeded Would have been prohibitive. Dye data can, however,
be used to estimate velocity. A generdised circulation,, based on these experiments is illustrated in
Figure 4. Experiments indicated that. there was a zone of accumulation of ‘old water near the

northern beach.

The paticular festure which makes the .bay with a fringing reef different from other coadtd
embayments is the dramatic change in water depth at the reef front. Thereis a generd upwdling at the
reef front indicated a dl stages ‘of tide. There is preferentid upwelling in smal crevices in the reef
front, but there is no evidence of preferentid movement into larger embayments. \;Vater coming off

the reef flat remains near the surface for a considerable distance.

Edimates of flushing are generdly made usang volume exchange models. The term “flushing time’
and its counterpart “residence time’, are used in many ways, but, normaly describes dthér average
resdence time of a particle in the system, or the amount of time it takes to' remove a proportion of the
water or tracer, and are usualy measured in tidd cydes: To determine flushing time for management
the bay extent is defined, and the bay partitioned. Detalled bathymetric andys's enables volume to be
cdculated. Tidd measurements must be made ‘or etimated. An approximation to an even
digtribution of dye over the bay’is achieved by dividing the bay into segments and injecting’' dye as a
dug a the centre of, each segment, the amount of which is proportiond to the segment volume.
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Alternatdly, for the answer to a more specific’ problem, dy€ can be injected at & point, or as aline
source. The results of experiments in Pioneer Bay indicated that 92% of the water in the bay a one

high tide was removed on the average tide, with most of the water remaining being concentrated
dong the northern shore. The tota proportion of dye removed over two tidd cycles was 99.5%.
This indi c&ed that the exponentia model of decay (which is generdly applied to eﬂu&y Stuati ohs)
may gpply to the bay Stuation.

As a comparison bay volume was modelled to determine flushing time Over the period of:‘the bay
flushing experiment, usng an average vaue for high and low water volumes, T (resdence time)=
4.12 tidal cycles. This compares with T= 1.08 established using fluorescent dye. Although the bay
flushing experiment usng dye may dightly underestimate T because some dye will be present below
the minimum detectable limit, it is dearly much less than T predicted using the standard volume
exchange modd. This is because bay circulation is superimposed on the volume exchange required
by the vertica tidal movement. Because much of the water within a bay is stored seaward of the reef
front if the bay did not have well developed circulaion it would have a long residence time
approaching 4.12 tidal cycles for the average tide.

The crculaion in Pioneer’ Bay is a result of many forcing mechanisms and resdud currents
associated with them.  Circulation is predominantly tidal, with the combined effect of eddying in the.
lee of the headlands, and diverging flow caused by tidal streaming againgt the opposing shore causing
flow within the bay to be opposte in direction to flow across the bay. The southern shore is a a
higher incident angle to the tiddl stream than the northern shore’ and this combined ‘with the
requirement to move water into and out of the bay, ensure higher velocities dong the southern shore
than aong the northern shore. At a smdler scae, freshwater inflow, boundary effects and the effects
of topography (particularly at the reef front) cause loca modification to the overal pattern, and cause
differing velodities in the vertical. The effect, of wind for most of the year is minima, but the effect’
for the amdl period of the year when the bay is exposed is unknown.

The movement and digtribution of sediment over the reef flat and offshore can be explained in terms
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of source and the predominant bay circulaion. Most of the sediment on the reef flat has a loca
origin, with sediment from the catchment, and cord and shell fragments from the reef flat and dope
contributing to the offshore sediment facies. The importance of bioturbation to the movement of
sediment through the system was noted.

Modelling investigetions - other bavs

Circulation in bays in which resorts are located (Brammo Bay Dunk I1dand, Happy Bay Long Idand,
Bauer Bay South Molle Idand, Catseye Bay Hamilton Idand and Hazard Bay Orpheus Idand) was
gudied (Figure 5). It was found that the most important factor in determining the nature of the smal
scae hydrodynamics and bay flushing was the nature of secondary circulation established as a result
of the relationship between the ebb and flood tidal streaming and the bay shape.

Happy Bay Long |dand has a similar agpect and tidd Sreaming to Pioneer Bay.  On the ebb tide
strong eddy circulation is developed in the lee of the southern bayhead, but because of the long
northern shore it is not reinforced by water being deflected into the bay at the northern bayhead. On
the flood tide, water moves into the bay from the north, and leaves the bay around the southern
bayhead with only dight eddy circulation dong the northern shore. Similar patterns exist in Brammo
Bay, and in Catseye Bay (except that the tidd streaming is east-west). The extent of eddy circulation
is directly related to the angle the bayheads form with the prevailing tidd stream. The circulétion in
Bauer Bay is complicated by the presence of Mid Molle and North Molle Islands, which has the effect
of lengthening the bay on its western Sde. Again, an eddy circulation is evident, but the primary
mechanism isthe diversgon of water againg the opposing headland, as opposed to the eddying effect
in the lee of a headland. Hazard bay is much less indented than the other bays and the circulaion
within the bay is dominated by the tidd streaming, illustrating the importance of bay shepe on

circulation.

<
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Water audity management problems

The two principd causes of water quality deterioration in the vicinity of resorts are caused by the

impact of wastewater (including freshwater) discharge and associated increases in sediment discharge

onto the reef, and by changes in the hydrodynamics and sediment movement due to engineering
works.

The study bays illustrate a number of these problems. Evidence from Hazard Bay, shows that a
channd across the reef flat, perpendicular to the dominant water flow is trgpping sediment moving
along the coast in both directions. The direction and velocity of flow in the channd is dtered, and
there is potential during periods of high winds for- the remova of substantid quantities of beach

sediment into the channd and off the reef fla. The long term effect of the condruction of a
watersport enclosure in Catseye Bay is as yet uncertain, but there were indications of a change in
sedimentation along the beach and accross the reef flat. The problem of retaining sand on the beach is

illustrated in Bauer Bay, where beach sand is continually being removed and deposited off the reef
flat. In two resort bays subgtantid quantities of St was observed to be flowing onto the reef flat
during periods of heavy rainfdl. This is likely to be a problem in dl bays with resort development
and is potentially damaging to resf communities. It was found that reef flat sediment in resort bays
contained substantialy more terrigenous materia than sediment in Smilar undeveloped bays.

A summary of management techniques

There are a number of techniques which can be used by the non-specidist to assg in the
interpretation of bay hydrodynamics and assgt is management decisons. Idedly information should
be gathered before wastewater discharge or engineering works begin, but the methods described may
assd in minimisng the impact of present Stuations.

Wl designed small scae tracer studies can lead to the understanding of where individua parcels of

water move. If a number of these experiments are conducted, a modd of bay circulation can be

wE
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derived using the data-and basic equations. This can then be used to predict circulation at other Stes

and times.

There are a number of techniques which are available to examine the movement and flushing of
introduced pollutants. The characteritics of atracer can be made to resemble that of a pollutant and
injected at the Site of a potentia outfall as a dug; or continuoudy over a period of time. The effect of
asngle injection can then be measured using concentration data, or by integrating the concentration
curve with respect to time a any Ste of interest, the ultimate or equilibrium concentration &t the site of .-
a continuoudy injected contaminant can be estimated (the superimposition principle). At a larger
scae bay flushing can be estimated using a volume exchange modd (which is likely to giveéa very
consarvative estimate of tota flushing), or by introducing a tracer a a number of points within the
bay in proportion to water volume, and monitoring its removd. If the flushing of a particular
segment of the bay is required, the experiment can be confined to the area of interest.

Sedimentation paiterns can be monitored by examining the potential sources of sediment, and relating
thisto bay circulation. Ve ocities and directions established using tracer data (or modd data) can then
be used to predict sediment distributions, with rates established using sediment transport equations.
The possible effects of increased sediment input or of engineering works can then be examined.

Condusions

The study of bay hydrodynamics involves a cluster of modds (Figure 6). Modds of weater volume
and flushing, and studies of boundary effects, the effect of the change in *topography &t the reef front
on circulation, and the study of other small scae factors such as water movement within the reef
framework, are used to further refine the circulation mode which is derived from a number of well

designed Lagrangian tracer experiments.

Data from a number of lee side fringing reef bays indicates that the nature of bay circulation is
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" determined by &relationship between tidl strealﬁing“ and bay 'mbrpholog;;-f The extent of eddy
circulation is related” to the extent of bay indentation. “Where eddy circulation is established bay
flushing (and hence remova of pollutants) is high. Veocities within bays are varigble and must be,
consdered when changes in sediment supply are envisaged. Once a hydrodynamic mode for the
whole or part of a bay is obtained, the likely impacts of wastewater discharge or engineering work

can be determined.

Although the legidative framework within which management decisons must be made is unclegr, it is
to the benefit of government, resort operators and vigtors that water quaity be maintained. ‘Mgor

dudies are expensve and generaly need to be undertaken by specidist personnel. Although:such
sudies are both ussful and necessary, reasonable qudity information which can be used in many
management Stuations can be obtained inexpensvely by non-specidists usng, Lagrangian tracer
techniques.
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POLLUTION AND SPONGES OF GREAT BARRER REEF AND CAR BBEAN
NEARSHORE ~ REEFS

Clive Wilkinson
Australian Institute of Marine Science
PMB No.3, Townsville M.C. 4810

The biomass of sponges was determined for nearshore coral reefs
of the Great Barrier Reef (GBR) and the Caribbean/West Atlantic

region. The techniques employed were similar to those employed
previously ~ to examine sponge distribution (Wilkinson and Trott,
1985). The data reported here represent wet sponge biomass per,

square metre based on three, 40 m2 transects at constant depths
of 20 m (or 15 m when deeper areas were not available).

Sponge biomass was considerablty larger on Caribbean nearshore
reefs than on comparable reefs of the GBR. Table 1 represents a
subjective classification of reefs by the degree of Iland
influence on the areas surveyed. In each region the reefs are
listed from lowest influence to the highest perceived, which
usually equates to human induced pollution. For instance, Clack
Reef is approximately 35 km from land in an areas remote from
settlements, whereas Pandora and Phillips Reefs are 19 and 17 km
from land, within a shallow embayment, near large towns. All the
Caribbean reefs are within 10 km of land, but in most
circumstances the land masses are small. Barbados East coast and
the Exuma cay sites are in clear water, under predominantly
Atlanic Ocean influence. By contrast, the Key Largo and Barbados
West coast sites are adjacent to areas of extensive tourist
developments. .

The data in Table 1 show clearly that sponge biomass is clearly
related to the degree of land influence. This was shown in a
previous study of sponges across the continental shelf of the GBR
(Wilkinson and Trott, 1985). The most likely causative factor is
increased organic nutrient concentration through either increased

productivity, via raised levels of land derived inorganic
nutrients, or additional organic matter from the land e.g.
Bollutlon from sewage. In areas where there is extensive human
ased development and agriculture, both sources would be
applicable.

Differences in sponge populations in the Caribbean were directly
related to the degree of land influence. The lowest biomass was
recorded on Barbados East coast and Exuma Cay sites where land
influence is minimized because the predominant currents sweep in
from the Atlantic Ocean. The highest biomass was recorded on the
two sites adjacent to tourist developments. Untreated sewage is

discharged directly adjacent to the reefs on the West coast of
Barbados  with the result that sponge biomass is almost 7 times
greater than on, the East coast. In parallel with increased

sponge  growth, there has been a decrease in the viability of
corals on these reefs because of increased loading or organic
matter and reduced light penetration (Tomascik and Sander, 1985).
The reefs off Key Largo in Florida are under the direct influence

cl\)/}‘_ extensive developmerits in the Florida Keys and the city of
iami.
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Any reduction in coral coves will have deleterious effects for
tourist developnent, as the, visitor wusually wi shes .to view
flourishing corals rather than sponges. This is nore accentuated
on the R, where sponges are. generally smaller and |ess
spectacular than. on Caribbean reefs. I'n" addition, increased
nutrient | oadings will ‘accentuate the growth of' bioerodin

organi sms, especially sponges with the result that the ree

framework will be gradually destroyed. In order to naintain
fringi nP reefs, it is essential that organic pollution be
controlled and that only well treated sewage effluents be

discharged in the vicinity of fringing reefs.
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Table 1. Biomass of sponges on fringing reefs of the Geat
Barrier Reef and the Caribbean. The reef sites are listed in
descending order fromlow to high incidence of |and influence.

REEF SI TE BIOVASS g m2
Geat Barrier Reef

Gack Reef' Northern GBR 1 9 7
Pandora Reef Central GBR 570
Phillips Reef Central GBR 399

Car i bbean/ Wst  Atlantic

Bar bados East Coast 368
Exuma_Cay East Side

St. Coix,Buck Island 654
Puerto Rico South Coast 792

St. Coix Salt River Canyon  1354.

Key Largo French Reef 1259

Bar bados West Coast 2458
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SOME  POTENTI AL PROBLEMS ASSOCO ATED WTH BOAT HARBOURS
AND MARINE STRUICTURES ON OCRAL  REEFS

M.R. GOURLAY
Department of Civil Engineering
University of Queensland

| NTRODUCTI ON
Expansion of tourism in the Great Barrier Reef region has

resulted in the development of many new _tourist resorts as well
as the upgrading and expansion of existing resorts. Virtually

all such resorts provide for holiday experiences which emphasise
the idyllic tropical island paradise or the unique natural
environment of the Great Barrier Reef. Essentia to both

concepts is the marine environment as both a recreation area and
a spectacle to be observed and enjoyed.

For these. reasons, as well as the need to provide access to the
resort, most island resorts require various marine facilities,
including jetties, boat harbours and marinas, beaches and lagoons
for water activities. Furthermore, space for marine service
areas, helipads and even airstrips, often can only be provided by
reclamation of portions of the foreshore.

When there is a coral reef, either as a fringing reef adjoining a

continental island or the mainland or a platform reef on which
the coral cay is situated, the provision of these marine
facilities and structures usually involves construction on or in
the coral reef. This paper discusses some of the problems

associated with such projects.
FRINGNG REEF ENVI RONVENTS

The principal factors that all fringing reefs have in common are
that they adjoin the shoreline of a continental island or section
of mainland = and that coral and biogenic sediments constitute a
significant proportion of their surface and up_Per substrate (1).
In other aspects they can be very different. hree examples are
given to indicate this diversity.

1. Norfolk Island (Figure la)

This island lies in the Pacific Ocean between New
Zealand and New Caledonia. On its southern shore it
has a short, narrow, exposed reef located about 50m
offshore from a sandy beach. There are several
narrow gaps in the reef which connect to a narrow
lagoon and to a small bay at one end of the reef.
This reef is subjected to heavy breakers from the
continuous swell as well as storm waves from several
directions. Wave-induced currents are well developed
with strong current outflows through the various gaps
in the reef The wave-induced circulations dominate
over tidal circulations (2).

R
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2. Hayman lIsland (Figure Ib)

1

. E

The northernmost island of the Whitsunday group,.

s lying within the Great Barrier Reef lagoon, Hayman

% Island has a wide comparatively, sheltered reef. on its

| southern shore. Tidal and wind induced circulations
dominate. Local “wind waves are small except during

occasional cyclones. The reef i s predominately
‘formed, of coral and biogenic sediments, overlying an
earlier'reef of Pleistocene age (3).

3. Nellie Bay, Magnetic Island’ (Figure Ic)

Another comparatively sheltered reef subjected to
local wind waves and some’ low ocean swell, again with

occasional cyclones. Significant Iinput of
terrigenous sediments from a creek at one end dilutes
the biogenic reef-derived sediments (4). The nature,
of the reeef substrate is not known but could be
largely terrigenous sediments with corals and reef
derived materials confined to the surface layers.,
Several fringing reefs in North Queensland have this
type of structure (1).

BOAT marBours AND NARI NAS

Basi ¢ Requirenents

Boat harbours or marinas form an essential part of many island
resorts particularly in sheltered waters such as in the
Whitsunday area. These facilities are required where it is
. desired to anchor vessels for considerable periods of, time.
§ Where only a short stay is required, for. instance for commuter
traffic, c}/a trips or inter-island transfer, an open unprotected
jetty may e adequate, although even in this case some dredging
of the reef surface may be necessary.

The basic requirements of a boat harbour,. are a navigable
entrance, a sheltered mooring area, suitable landing structures,
such as pontoons or jetties, and adequate space for services and
storage. Provision of the entrance may involve dredging an
access channel from the edge of the reef, while the mooring’'area

may also have to be dredged out of the reef. Breakwaters or

submersible bund walls maK be required to provide'the necessary
shelter at all stages of the tide. Jetties will involve driving
piles into the reef surface and reclamation of part of the reef
flat may be required to provide service areas. Navigational aids
such ‘as lights and beacons will of necessity be located on the

reef in most areas.
Envi ronnent al Ef fects,

The're are ‘many potential environmental effects which can result
from a major disturbance to the reef flat such as dredging a boat
harbour.. Some of the more obvious ones are given here as
examples, of what can happen. It is not intended to be a
discussion of all possibilities. '

LS
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Firstl¥, the dredging of the boat harbour and its access channel
may alter current and wave patterns. Mreover the consequences
of° these alterations wIll be nodified if the dredged basin is

surrounded b)[/ a breakwater or bund wall. An unprotected basin
may fill up with sedinents fromthe adjoining reef flat or froma
stream discharging into or close toit (Figure 2a and b).  Sone

of the sedinents may be carried out through the entrance channel
and conpletely removed fromthe reef surface*. A basin protected
b a reakwater or bund wall should not fill with sedinment but
t¥1e wal | may deflect the current seawards and still cause renoval
of sedinent fromthe reef surface (Figure 2c). Mreover, the
breakwat er nmay change wave directions on the reef flat and
slh.elter portions of the beach, causing changes to the beach
al i gnment .

Secondly, during dredging a surface layer of reef rock may be
broken ~ through ‘and wunderlying |loose material exposed. Thi's
material  may slunmp into the basin, effectively causin
sedinentation  additional to that described above. = Continue
renoval of this material may weaken reef surface areas
surrounding the dredged area and cause foundation problens.

Thirdly, disposal of dredge spoil may be a problemif it is not
required or is unsuitable for reclamation purposes.

ARTIFIG AL LAGONS AND  RECLAVATI ONS

Some resorts may need a shallow protected |agoon for water
activities, such as swiming, wnd surfing, paddle boats, etc.

Such--an--area-—-could-be—provided-by--enclosing -a-portion-of the-reef
flat wth a Jlowflat bund wall (Figure 3a). °~ The effect of the
bund wall is to raise the [ow tide [evel over the reef flat while
still allowng sone tidal novenents at high tide (Figure 3b).

Such a project will require extensive investigation to ensure
t hat problems  such as  pollution, changed ecology and
sedimentation are ninimsed. For instance, pol [ ution can be
mnimsed by the continual tidal inflow over the top of the wall

at  the higher tide levels and discharge through sluice at |ow

tide fromtine to time as required. However, tidal inflow
creates the possibility of reef sedinents being carried over the
bund wall into the lagoon during periods when waves are stirring

up sedinents on the reef flat outside.

Design of the enclosing bund poses various problens associated

with its appearance and safety for visitors walking on it, as
wel | as the basic engineering problems of location, stability and

water-tightness. ~  The nature of the reef surface and its
substrate is agaln inportant with regard to both their ability to
support. the bund wall and drainage structures and also their

perneability which deternmines the amount of subsurface |eakage
from the |agoon.

*This situation exists at Heron Island in the Cagricornia regi on
of the "ereac~ watrier Reef. There, a dredged boat harbour  and
access channel provide a channel for tidal outflow to renove
sedinents fromthe reef and cay into deep water (5,6). A

satisfactory and econonical solution to this problem has yet to
be devi sed.
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Reclamations on reef flats may have settlement problems as the
reef substrate consolidates. Moreover, the location and extent -
of the reclamation may cause changes to the current,circulations

and beach.,, alignments similar to those caused by breakwaters. -

‘When “the reclaimed area is close to the reef edge, for example,” ' "

the end of an airport runway, special protection structures may.
be required to dissipate wave energy (Figure 3c).

STRUCTURES ON REEFS ¢
Foundat i ons

Coral reefs generally do not make good foundations for structures
7 . Certainly structures should not be founded on sand cay or
sand banks unless the foundation is taken down onto a firm
substrate at or below reef surface level.

The variable nature of the reef structure makes design of
foundations difficult (Figure 4). Bearing capacity and pile skin
friction for calcareous sands are lower than for quartz sands and
settlements tend to be greater (8,9). Piles have a habit of -
disappearing into unconsolidated sediments’'which often underlie a
‘thin hard surface of reef rock. In these .cases raft foundations

are preferable but more expensive (10).

Design WAt er Level s

Normal water levels are determined by the tides. Even if these
are. not ‘known at a specific .location, they can usually be
estimated by interpolation. from predictions for nearby locations™.
If necessary, their measurement is simply a matter of installing
a suitable recorder and operating it for a suitable time period.

Storm tide levels are another matter altogether. Cyclonic storm
surges may result in substantial water’level increases offshore
from the reef depending upon the intensity and direction of
‘approach of the cyclone. Coastal topography can also
significantly affect the storm surge height. At Townsville
numerical modelling predictions indicate that the storm surge
from the 1 in 50 Kear cyclone would be about 3.m above predicted
tide, whereas’ the 1 in 500 %ear cyclone would produce a surge of,
almost 4 m (11). The height of these surges could be further
increased as they travelled over the shallow reef flat, On the
other hand the probability of the occurrence of very high storm
tide levels is reduced because this depends upon the surge
arriving at or near the predicted astronomical high tide.

Selection of design water levels clearly must be made taking
account of both the probability of occurrence of a given storm
tide level and the expected consequences in terms of loss of life

and damage to faciltities.
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Wave | npacts

Structures located on reefs are subjected to wave action. Under
normal conditions the waves are not very large and create few
problems. During cyclones large waves may break on the edge of
the reef. Intense plunging breakers may cause destruction of
coral at the reef edge as well as the formation of ramparts or
berms of coral rubble and shingle some short distance shoreward
of the reef edge. The breaking waves are transformed into
turbulent bores which travel, for several wave lengths across the
reef before the waves reform into smaller oscillatory waves which
continue to move landwards (Figure 5a). At low tide virtually
all wave energy is dissipated at the reef edge although water
levels on the reef flat may be increased (Figure 5b).

The’'zone of intense disturbance and aeration varies in width with
the. size of the waves and the depth of water over the reef. For
typical conditions in the Great Barrier Reef lagoon, say waves of
3 m height and 6 s period in 3 m water depth, this zone is about
100 m wide (12). For extreme waves, it might be 200 m wide.
Clearly wave impacts on structures will be much lower if the
structures are located away from the reef edge. Furthermore,
while the largest waves reaching a structure, such as a bund wall
located well back of the reef flat, will occur at the highest
water level, these largest waves will not be caused by the
largest waves offshore. The largest waves that actually reach
the structure are those which just cross the reef edge without
breaking and hence, with minimal previous energy loss, break
directly upon the structure itself (Figure 5c).

Knowledge Of wave action on reéf platforms is not very extensive.
However , the following points should be considered by designers:

(1) Structures should be located back from the edge of
the reef outside the initial breaker zone to
minimise wave impacts.

(i1) The largest waves to'reach a structure on the reef

will be those which just pass over the reef edge
at high tide level without breaking.

(iti) The height of reformed waves on a horizontal or
very flat reef platform does not normally exceed
0.55 times the water depth (13,14).

(iv) Waves breaking at the edge of the reef will
increase the water level on the reef flat by an
amount of the order of 10% of the offshore wave
h_e(;ghtl. ':’he wave set-up decreases with increasing
tide level.

(v) The prediction of cyclonic wind waves have been
improved in recent years and a numerical model,
which has been tested in northern Australian
environments, has been developed (15,16).

>
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Construction Materials

Stability of breakwaters, and bund walls ‘may be difficult to

achieve 'with ravailable methods and ‘materials., ~Coral rubble may

be too small " or unavailable; in sufficient quantltles nor. may

‘there = be a convenient, economical and environmentally acceptable
source of rock on the island or adjoining mainland. New

alternative  construction methods need ~to be developed to cope
with such  situations. such methods  might involve the
electrodeposition of calcuim and magnesium salts from .seawater

(17), or biological approaches involving the cultivation of
corals or algae to bind material together, or controlled

formation of beach rock in specified locations.
BEACHES BEH ND REEFS

Beaches behind fringing reefs tend to be formed of a relatively
steep upper beach at the shoreline, the base of which is between
mean tide level and low tide level. A lower beach of much
flatter slope may exist on the landward side of the reef flat

v

with exposed coral shingle. and living coral further offshore

(Figure 6a). The upper beach will normally be formed of medium

to coarse sand of either biogenic o r terrigenuous origin,

generally with a mixture of both types of sand., The lower beach
will tend to be finer in size. :

Generally waves reach the beach only at tide levels above mean
tide level, the largest waves occurring at high water as
explained J)I’eviOUSIC?/. The -general alignment of the beach is
determined by the dominant wave direction with sand movement
along the beach in either direction as wave directions fluctuate
about the dominant one. In some cases ocean swell from outside
the outer reef may have a different effect to local wind waves
(Figure 6b). Significant changes to the beach only occur during
cyclonic conditions when beach recession of 10 m or more can
occur. IThe timing of the cyclonic waves and surge with the tide
is crucial,.

If the cyclone occurs at low tide there is.little effect
on the beach.

If the cyclone occurs at high tide there is significant
.erosion and recession of the shoreline.

If the cyclone occurs at high tide plus storm surge there
is a disaster.

Where the ‘beach i s inadequate or has been badly eroded, beach

replenishment may be contemplated. In some cases this may be
achieved by mechanical or hydraulic movement of sand from
accreted areas back to eroded areas. Where sand has been

permanently lost from the beach-reef system or where it is
desired to improve an existing beach, it will be necessary to
bring sand from a source outside the immediate beach-reef system.
Such material should be selected with care and should have
properties a s close as possible to those of the existing stable

beach; The evironmental effects of its removal from the source

area will also have to be considered.
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SUMWARY AND  CONCLUSI ONS

1. The characteristics of a given fringing reef system

depend upon a combination of geological,
climatological, oceanographical and ecological
factors. Every reef is different from its neighbour
and an understanding of ‘the particular

characteristics of a given reef is essential if
substantial engineering works are to be constructed
on it with minimal environmental disturbance.

2. Substrate conditions of reefs are very variable and
can present significant problems when either firm

foundations or water-tightness are required.

3. Normal wave climate on the fringing reefs of the
Great Barrier Reef is relatively mild but tidal
effects are significant in most areas.

4. Extreme wind and wave conditions are infrequent but
the possible effects of cyclonic waves and surges can
be catastropic.

5. Ecological considerations will almost certainly be
more significant than in normal mainland beach
environments.

6. Very little specific data is available concerning
water  circulations and, more particularly, wave
~action on the reefs of the Great Barrier Reef.

commonly used by engineers in other coastal
environments may not be applicable.

7. As a consequence of the above facts the investigation
and construction costs for projects located on
fringing reefs are likely to be greater than for an
equivalent project on a reasonably accessible
mainland beach but may not be as great as for a coral
cay environment in exposed water.

AN |IDEA FCR RESEARCH

There is a need for interaction between reef scientists and
engineers in defining useful applied research projects. 'For
example,, the design of breakwaters and bund walls might be
improved if new methods for stabilising their materials could be

developed. Perhaps marine biologists could determine how to
cultivate corals or algae from the reef rim to provide a natural
binding of an artificital mound. Geochemists could develop a
means -of rapidly producing beach rock. The latter would be

particularly, helpful in stablising breakwaters and bund walls on
reef flats in relatively sheltered areas which are only
occassionally subjected to strong wave action.

‘Furthermore, some concepts. and desi gn £ ormulae

o
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KEY |ISSUES FCR DAY-TO DAY NMAWNAGEMENT OF FRINGNG REEF AREAS
IN THE CENTRAL SECTION OF THE GREAT BARRIER REEF MARINE PARK

~ Dr Zena Dinesen . .
Queensl and National Parks and WIldlife Service
Northern Regional Centre
PO Box 5391, Muil Centre
TOMSVI LLE Q.D 4810

BACKGROUND

The Queensl and National Parks and Wldlife Service (Q.Npws) iS
responsible for the day-to-day managenent of the Geat Barrier
Reet Marine Park, on behalf of the Geat Barrier Reef Marine Park
Authority (GBRMPA) under a joint agreement between the Australian
Cormmonweal th  Governnment and the governnent of the State of
Queensland.. = Under this arrangenent, the Conmonweal th Covernment
rovides initial capital and 50% of operating expenses, and the
alance of costs is met by the State.; Day-to-day nanagenent
responsibilities may be broadly divided into several categories
i ncluding surveillance and patrols, |aw enforcement, research and
monitoring, wth _a particular enphasis on education and contact
with park users. The Q NPWS al so undertakes the daily nanagenent
of Queensland Marine Parks within the Geat Barrier Reef region.
These Marine Parks have been established over tidal [ands and
tidal wat ers of Queensland, and responsibility for their
declaration and zoning has resided with the Premer's Departnent.
In addition, the Service is responsible for all aspects of
M- n- agene- n-t -of —the—State’s-nationalandenvironmental-parks. On
the mainland adjacent to the Central Section are several such
parks, ~while some sixty continental islands within the Section
are included in the national park estate. Al though the
|l egislation applicable to these various national park and narine
park areas does differ, conplenentary nanagenent of these

I sl and/coastal, tidal and subtidal park areas is considerably
enhanced  through the del egati on of daily managemnent
responsibilities to a single nanagenent agency.

| NTRODUCTI ON

The title of this presentation deliberately refers to fringing
reef areas, as fringing reefs can rarely be considered as clearly

del i néated entities. Ecol ogi cal |y, fringing reefs are not
isolated comunities. They are continuous with terrestrial
environments via rocky shores or beaches which abut them hi gher
up I1n the littoral zone; and with the seawater, and the soft

bottom areas adjacent to them underwater. Simlarly,'human usage

is not [imted to fringing reefs, but involves al'so the adjacent

terrestrial and marine environnents. Moreover, the inpacts of
human activities are wunlikely to originate in or inpinge upon
only one type of environment, and those affecting fringing reefs
may Wwell arise in a neighbouring area. Managenent of fringing
reefs early needs to take these inter-relationships into
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Fringing coral reefs are well represented i n the Central Section
of, -the Great Barrier Reef Marine Park, but in terms’ of reefs
surrounding  continental islands,, rather than those bordering the
mainland coastline.. The Section's principal areas of fringing.
reefs are located (from north to,south) around the Family Group,
the Brook Islands, the;Palm Islands, Magnetic Island, islands off
Bowen such as Holbourne Island, and the numerous islands of the
Whitsunday region. Most of these islands are located rather
close to the mainland relative to the width of' the continental
shelf, and it is noteworthy that there are very few coral cays
anywhere in this Section of the Great Barrier Reef Marine Park.
Substantial  fringing reef development and diversity of coral
species have been noted in locations such as the Palm lIslands and
Magnetic Island, and more detailed studies in the Whitsundays
would probably confirm a comparable diversity in-the southern
part of Central Section.

Access to mid shelf and outer shelf reefs has greatly, increased
during the past decade. Nevertheless, with the exception of
commercial fishing’ activities which are probably more evenly
spread, human usage of offshore areas focuses on a very few reefs
of particular recreational or’ tourist interest. Most human
activity within the Central Sectioni S concentrated in the
nearshore  areas, to which access is possible using a greater
variety of craft or even directély from the land, and is generally
easier, quicker, cheaper and less weather-de,pendent. With the
continuing growth of Northern. Queensland cities such :as
Townsville and the rapid expansion of the ‘tourist industry
especially in the Whitsunday region, usage of the Central Section
can only be expected to increase. Al though remarkably few
figures are available on current usage patterns of the Central
Section (and even fewer referring specifically to fringing
reefs), it is likely that inshore environments will’continue to
receive relatively much greater use overall than offshore .areas.
Furthermore, the area covered by fringing reefs in this (and
other) Sections of the Great Barrier Reef Marine Park is much
less than that occupied by non-fringing coral reefs. Thus human
usage and impact, direct or indirect, are much greater inshore,
and Iare fgenerally concentrated on or near a far smaller area of
coral reef.

KEY MANAGEMENT ISSUES

The Zoning Plan proposed for the Central Section is expected to-
go before the Australian Parliament early in 1987, and details of
the recommended Zoning Plan are at present still confidential.

However , in the light of previously zoned Sections ‘and: the Draft
Zoning Plan _issued for Central = Section, it is expected that
zoning of inshore areas will be comparatively complex to

accommodate the range and intensity of established uses.” An
important part of day-to-day management is to ensure that park
users are informed of details of the Zoning Plan and Regulations
which  may affect their activities, and'wherever p'ossible to gain
ublic  support and co-operation for the zoning. This task will
e all the more challenging in the case of the heavily used,
nearshore  waters of the Central Section and correspondingly
complexzZ Ooning.
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A further problem for day-to-day managers lies in the fact that
the management regimes in different parts of the Maritime Estate
are not necessan!jy identical. Although both the Great Barrier
Reef Marine Park and Queensland Marine Parks are multi-use marine
parks and have been zoned as far as possible to provide
complementarity, the legislation is not identical and occasional
differences or discrepancies might lead to problems with
interpretation and management. Perhaps more significantly, the
island, and coastal national and environmental parks are, in
contrast, not multi-use parks in the sense of their marine
counterparts. They are afforded a much higher degree of
protection than generally applies below high water mark, roughly
equivalent to Marine National Park ’'B’ Zone. Where this degree
of protection does not extend into the marine park (which may
often be the case), management difficulties may be encountered
where usage frequently extends above and below the high water
mark. For example, it is not always easy for a ranger to explain
to park visitors that they may not collect even dead shells or
driftwood from above high water mark, but that that may do so
further down on the beach, and may even go fishing and collecting
on the adjacent fringing coral reef!

This Workshop indicates an increasing awareness of the importance
of fringing reefs in the Great Barrier Reef Region. However, the
significance of fringing reefs has tended to be underestimated,
in terms of their scientific, recreational, and tourist and
commercial  values. Day-to-day management staff will be seeking
to promote a (greater awareness amoung marine park users of the
resources offered by fringing reefs. For example, man)é tourist
operators—and—even --private-recreation-alusersseem to be

the misconception that nearshore reefs are somehow not ‘proper’
reefs, and that ‘outer barrier’ reefs are the only rreal’ coral
reefs. A better appreciation is required of the recreational
potential of fringing reef areas, along with a recognition that
these are proper reefs, and may (as other types of coral reefs)
be vulnerable to misuse. In "addition to wusing interpretive
approaches such as displays, slide talks, and written materials,
the Service expects to be involved in specific impact-reducing
and educationa projects In fringing reef areas, such as
establishment of self-guiding reef walking/underwater trails (eg.

at Magnetic Island), and positioning of moorings in popular

anchorages (especially in the Whitsundays).

Al though our knowledge of coral reef communities has increased
substantially in the last ten or fifteen years, our understanding
of those complex ecosystems is still very incomplete; and this is
of course as much the case with fringing reefs as with other
types of coral reef. Simply because species found in fringing
reef areas closer to the mainland,tend to be more tolerant of
certain environmental stresses (such as turbidity and
sedimentation) than species more typical of clearer offshore
waters does not indicate that these inshore species have an
unlimited abilit?/ to cope with such stresses. The presence of a
handful  of coral species on the breakwater in Townsville Harbour
does not constitute a coral reef either in structure or
diversity! And while coral reef communities may indeed show
recovery following moderate siltation events or after sources of
pollution such as domestic sewage have been eradicated, the rate
of change or ‘recovery’ of a fringing coral reef community may
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not  necessarily occur within the short time scale that
environmental managers = might wish, as, the work of Done (this
Workshop Proceedings) indicates. Much more information’ is needed
about fringing coral reefs and their ability to ‘tolerate various
short- and long-term stresses (including likely synergistic
effects), and about their potential for recovery. Studies of
mainland fringing reefs in the Cairns Section discussed elsewhere
in  this Work.Shoﬁz illustrates the difficulty of establishing
causal relationships and verifying the effects’ of certain
environmental factors on reefs, especially when quite unrelated
events (such as a strong ?ale) may unexpectedly disrupt field
experiments or destroy part of a study area.

Long-term  monitoring programs need to be established to assess
the present condition of fringing'reef areas in the Great Barrier,
Reef Region, and to monitor their'well-being, particularly in
relation to known or potential human impacts. Design of such
monitoring programs will require careful planning to ensure that
data collected are relevant to precisely - formulated monitoring
obglectives and can supply the appropriate management Information.
While research and monitoring of fringing reef areas are expected
to be carried out by a range of agencies, there is clearly an
important role for the Q.NPWS, as most day-to-day management
staff are frequently working in the field and "‘are operating from
a number of locations, along the coast.

More information on humanusage of the Central Section is also
essential for planning and implementation of effective day-to-day

management . . Some very relevant questions have already been
addressed by Driml  ° { this Workshop  Proceedings) in her
presentation on tourist developments on continental islands.

Again, the Service has a'valuable role to play in obtaining much’
needed data on current and predicted trends in ‘usage of fringing
reef areas.

In conclusion, during the next few years the Central’ Section is
likely to exgerience a rapidly accelerating level of usage which
has not hit

Region. A, key ingredient for successful day-to-day management\
especially of the most heavily used nearshore areas, will be a
balanced combination of planning to take into account this
increased usage, and flexibility to adapt to unforeseen and
emergent management challenges.’ -
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PERMT REQUIREMENTS FOR OFFSHORE DEVELCPMENTS

) Simon  VWodl ey )
Assistant Executive Officer

Park Management Section
Great Barrier Reef Marine Park Authority

The control of offshore development proposals is an increasing
responsibilit of the Great Barrier Reef Marine Park Authority.
A number of these are on or could affect fringing'reefs eg.
Shelburne Bay silica sand project and Magnetic Keys project.
This paper IS an outline of the processes, legal and
administrative which the Authority follows to assess and control
these developments.

The oal of the Great Barrier Reef Marine Park Authority is to
“provide for the protection, wise use, appreciation and enjoyment
of the Great Barrier Reef in perpetuity through the development
and care of the Great Barrier Reef Marine Park”. The Authority
has also adopted aims, several of which are directly relevant to
tourist operators involving offshore developments. These are:

(a) "to provide for the protection of the natural
resources of the Reef, whilst providing for multiple
use of the Reef's resources”

(b) "to minimise regulation of, and interference in,
human activities, consistent with meeting the goal
..—. -and--other-aims—of the-Authori ty" - e ——

(c) "to provide for development compatible with the
conservation of the Reef's natural resources”

(d)’ “to minimise inhibitions on economic activities
consistent with meeting the goal and other aims of
the Authority”.

Zoning of the Marine Park is directed towards achieving the
object of the Great Barrier Reef Marine’ Park Act and provides for
as o f right wuses’ (eg. trawling in General Use 'A’ Zones) and
also for uses which require permission of the Authority.

Permits are a flexible discretionary management tool which allows
the  Authority to control offshore developments of widely
differing size, complexity, purpose and location.

In assessing applications for permission to place and operate an
offshore development in a zoned Section of the Marine Park, the
Authority has to have regard to certain criteria (Attachment A).

Offshore  development proposals usually involve substantial
hardware and/or construction. For example those along the coast
and which may affect fringing reefs can involve proposals for
construction 0 f loading facilities, marinas, bivaxwaters, arid
boat harbours, for beach replenishment and for dredging of
lagoons. Waste discharge is an important issue. The potential
impact of large numbers of visitors on one site is another factor
needing consideration. Typically, therefore, the assessment of a
major  proposal for tourist urposes  will require the
provision of detailed information &xample at Attachment B). In
seeking this information every effort is made to keep requests to
a minimum and to avoid as far as possible duplication between
different regulatory agencies.

-
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evolving disci

Each new’ proposal tends to throw up new issues, of .a technical,
policy and legal ‘nature for resolution.
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permits for offshore developments is an

/ pline.  The Authority has had to contend with
proposals which were not envisaged when the Act was first passed.

or

Some common elements are emerging in this process and are usually
reflected in permit conditions.

ermits are

ee

and

1.e.

per

For example:

limited in time - to date 12 months has

n the maximum period before renewal. This gives
the Authority flexibility to monitor the operation
adjust the conditions if necessary., This
adjustment can work to the benefit of the operator

mits are not

removal of unnecessary restrictions.

transferable. This avoids

difficulties associated with permits acquiring an
economic value and
owner .

where a proposal

sig
to

nificant, there
invoke the

Protection (Impact
automatically, mean

assessment

allows reassessment’ of a new

is judged ‘to be environmentally
is an obligation on the Authority L
provisions of the Environment ,
of Proposals) Act. This does not

that "an environmental impact

) is to be undertaken; howeverfor J)rojects
of high environmental significance it coul

involve

substantial work and public review.

the

agencies.

pro
oth

for

need for co-operation with other Government

( The Authority tries to ensure as, far as,
possible that the requirements placed on the

ponent are minimised and that, where there are
er Government agencies with similar regulatory
powers, any permit
compatible. There

co-operation are

waste discharge

or licence conditions are mutually -
is a high degree of co-ordination

and cooperation between agencies. For example, areas

works (harbours,breakwaters, marinas, etc.)

leases
mariculture
collecting
research

- moorings

' a

financial‘ bond.

ensure that there S } :
hardware from the Marine Park is required through
‘default by the owne'r. For major developments we also,

‘re
env

' a

quire financial

or bank guarantee is required to
is some redress where removal of

surety to cover possible, '

ironmental damage.

need for monitoring programs to assess impacts in ',
both the short and long term.
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Like all wmanagers we have to nake. the best decisions possible
with whatever information is available or can be obtained by the
time the decision needs to be made. Qur present approach Is to
be as conprehensive as possible in assessnment of the project to
mnimse impacts; to build into the permit protective devices
such as tine limts and financial bonds.and finally to nonitor

for feedback, review and adjustnment, if necessary.
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ATTACHMENT A

APPLI CATIONS FCOR PERMISSION - CRITERIA FCR ASSESSMENT
. }.‘ )

In considering an ‘application for permission the Authority shall
have regard to:

(i) the objectives of the zone;

(ii) the orderly and proper management of the zone;

(i11) the conservation of the natural resources of” the
Marine Park;

(iv) the existing use and amenity, and the future or
desirable use and amenity, of the area and of
adjacent areas;

(v) the size, extent and location of any proposed use in
relation to any nearby use;

(vi) the likely effects of any proposed use on adjomlng
and adjacent areas and any possible effects of the
.proposed use on the environment; and

(vii) the pr G,oosed means of access to and egress from any
use the adequacy of provisions for aircraft or
vessel mooring, landing, parking, loading and
unloading.
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ATTACHMENT B

INFCRHATION REQURED TO ASSESS APPLI CATIONS  FCR
TOR ST PROGRAM AND ASSCO ATED FAQ LI TIES

This . information_ is necessary for the assessment of an
application for permission to conduct activities of the type with
which you are involved. Provision of this information and

subsequent  assessment may obviate the need for an Environmental
Impact Study.

(a) date the facilities are proposed to be placed at the
various locations;
(b) date tourist program operations are proposed to commence;

(c) number of visitors per day expected to use the facilities
or to participate in associated tourist programs;

(d) activities that are proposed to be conducted in, on or
associated with the facilities;

(e) means of access by clients to the facilities, and details
of this. If helicopters or floatplanes are proposed to
be used, or to be provided for, this should be indicated;

(£) number of staff involved in the operation, including
number of staff who will be present at any one time;

(g9) map of reef locations showing all facilities including
positions of  units, moorings, cyclone moorings,
navigation markers and proximity of coral bommies to
those.facilities and any swing moored facilities;

(h) detailed drawings of the facilities themselves;

(i) proposed servicing and maintenance procedures including
method and place of removal of marine growth, whether
antifouling will be used and what type;

(3) whether there will be any accommodation on any structure,
and, if so, the number of persons to be accommodated,;

(k) where a structure such as a pontoon is to be installed,
an engineer’'s assessment of the suitability of the
structure for the purpose for which it is to be used in
the conditions which may occur at the site;

(1) if there will be accommodation, the contingency plans for
evacuation of the structure, including decision criteria
for evacuation, and the type and availability of

evacuation craft;

(m) details of any effluent/waste which will result from the
activities proposed, and proposed procedures for disposal
or removal;

(n) nature of the moorings including ang fixing to the bottom
and the nature of the bottom both below units and where
moorings will be placed;
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(o)

(p)

(q)

(r)

(s)

(t)

(u)

(v)
(w)

proposed action regarding units in the event of imminent,

cyclone, eg planned sinking, removal from the area, use .,

of ,additional moorings;

v

your’ estimated cost of removal, of mooring’s f rom' the
Marine Park;

your estimated cost of ‘removal of each unit from the
Marine Park:

(1) if in good condition; and

¥

(i) if totally wrecked and either stranded on reef or

sunk ;

details of existing uses of the area(s) where you propose
to operate, including effects of your operation on the,
general public’'s use of the area, and on other users eg
commercial, scientific, etc;

the likely _environmental impact of all aspects of your
operations, including effects on other users;

proposed monitoring rograms and procedures for
environmental impacts, changes etc;

details of any services to be provided by other operators
to participants in your tourist program while they are at
your nominated location(s);

details of any proposed future developmentor expansion;
whether any other operators will use your facilities, the

purpose  for which they will be used, and the number of
persons involved.
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Great Barrier Reef Marine Park Authority

!

Fringing Reef Workshop : Science, Industry and Management

Management lIssues ldentified from Assessment

of State Proposals for Marine Park Declaration

P.A. Roe, P.R. Zahnleiter, R.F. Zigterman

Cameron McNamara Pty. Ltd.

Abstract:

A study undertaken on behalf of the Queensland Government to identify
areas suitable for declaration as Marine Park under the Queensland
Marine Parks Act 1982 has revealed several significant management

issues. Key amongst these is the apparent conflict between fishing,

both commercial and recreational, conservation and preservation. In
seeking conservation, the overriding management factor has been found

to be accessibility to the fringing reef areas.

Introduction:

The comments made“in this paper are based on the experience gained

in a current study for the Queensland Premier®s Department. The study

is entitled: "Investigation of Tidal Lands and Tidal Waters of
Queensland within and adjacent to the Great Barrier Reef Marine Park
- Cairns Section fTor Declaration as a Marine Park™. Similar studies
in various stages of completion are underway on other sections of the

Great Barrier Reef Marine Park.

The aims of the investigation are to define areas suitable for
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declaration as State Marine Parks under the Queensland Marine Parks

Act 1982, and to prepare zoning "plans and management plans for these

! areas:

The Study:
The study team for.this investigation has involved the authors of this
paper as environmental planners and Dr. T, Ayling as the marine

L8}

biologist.

The requirements of the MT"arine Parks Act are .that public submissions
be called for to indicate areas considered suitable for declaration
and 1issues relevant to the management of the areas. A"total ofl18

submissions were"received (see Table 1).

The points raised in these submissions have been discussed with most
of their authors and there has been further contact with the Local

Authorities, Aboriginal Communities, commercial fishermen and some

tourist operators.

The study is being administered by an inter-departmental, working group
"convened by the Premier®s Department. Representation is" indicated
in'Table 2. Representatives of these departments and authorities have

attended meetings reviewing proposals and draft reports.

The study has been rather drawn out as similar investigations on other
sections of the reef/coast are underway and some interaction on -approach

and wording of text has been warranted.. The final areas recommended
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for declaration are apparently now agreed upon for the Cairns Section

and most of the management issues have been identified.

Management  Issues:

The key management issues relate to the apparent conflict between
fishing, both commercial and recreational (amateur), conservation and
preservation. These are considered legitimate uses of foreshore
fringing reefs. There is, however, most support and interest for

conservation of reef areas.

This iIs certainly seen as a primary objective of the State Marine Parks
Act which states that in preparing proposals regard shall be given

"to the needs of conservation of, research in and reasonable use and

enjoyment by persons of the area to Which the proposal relates" (Section—

14(2)). ‘

In defining areas and proposed zones (which are desired to be totally
complementary with the GBRMP zonings), the major issue has been Fishing
versus conservation. It is acknowledged that fishing is a legitimate
commercial activity, for benefit to the whole community, and that
recreational fishing 1is very popular. However, the case invariably

put is that if a fisherman is disadvantaged in any way, the proposal

should be dropped.

The Accessibility Factor:

In seeking conservation, the overriding management factor has been

found to be accessibility to the fringing reef. The general experience
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is that tourists do not wish to travel for more than 2 hours in a boat/-

- craft to get to a day-trip, destination. This clearly defines

destinations within about 70 km of boarding points as being regularly

visited using present craft types.”

Though this observation applies particularly to reefs and cays in the
off-shore areas in the Cairns Section, a similar accessibility factor
applies to foreshore fringing reefs. For example, Murray Reefs between
Cape Flattery and Cape Bedford are rarely visited, other than by members

of the Hopevale Community, because they are not generally accessible

from the land and are too distant by boat. However, the.fringing “reefs

north of Cape Tribulation are now more frequently visited as access

has improved.
Similarly, visitation to the Rocky Ledges reefs north of the Starcke
River has increased recently because of a change in access permission

through the adjoining cattle station.

These factors are considered to have implications which require

attention in defining management of areas of fringing reef.-

Acknowledgement:

We wish to acknowledge the permission of the Queensland®™ Premier®s

Department for reference to the, current study in preparing this paper.
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Table 1

Summary of Public Submissions

Type of Respondent

Private Individuals
Individuals with Commercial Interests
Associations and Societies

Wildlife Preservation Society of Qld.

Australian Littoral Society

Trinity Bay and Inlet Society

Australian Coral Reef Society
Local Authorities

Cook Shire Council

Cairns City Council

Mulgrave Shire Council
Government Authority

Cairns Port Authority
Government Departments

Department of Forestry

Department-of -Mines-------
Department of Local Government

National Parks & Wildlife Service
Department of Primary Industries

Table 2

Inter-Departmental  Working  Group

Premier®"s Department

Queensland Fish Management Authority
Department of Primary Industries
National Parks & Wildlife Service
Department of Harbours & Marine
Department of Community Affairs
Department of Survey & Mapping
Queensland Boating & Fisheries Patrol
Great Barrier Reef Marine Park Authority

&
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ZONING FRINGING REEFS IN THE GREAT BARRIER REEF MARINE PARR
Richard Kenchington,

Great Barrier Reef Marine Park Authority
P.0.Box 1379, TOWNSVILLE, Queensland 4810

THE ZONING PROCESS

Zoning is the management planning approach which forms the basis for
establishment, control and development of the Great Barrier Reef Marine
Park. Section 32 of the Great Barrier Reef Marine Park Act 1975 makes
detailed provision for the development of zoning plans. Their function is
to make provision with respect to the purposes for which zones may be used
or entered. Section 32 (7) of the Act specifies that regard shall be had, to
the following objects in the preparation of a zoning plan:

-.the conservation of the Great Barrier Reef;,

the’ regulation of the use of the Marine Park so as to protect
the Great Barrier Reef while allowing the reasonable use ‘of
the Great Barrier Reef Region;

‘the regulation of activities that exploit the resources.of the
Great Barrier Reef Region so as to minimize the effect of
those activities on the Great Barrier Reef;

.the reservation of some areas of the Great Barrier Reef for
its appreciation and enjoyment by the public; and

.the preservation of some areas of the Great Barrier Reef in
its natural state undisturbed by man except for the purposes
of scientific research.

The Great Barrier Reef Marine Park Authority (GBRMPA) has developed zoning
plans for the Capricornia, Cairns, Cormorant Pass and Far Northern Sections
of the Marine Park and is finaliiing the zoning plan for the Central
Section. The Far Northern, Cairns and Central Sections. all contain fringing,
reefs on the mainland coast and on continental islands. The zones, provide a

gradation of restrictions on activities which is illustrated in Table 1.
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Zoning plans are developed by a process which involves two phases of public
participation during which principal users and groups which have an
interest in the area being planned are contacted. The process has been
described in more detail %Kelleher and Kenchington (1982), Kenchington
(1984), Kenchington (1985)). Briefly, the object of the first phase of
public participation is to add to the information held by GBRMPA as a
description and definition of the resources of the area being planned and
to seek suggestions regarding the content of the plan and approach
management. The second phase consists of review by the public of a draft
plan developed by GBRMPA on the basis of a wide range of information
including results of the first phase of public participation.

In socio-economic terms there are four reasonably coherent, but not
necessarily mutually exclusive, lines of direct interest in management and
availability of reef resources in any Section of the Marine Park:

.Commercial fishing - which encompasses activities ranging from
trawling, through line fishing and trolling for pelaalc species to
collection fisheries for aquarium fish, corals and shells such as
trochus;

.Amateur fishing - which is a socially important and growing
activity ranging from the occasional non-expert fishing session in
which ~ the taking of fish is a secondary objective to highly
or?anised and efficient programs whose principal objective is the
sale of fish for cost recovery and profit;

.Tourism and recreation - the fastest growing’ area which
encompasses the provision of transport, accommodation and the

extractive” or non-extractive activities; and

. the environment observer, fish watcher, reef watcher or researcher
who observes and enjoys the reef directly.

To these may be added the category of the vicarious user and philosophical
supporter who experiences the reef indirectly through print, film or
photograph. Such a user may never visit the Great Barrier Reef but sees its
protection for present and future generations as an important national
responsibility.
CHARACTERISTICS OF FRINGING REEFS RELEVANT TO ZONING
The allocation of reefs to particular zones depends upon a number of
physical and usage factors which may be considered here in relation to
fringing, reefs:
.accessibility ~ fringing reefs which are accessible, to
coastal roads, tracks, harbours, boat ramps or safe anchorages
are likely to:
- be heavily used for a wide range of uses;
- be the site of friction between incompatible uses;
- be the site of user stress;

- be more difficult to manage than more remote reefs

to

means for individuals and groups_to experience the reef for
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«shelter ~ fringing reefs which have a high degree of shelter
are likely to have ‘large coral colonies and to be attractive
to small boat’. users. ' '

..exposure =~ fringing reefs which are exposed to waves generated
by prevailing V(inds and storms are likely to have a high,
biological diversity but to suffer quite frequent physical,
impacts which  may have major effects on biological
communities.

.turbidity -~ some species thrive in turbid conditions,’
benefitting from high nutrient levels associated with coastal.
runoff and possibly from reduced competition with species
which cannot tolerate high silt levels. Other species which
are found deep on open water reefs can occur in shallow water
‘on fringing reefs in turbid areas. Mainland fringing reefs and
those of nearshore islands occur in areas which are likely to
be turbid for much of the year. They may thus have rich and
distinctive biological communities. .The fringing reefs of
offshore islands are often remote from turbid waters and
little different in biological communities from free standing
reefs.

.salinity = most corals and many otherreef species are
adversely affected by low salinity. Species which are able to
tolerate or survive low salinity are more likely to be found
on inshore fringing reefs.

Fringing reefs, particularly those on the mainland or islands close to the
mouths of major rivers, are a distinctive reef habitat. They are

specialised and often marginal environments. They are likely to have

biological communities dominated by species which can cope with or thrive

in periods of adverse conditions such as depressed salinity following

cyclonic rains..

On populated coasts fringing reefs are often the most accessible reef sites
for recreational boating, fishing, reef walking, fossicking and, when
turbidity permits, underwater. reef viewing. In planning terms they ‘are a
scarce resource . This makes the task of developing a zoning plan more
difficult because of the lack of alternative sites for activities which may
be displaced by zoning decisions. Accessibility, particularly where'a road
comes close to a fringing reef, makes surveillance and management’ of use
more difficult. Managers can take advantage of the accessibility but they
have to be prepared to react rapidly and at shorter notice than may be the
case in more remote areas.

JURISDICTIONAL I S S U E S

For’ their greater part fringing reefs of the Great Barrier Reef are
subtidal although their upper levels extend into the intertidal zone -to the
extent that theigdorals and algae are able to tolerate exposure to the
atmosphere at low water. Much of the biological activity, such as fish

feeding, occurs at or below the low water mark as does much of the human

use of fringing reefs. Fringing reefs thus occur on a jurisdictional
interface. Below low water they are within the Great Barrier Reef Region
and as such, with few exceptions, they have been included within declared
sections of the’ Great Barrier Reef Marine Park. Intertidally they come
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under the maritime jurisdiction of the state of Queensland and may be
declared . Marine Parks under the Queensland Marine Parks Act 1982. They
occur within the three mile territorial sea of the State of Queensland
unless they are on the shore of an island owned by the Commonwealth. The
jurisdictional complexity is compounded by the multitude of interpretations
of the meaning of the term low water and further by the physical difficulty
of determining a precise location of low water even if there is an agreed
interpretation.

A further constitutional issue may arise where regulation under the Great
Barrier Reef Marine Park Act could deny access to parts of Queensland.

In practical terms, whatever the definition of low water, the boundary is
difficult to determine, particularly with a degree of precision necessary
to convince a court of law considering an offence alleged to have taken
place at or about low water. Therefore effective management of fringing
reefs and their adjacent sub-tidal and supratidal areas needs complementary
plans and regulations applying either side of the low water mark. The
policy of the Commonwealth and Queensland governments, co-ordinated through
the Great Barrier Reef Ministerial Council, provides for such complementary
action. Planning under the Great Barrier Reef Marine Park Act,1975
(Commonwealth) and under the Marine Parks Act, 1982 (Queensland) is being
undertaken in parallel for the Southern Sections of the Great Barrier Reef
Marine Park and for adjacent waters under Queensland jurisdiction. Plans
are being developed under the Marine Parks Act (Queensland) which are
Ic\;l)m[_)lemelgltalr(y to zoning plans for other sections of the.Great Barrier Reef
arine Park.

CONCLUSI ON

Fringing Teefs are generally-more accessible tham offshore reefs.. Inshore,

they often have distinctive and well developed communities of particular
Interest to scientists. On the mainland coast and nearby islands their
accessibility and the shelter provided by the islands make fringing reefs
attractive sites for a range of human activities ranging from shell
collecting and fishing to scientific research although frequently high
turbidity precludes or severely limits reef viewing activities such as
snorkelling.  Offshore, in clear waters, the fringing reefs of continental
islands present opportunities for a wide range of reef activities. Fringing
reefs are a scarce resource which present a number of problems in planning,
resource allocation and management.
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MNTORNG O FRNAING REEFS

VWendy GQaik
Great Barrier Reef Marine Park Authority
P.O. Box 1379
TOWNSVILLE QLD 4810

The Great Barrier Reef Marine Park Authority is responsible for
the care and development of a Marine Park in the Great Barrier
Reef Region. As others in this workshop eg. Kenchington, Woodley
and pineson have outlined this involves the development of zoning
plans for each Section of Marine, Park, the establishment of
management in each zoned section and day to day responses to
specific issues through permit assessment and field operations.

As far as fringing reefs are concerned, the development of zoning
plans requires Information on their locations, and the types of
uses of fringing reefs, the extent of those uses,potential
impacts and conflicts. Management may require similar
information on a finer scale or additional information to
establish management guidelines.

The provision of educational and informational material to users
and the public is fadilitated by information on the history and
development of fringing reefs and an appreciation of their role
in the terrestrial/marine interface. Table 1 gives a listing of
project s_funded by GBRMPA related to fringing reefs . .A- number of
these relate to greater understanding of fringing reef systems,
but it is also evident that many projects relate to the
deveIoPment of techniques to describe and evaluate such systems
spatially and temporally and in comparison with other reef types.
These evaluative projects are part of the monitoring program
which the Great Barrier Reef Marine Park Authority with the
assistance of its day-to-day management agency, the Queensland
National Parks and Wildlife Service, is establishing for the
Marine Park.

The monitoring program has four objectives. These are to:

1. Determine whether the objectives of the zoning plan
and regulations are being met,

2. Evkalu atthe uses and their impacts on the Marine
Park,

3. Test the well being of the biological component and
E)hek sta(ljte of the physical components of the Marine
ark, an

4. Assess the socio-economic impact of the zoning plan
and day to day management on Marine Park users and
others outside therank.,

The monitoring program is designed to provide both “baseline”
measurements to .give an insight into workings of the environment

and human activity, and to provide measurements which will give
an indication of critical change.
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The program is being developed and implemented slowly,, for a

number 0 f reasons, including wuncertainty about the natural

gariability of the reefsystem . and the difficulties of
establishing ‘projects which .will distinguish zoning effects or
human impacts from the natural variability of the system.

A systematic ‘approach, ba‘sed on a series of matrices for each
monitoring objective, 'ig being used. This matrix series.has the
following  steps for monitoring objective 1( to determine whether
the objectives of the zoning plan and regulations are being met):

Monitoring objective

\ Activities related to objective
Attributes of activity
Measurement method of attributes

An example of the matrix approach ' to monitoring the effectiveness,’
of the zoning plan and regulations is shown in Figure 1.

This procedure enables us to-identify techniques’'which range from
being in existence and implemented to those which are desirable
but need considerable development’, or those which are unlikely to
be, developed for some, years. Additionally, each technique can be
related to the objectives it is addressing.

Similar series of matrices. are being developed for the remaining
three monitoring program objectives.

For ~ more details of the development of GBRMPA’s overall
monitoring program see Craik (1986). ’

The monitoring of fringing reefs (both biological and socio-
economic) can be encompassed within all four of the overall
objectives of the monitoring program. As other speakers have
identified, fringing reefs are particularly important because, of
their accessibility and thus may be subject to impacts from both
direct activities eg. shell collecting, reef walking or indirect
impacts such as adjacent land use eg. urban development., 1
Fringing reefs may thus be subject to particularly intensive’
uses. ~ The' establishment of monitoring regimes at particular
fringing reefs is, and will be, based on the capacity of the
monitoring ‘exercises to address the overall monitoring program
objectives.

It is only with regard to monitoring objective 3 that fringing

reefs will be monitored specificall for their fringing. reef
characteristics’, i.e. as a specific “biological component” of, the

Marine Park. Although there is not always a clear separation, in
addressing the other monitoring objectives, the decision to
monitor fringing reefs will be. based largely on considerations of

use and impact. In this respect, the considerations applied to ‘I
site selection regarding fringing reefs will be similar to those -

for mid and outer shelf reefs.
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In one significant respect, however, fringing reefs have
presented a unique set of problems,” and that is in the area of
appropriate techniques. The majority of reef survey techniques
which esrvpa and others have developed have been developed at the
mid and outer shelf reefs of the Great Barrier Reef where the
water is clear, visibility is reasonable and topography
reasonably regular. Such techniques include manta towing, for
broad scale reconnaisance and coral survey, straight line life
form transects, straight line and timed-swim fish transects and
stereophotography.

However wave and wind activity in the shallow waters surrounding
fringing reefs and the proximity of such reefs to run off from
rivers and adjacent land, means that visibility is frequently
reduced to almost zero. This has meant that the assessment of
reef “health”, uses and impacts have required some fairly
extensive reconsideration and evaluation of techniques. This
evaluation has been hampered by the relative patchiness of
information on fringing reef fauna and dynamics.

The major difference in techniques is the relative failure of
broad scale reconnaissance techniques such as manta tow to be
useful on fringing reefs. Techniques  which involve greater
proximity to the resource, a reduction in area covered and a
reduction in speed of coverage are all favoured in fringing reef
monitoring studies.

Monitoring techniques can be scaled from broad reconnaissance
techniques to fine detailed techniques as shown below. From
field__experience, it is evident that f iner scale techniques are
more appropriate to fringing reef studies. However due to the
size and scale of the Great Barrier Reef Region, GBRMPA is
currently investigating development of remote sensing monitoring
techniques which = should offer considerable potential in the
longer term. It is believed that an increase in the use of
r(fe]Enotely sensed data and a decrease in field work would be cost
effective.

Scale Monitoring technique

Broad satellite sensing
aerial photography
manta tow

site description
) line transects
Fine stereophotography

As has been outlined, the monitoring of the status of condition
of (fringing) reefs currently requires, a considerable field
commitment. Tourist  operators, because of the nature of their
business are In many cases, daily or several-times-weekly

visitors to the same location on the Great Barrier Reef. Given
this frequency of contact, such operators are in an ideal
position to observe their local reef surroundings on a more
reqular basis Lhalh most reccarch grants permit. One*rouzis,t
operation, working out of Port Douglas, has established a.

monitoring program in which line transects and other monitoring
sites have been established.

B
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Should other operations be interested in and prepared t
establish similar monitoring programs 'cesrwa would be pleased to
assist. : g o S

X E R .
Lo
!
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Objectives of Zoning Plan
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Figure 1 Use of matrices to investigate monitoring objective. 1. To determine whether the
objectives of the Zoning Plan and regulations have been met.
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TABLE 1

GBRWPA FUNDED RESEARCH AND MONITORING RELATED '
To FRNGNG REEFS '

Survey
Reef and I|sland classification _
Map and CGazetteer J Qiver $20, 454 1982- 83
(Jcu)
GBR aerial photography GBRMPA $1, 000 1 9 7 7
JCU
Al MS
Maps of Cairns Reef and Islands N Harvey  $1,500~ ' 1 9 7 8
at  1:300,000 scale (Jcu)

Cceanography and (Geosci ences

Past present and future changes
in the Cairns and Townsville

urban Coast!ines. J  Spriggs $1, 700 1985- 86

(Jcu)
Sedinent Field of the North _

Queensl and Coast. A Pringle $4,332 1985- 86
(Jcu)

Modern Sedi nent Dispersal at

the Burdekin River ut h. (R M )Cart er $3, 330 1984
JCu

Sedi ment ati on between the
Herbert River pelta and O pheus

| sl and. D Johnson $5,150 1981-82
(JCU)

Study of the fringing reef at

O pheus | sl and. A Sloconbe $ 640 1 9 8 1
(Jcu)

Radi ocar bon dating of Fantome .

I sland Fringing Reef Corals. D Johnson $4,000 1982
(3cu) ,

Pal eo-environnental interpretion.

of Hol ocene corals on the Central

G eat Barrier Reef. F Muir $2, 700 1983
(Jcu)

Crculation and sedi nent

movenment on and around North

Q d. bayhead fringing reefs. K Parnell $10, 452 1983- 85,
(Jcu)
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i nformati on

CGeonor phol ogi ca
shel f coral

on continental
reefs.

Conparative structure and
rowth of wi ndward and
eeward fringing reefs on

O pheus Island, North Qld.

T G aham
(Jcu)

R Barnes
(JCu)

Marine Biol ogy

Endo-cryptolithic fauna
of Lizard Island.

Pop’n biology of Mntipora
r anosa.

LiFids in sedinments and
hol ot huri an grazing

The interactive biology of
Mont | pora ranosa.

The ecologial distribution of
hermatypi ¢ corals and crustose
corall1ne algae on the:
fringing reefs in the Geat
Barrier Reef

Scientific advice on three

areas of the Geat Barrier Reef
Moni toring iuvenile crown of
thorns starfish on Geat Barrier
Reef (Pilot Study) = Pelorus Is.

Study of devel opnent and
refinement of coral baseline and
moni toring nethodol ogy

St er eo- phot ogr aphi ¢ coral
monitoring of Lizard Island
area sites.

Manta tow gurvey Of benthes .
and crown of thorns starfish

at reefs in the proposed Cairns
Section of the Marine Park.

P Hutchings
(AMUS)

A Heyward
(Jcu)

M Peters
(Melb U

J Robertson
(JCU)

M K

Fuj i whar a
(Jcu)

GBRCC

R Bell
(JCu)

T Done
(Jcu)

A Ayling
(Sea Research

W Nash
(Jcu)

)

$900 1983
$700 1984
$ 600 1976
$ 225 1981
$ 757 1982
S 225 1981
$ 484 1982
$10, 000 1978
$ 5,000 1986
1$32,200 1978-80
$ 3,345 1984
$40, 000 1980-82

&

N,

®




. 253-

Coral trout and coral survey
of the Far Northern Section. A Ayling $47,000
(Sea Research)

"*Coral trout and coral survey .
of the Central Section. A Ayling $48,800
(sea Research)

Coral trout and, coral survey
of the Capricornia Section. A Ayling $46, 950
(Sea Research)

Assessment of juvenile coral _
"trout survey nethods. A Ayling $ 650
(Sea Research)

Vi sual censusing of coral trout ,
in Cairns Section. A Ayling $43, 750
(Sea Research)

Coral trout survey Witsunday |
and Townsville areas. A Ayling $12,000
(Sea Research)

Coral trout nonitoring at,
Li zard Isl and Reef. 'H Sweatman $ 2,340
(Mag Uni)

The establishment of a data base

for fringing high island coral

reefs in the Southern Sections of

the Geat Barrier Reef Marine ‘

Par k. R Van Wesik $14,850
(JCU)

Survey of several islands and

fringing reefs in the Southern

Sections of the Geat Barrier

Reef Marine Park. Q.NPWS $ 8,500

A survey of the fish fauna of
frin |n% high island coral reefs
0

in the Southern Sections of Geat'

Barrier Reef Marine Park. A Steven $ 1,500
.. {Jcu)

Bi ol ogy and managenent of W Nash $40,000

trochus ‘

Cape 'Tribulation

Initial site survey of Cape .

Tribulation coast fringing

reef. v A Ayling $ 2,200
(Sea Research)

Sedi mentary setting of fringing
reef at Donovan Point. D Johnson $ 5,470
(Jcu)

1984
1984- 85
1985-86
1982

1983 .

1 9 8 3

1986-87

1986-87

1986

1982- 86

1985

1985-86
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Coral recruitnent on fringing _
reefs near Cape Tribul ation. V Harriott $15, 300 1985- 88.
(Jcu)

Monitoring of Cape Tribulation _
fringing reefs. A Ayling $88, 500 1985- 88
(Sea Research)

Ef fect of disturbed rainforest

catchments on adjacent fringing

reefs at Cape Tribul ation. D Hopl ey $38, 460 1985- 88
(Jgcu)

| npacts and Anal ysis of Use

Revi ew of selected recreational
activities in the Geat Barrier
Reef . A Domm $6, 500 1976-77

Social and econom c el enents
of a strategic plan for

Wi t sunday ar ea. P McGinnity $ 600 1981
(GU)

Far Northern Section Wrkshop GBRVPA $ 8,025 1978

Touri sm Wrkshop - Mackay GBRVPA $ 9,825 1979

Reef tourism data base review ATIA $ 9,000 1980- 83 -

Resource Inventory, Far E Hegerl $ 7,550 1984 .

Southern Area, G eat Barrier D. Tarte

Reef . (AIMS)

Information facilities on the Caner on $17,600 1980

GBR McNamara

A study of the decision - N Wi ttem $ 720 1983

maki ng  behavior of day visitors (uNE)
to the Geat Barrier Reef Marine

Par k
Econom ¢ inpact study of the S Driml $ 9,930 1982
Geat Barrier Reef Marine Park T ﬁulr:l(ljl oe
(GU)
Waste Water D sposal -
Hami [ ton and Hayman | sl ands. RV Wesik § 1,000 1986-87
and
A Steven
(JCu)

CQui del i nes for management

of waste discharge to the

Marine Park. IzUQeenfi eld $15,000 1986-87
Ni

F
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Managerment of Anchorages in Marine Parks

Peter Hunnam o _
Queensland  National Parks & WIdlife Service

Sunmmary

Anchorages, are the aquatic equivalent to car parks,
showing problens associated wth the concentration of
activities = conflict between users, overcrowding,
pollution, habitat destruction and wldlife disturbance
- yet at the sane time providing nanagers wth positive
opportunities for contacting users, monitoring and
regulating inpacts, and supplying facilities and
services to enhance the site's use and enjoynent.

A prelimnary analysis is given of anchoring and nooring
within the GCairns Section of the Qeat Barrier Reef
Marine Park. The concluding sections outline a strategy
for the mnanagement of anchorages in the Mrine Park,
including the active pronotion of CARE, a Code for
Anchoring on the Reef, and propose a set of guidelines
for Low Inpact Mborings.
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Inttoductionn

The key to the management of nost parks is access .-
where people go 'and, are allowed to carry,out different
activities. .

In terrestrial parks the.science and art of controlling

access and movement Of people and vehicles are highly
devel oped. Considerable attention 4is givemn to the
planning and design of parking areas, ticket booths, and
barriers, and to the alignment and grading of 'roads and
wal king tracks. These constraints facilitate
cbst-effective management by concentrating aid

segregating visitors' activities; they provide _
"bottlenecks." at which to educate, regulate and nonitor.

In Mrine Parks, it is nore difficult physically to

control access : boat access channels are definable in
sone areas, but barriers to novenment are generally
impractical; "off-road driving" is the norm, However,

‘there are two areas which are particularly relevant to.

management e one is the boat launching ranp or jetty

from which the park user leaves the land for the

maritie park, and to which he returns, and at which he
can be assailed by managers plying information or
questions; the'second is the anchorage =« the safe haven
for the user”s boat while in the park.

Anchorages are the aquatic equivalent to car parks. As
with car parks, anchorages need to be planned and
managed properly, if attendant problens are to be
avoi ded. This paper is concerned wth Mrine Park
anchorages, and how they are inportant t0o management.

Anchorage, Anchoring and Mooring

In"this discussion, use of the terms anchorage,

anchoring and nooring is as follows ¢ an anchorage is an
area where vessels can anchor or moor wth sone degree
of safety, as a result of the area' s topography
providing shelter from wnd, wave action and 'tidal -
currents. Anchoring is the action of using an anchor to
hold a vessel at a spot; all the gear is taken wth the-
boat when it noves. A nooring is the tackle placed at a
site to provide a nore-or-less permanent *facility.
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Impacts at Anchorages

Boats and boaties have various effects wupon the areas
they frequent. These may include physical danage by
anchoring; pollution by spillage of fuel or [littering;
and direct effects on the mrine Ilife such as fishing or
fish feeding. So-ne of these inpacts are listed in

Table 1.

These inpacts becone concentrated at anchorage sites, so
that there is a danger that the sites nost frequently
seen by visitors becone degraded. Some effects my be
exacerbated by the sheltered nature of anchorages, '
pollution for exanple, because of reduced water flushing
rates, or physical bottom disturbance because the
substrate tends to be finer silts, nore easily disturbed
and transported before settling out again.

Management Opportunities

Anchorages provide rmanagers wth sone positive

opportunities as well as problens. The Concentration of
user activity - the "bottleneck effect”"- nakes it more
cost-effective to provide facilities and services, such
as vessel noorings, ranger presence, informative or
regul atory signs, interpretive trails, sw nmmng
pontoons, garbage «collection, etc., and to nonitor and
regulate activities and -inpacts.

Anchoring and Moring in the GBRMP Cairns Section

Boat skippers seek anchoring sites which are suitable
for their diverse purposes = sleeping, fishing, diving,
etc = and are reasonably sure to provide safety and
confort for the duration of the stay, allowing for tidal
changes of current and depth, and for possible changes
in wind direction and strength. Coviously, a dive site
anchorage need not be so secure or confortable as an
overnight anchorage or where a vessel is to be left
untended for a tine.

Examnation of one of the nost heavily-used areas of the
Marine Park = off GCairns- Port Douglas = indicates that,
even in the extensive, relatively-shallow and sheltered
waters of the Qeat Barrier Beef, good anchorages are
scarce. In an area of over 4600 square kilonmetres which
contains 90 reefs, there are only 40 anchorages suitable
for overnight stays, 26 in southerlies and 14 in
northerly wnd conditions. This results in a great deal
of activity being concentrated at these sites.

\]
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An estimate has been nade of the ™"anchoring pressure” in
the Cairns Section by calculating the nunbers of anchors
- set and weighed in a year (see Table 2.). The .

prelimnary survey of various categories of boat

operations in the area indicated that private ipleasure
craft and commercial fishing boats generate the greatest
anchoring pressures, followed by charter boats 'for :
diving and recreational and, game fishjng. This is wth
al l owance nmade for the.percentage frequency with.which
fixed moorings are used instead of anchors and for the
relative size of the anchor gear. The total number of
anchor drops and retrievals wthout noorings is
esti mated at roughly 183,000 a year in the Cairns

Section. The "survey indicated -also that 117 reef sit'es

are used frequently (3 tinmes per nonth'or nore) by

particular operations and that at present only 30

moorings are -installed at these sites.

Managenment of Marine Park Anchorages

Within any area of the Marine ‘Park used regularly by
boat operations, attention nmust be.paid to the rational
managenent of anchor ages.

Prelimnary, work to be done includes identifying all ..
current and potential anchorage sites and assessing the
current boat operations in the area. From this dual base
it is possible to identify the anchorage siteswhich are
used by large nunbers of boats on an occasional or
once-only  basis, and the boat operations which are
frequent users of particular sites.

It is inportant to know also the sites which are nost
vulnerable to boat-associated inpacts, by surveying for.
such conponents as physically fragile stands of coral,
fine sedinment areas and sea-grass beds; marine biota
sensitive to pollutants; sites which are prone to
congestion, or where there are conflicts between ‘
activities. oo

Four conplenentary areas of nanagenent action are
proposed

K
pronotion of CARE - the Code for Anchoring on ,
the Reef;

o prohibition of anchoring at certain, vul ner abl e
sites;

encouragenent. or re' quirenment for site-faithful
operators to install or upgrade their own
moorings; under managenent  supervision to meet
the gquidelines for Low Inpact Mborings;
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active nmanagenent of the nost heavily used

anchorages, including, as appropriate,
agency -installed  moorings, separation  of
activities, user infornation, hi gher  routine

presence, and site condition nonitoring.

Low | mpact Moorings

Morings are permanent facilities; used instead of
anchoring for convenience or security, for vessels to
return to exactly the same site, to provide a pernanent
mark, or to avoid anchoring damage. A nooring' s hardware
conprises ground tackle, cable to the surface, and
floats.

There are three min types of ground tackle wused in
mooring installations

1. cable fastened round rock or massive coral outcrops;
2. cable fastened to large weights in such a way that
there is sone novenent of cable against the seabed,
the loose cable is the shock absorber between vessel
and ground weight.

3. large weights wth cable to the surface in such a way

that there~is no moveable ground tackle: T
4. an auger or bolt enbedded into the substrate. ¥

At present, approximately half of the 30 nmoorings in the
BRW Cairns Section are type 1 and half are type 2. In
addition, there are some type 4 auger anchors installed
on trial by Queensland MNational Parks & WIdlife. Both
type 1 and 2 can cause substantial danmage : the ground
chains or wres are heavy-duty and, wth the novenent of
the nmoored vessel or pontoon, 'can saw continually

against the seabed, wearing away rock, crushing coral

and raising clouds of sediment into suspension.

#

At present, nost nooring sites are selected for
operational convenience, safety and confort; nost
mooring system designs and hardware are chosen for
security, econony and durability. For moorings in the
Marine Park, low environmental inpact nust be added to
this list of criteria

It is 'suggested that adherence to the follow ng
guidelines when installing and wusing a nooring would

ensure that the environmental inpacts are reduced. The
guidelines relate to the nooring's location, placenent,
operation, maintenance and materials. &




Quidelines for Lov Inpact Mborings

L
v
t

i
- Location _and pl acement . § v
1. The nooring's location and placenent nmust not detract

from the use of the area by others, with particular

reference to existing operations and on-site facilities.

2. The nmooring site nust be [ocated carefu‘lly}inh
relation to sites to be accessed from the nooring; and
to any ecologically~sensitive Sites in the area.

3. The nooring should be placed so that no coral reef”
will be-shaded by any pontoon or simlar facility'.

Installation and operation '

4. The ground tackle design and fastening should be such
that there is no novement of any cable (chain, wre or
rope) or any other conponent, omn or close to any part of
the seabed.

5. No part of the mporing system should be within 5
metres of any outcrop of coral or rock.

6. The iater depth at Ilow tide must be sufficient'to
ensure no inpact on any part of the seabed or reef from
the noored vessel's hull or propellor thrust.

7. There should be no _cabl es within 3 netres of the,
water surface at low tide, other than those directly
beneath the surface flotation device.

8. The surface flotation device must Dbe clearly visible
to other users of the area; light- and RADAR-reflective
surfaces should be used where practicable.

9. No toxic or noxious naterials should, be, used; in,.
particular, certain paints, anti-fouling and netal
conponents should not be used. .

, Maintenance

10. A routine visual check of all conmponents ghould be
carried out each day the mooring is wused, a thorough
service and re-fit should be carried out annually.

11. During installation and annual overhaul operations,
great care nust be taken to ensure that no danage is

done to the site by service vessels, tools or underwater
wor k “
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CARE for Mrine Parks
Code of Anchoring on the Reef

. use noorings where provided; check condition before use

. do not anchor at fragile sites

. use a suitable anchor and chain length to prevent dragging
anchor in sand or silt away from coral
ensure that anchor chain and rope do not foul coral

allow for a good depth of water beneath the boat through
a full 360 swing

—«.-1f coral _anchoring is unavoidable, -for -short-periods-use a
lightweight pick or a sand-bag, wth no chain;
protect the rope wth plastic tube &

¥
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/[ TABLE 1 Summary of Possible Inpacts at Anchorages

o v
I

Loss of amenity '
"overcrowdi ng" ’ ,
spoi |t seascape due to, moorings, pontoons, boats, signs, etc
conflict between inconpatible activities, such as
snorkelling wat er - ski i ng
anchoring reef appreciation
large boat nooring small boat anchoring
boat moor i ng boat access channel
fi shing fish watching;

Physical effects
inpacts associated with anchoring

sedi mentation; bottom disturbance; coral breakage
impacts associated with noorings :

bottom  disturbance; artificial reef; fish attractant
propellor or hull danage to substrates L
diver damage to substrates

Bi ol ogi cal inpacts

fishing

collecting marine specinens
dispersal of hull fouling organisns

feeding of fish, gulls and other scavengers
scaring‘away of narine aninals

fish aggregation

bird' roosting

Pol | ution _

littering - biodegradable, degradable, durable
waste and sewage disposal

fuel oil spillage = accidental and deliberate
anti-fouling chemcal concentration
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‘Boat Operations in the GERMP Caims Section

TYPES OF BOAT OPERATION (see Note 2)

o

A B C D E F G TOTALS
No.boat operations ifnarea 12 2 O 21 22 27 80 6000 6187
Av.no. reef trip-days/year 300 150 150 350 150 200 10
Av.no. stops/trip-day 1.5 1.5 3 5 2 1 3
% stops not on moorings 1 98 70 5 100 loo 98
No. anchorings/year 54 5500 6600 2000 8100 16000 145000 183000
Anchor gear size factor x3  xI «0.5 x0.1 x0.5 x| 0.2

Armual “"anchoring pressure” 162 5500 3300 200 4050 16000 29000 58000

No. stopping sites used 8 38 48 21 0 0

frequently by particular boats (Note 1)

No. sites with moorings 8 1 10 9 0 0

No. permitted moorings 8 15 9 0 0
Note 1 "Frequently” = 3 times per month or more

Note 2

A = large regular tourist ferries;

B = charter, extended tour operators, (diving);

¢ = day-dive tour operators;'
D= glass-bottamed hoat s, sem -subs, etc. .

E = recreation and game fishing charter boats;

F = commercial fishing vessels;
G = private pleasure hoalS (Sail and motor);

2

117

30
23

&
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PRONDNG A BEITER REEF EXPER ENCE'
! Ray Neale o ’
Assistant Executive Officer

Education/Information Section
Great Barrier Reef Marine Park Authority .

One of the real challenges to come from any workshop, this one in
particular, is to go away from it and translate the information
provided into action. We hope to help you in that task.

This segment, although aimed mainly at members of the tourism
industry, is also applicable to the data providers because it
demonstrates some of the applications and the need for good
information.

The industry and the GBRMPA desire certain outcomes: These can
be illustrated as

. Good cash return;
Bouquets and positive feedback;
Satisfied visitors;, and
A happy reef.

The four elements apply to the tourism industry such that if good
cash return is anticipated then there must be: happy visitors,
who will return to a respected operator, who works on a well
cared forreef.

The GBRMPA is pledged to provide for wise use by people,, and for
conservation of the resource, so, it also is interested in the
same four elements.

The market now is increasingly being recognised as more educated,
more discerning, and more demanding. %’hey are a more educated
clientele. Schools and educational institutions now teach
sophisticated sciences, environmental studies, marine sciences
and consumer education. ' ‘

The products _of this approach to new subjects, new methods, and
broader experience are already today’s tourists and visitors.
Their more educated children will demand even more in five years’
time.

To satisfy this market requirement an educated provider is now
essential. An educated provider will either provide a better
reef experience themselves or get an educated assistant to do it
for or with them.

It. makes good economic sense to do much more than dump: tourists
at a reef and collect them three hours fater and think that they
will again provide dollars, thank you for the trip, be satisfied,

or respect the Reef:

If 1 may use the BIOSEARCH/QUICKSILVER operation as an example:

Wendy Richards said "We have entered the age’of the
educated , tourist"; and "many people want more than a
sightseeing trip”.
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She is aware of what a rich reef experience can be and has set
about providing a detailed, rich experience for her 'clients..
Concurrently she is researching the reef area and ?row di n% bot h
herself and the GBRWA with data that wll ead to better
management . ' '

This semnar has provided sone tools in the form of informtion,
namely:~

value of fringing reefs as a resource;
bi ol ogi cal detail;

ecol ogi cal data; and

management i ssues.

Qur job is to show you sone of the nethod resources or hel pful
suggestions that are produced by the GBRWPA

| would hope also that the workshops have provided the stimulus
to seek new ways of providing the educated trip, the richer
experience

| would also urge tourism principals to accept the challenge and
seek assistants to provide that richer experience. Perhaps, it
woul d be appropriate for the industry itself to devel op operator

training and/or trained personnel 0 can be directly recruited
Porldthe t ask. There is entrepreneurial opportunity in this
ield.

There are unenployed narine biologists. Wy do they think their
on-l¥---f_uture---1-|-_es--|r_1-r-e-sea-rch-o-r teaching?-~ Way--no-t--be--a-marine
bi ol ogi st working in the hospitality industry providing this

richer. experience for tourists? Wy don't resorts enploy marine
biologists (with flair for people relationships) as  expert
ﬁperat ors? Probably because we have not expected such a thing'to
appen.

Surely, there is the potential for say regional groups to pronpt
an expert into training educators who can conduct better tours,
or to ttavel from centre-to-centre conducting operator training
cour ses. Wendy has taken the path of recruiting university
graduates but as each operationis different so also will be the'
staff training requiremnents.

In 1979 at the Tourismand the Geat Barrier Reef Wrkshop in
Mackay, M. John Richardson (ASSistant General Manager of the
Australian  Tourist Comm ssion) commented that "the attention to
detail." is essential. Wendy R chards spoke of great efforts to
attend to biological detail and to customer confort detail. She
said "I put on a slide show on the way out and once there, supply
all the equipnent, providing themwth only the best".

John Richardson went on to comment that trainin% was needed = it

cannot be left to natural instincts. perly trained,
Austral_l_ansb re very good." he said. | believe they are second
to uc  bul® many aire untidiiea’and the eaperience theypr-uv-ide

reflects it.

What to train operators at is only a matter of analysing needs,
marshalling  resources, thento gotoit. Wat is nore difficult
IS to tap into the imagination, ‘flair, and foresight that people
(including operators) have so that there will be something wth

which to train operators or to use to provide the rich
experience.

B
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Areas such as art experience tours, poetry and literary
activities, reef-based drama and ‘creative 'movement activities a r e
L virtually unheard of. Reefs are not just for looking at! and

:swimming on,’ or fishing near. They can be enriching in the
(aesthetic and cultural, fields as well. ‘ ‘

Tom, Offord conducts art instruction - cum- tourlsm trips from
Woolgoolga  to the Flinders Ranges that are rich experiences for: ‘
the terrestrial artist. There is scope for the occasional trip

.. to reefs and islands for the brush-lover but I don’'t know of

anyone who does it. Certalnly this market would not be as Iarge
as l’gh(fa "swim, dive and look” market but who knows? wWho has, ‘tried
it before?

The tranquility of early morning on a reef is ins 1r1ng and, ‘in
the hands of a good operator, many people could ‘have a very
enriched trip dabbling at a canvas, creating poetry, engaging i
tai-chi, dreaming up creative movement or puttlng their
imagjnation to work in the words of a story.

The key here is "in the hands of an expert”. Providing for the
educated tourist is not a job for the amateur.

We, at ‘the Marine Park Authority,, have been assisted’ by other
experts in developing two ambitious projects. Both are aimed at
giving operators some ideas and some expert methods and training’,,
so that better ‘information will result in a better experience for
the tourist and visitor.

+

Calvin Tilley will detail these two products.

N
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PROECT REEF-ED & REEF ACTIMTIES NANUAL

Glvin Tilley I
Education/Information Section
Great Barrier Reef Marine Park Authority @

PRQIECT  REEF-ED

“Project Reef-Ed” was produced by the Authority to encourage
St#dy (%f the Reef and help schools to organise student visits to
the reef.

The project provides teachers with a wide range of resource
materials and programs from which they can select, according to
their own needs. Suggestions are also made as to how various
kinds of programs might be constructed.

The Reef-Ed material is aimed at students in the 15 to 17 year
old age bracket which means it could be easily adapted to the
general market i.e. tourist.

The project has taken four years to develop and is considered to
be one of the most comprehensive marine education programs yet
delveloped. As you can see it occupies these eight rather large
volumes.

Volume A - Introduces Reef Education and  suggests a
rationale for education and in particular reef
fieldwork. It also discusses the learning

expe I ience S — -for—a—Reef—Education program ---

Encountering, Enquiring, Evaluating, and
Expressing. »,

Volume B = Covers the logistics of reef field trips
Sites and travel arrangements 3
Permit procedures
General considerations relating to camping,
accommodation and catering
Safety, health and First-Aid
Useful equipment
Guidelines for aquatic activities - reef walking,
snorkelling and boating.

Volume C - Outlines a number of student activities in a form
that allows them to be duplicated for immediate

use. The activities are considered in two main
groups: The Natural World; and The Human
Dimension.

Volume D = Covers back?round information on the Reef as a
whole. Biological, Geological, Geomorphological
and Oce‘anograﬁhic data 1s given and various
aspects of the relationship between people and
the reef are treated.

®
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. Companion Guides
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1. Heron Island and Reef ‘
~2. Northwest Island and Ree’f o
3. Lady Elliott Island and Reef

4 Lady Musgrave Island and Reef
Green Island, and Reef ‘ i
Reef Trips - Cairns to Port’ Douglas

Reef Trips = Townsville to Ingham

Reef ‘Trips - Whitsunday: Area

o~NAU

The companion, guides ‘provide more detailed information on the
specific area as titled. Only'the first four guides have been
drafted to date.

The current status of “Project Reef E4d" is that the draft has
been produced and is currently’being reviewed. We are currently

negotiating with the printers.. However because of the complex
nat'ure of the task this is not proving easy or inexpensive
‘(estimations are around $100,000). All donations will be

gratefully accepted.

REEF ACTIM TIES MANUAL

The Reef Activities Manual was the result of a workshop held ‘on
Green Island in November 1982.

The purpose of the manual is to be an introductory handbook for
those people conducting interpretive activities which focus on
the Great Barrier Reef,. It is designhed to be of use to tourist
operators as a training and working aid for their activities
staff, so that activities can be provided which are enjoyable and
recreational for tourists and which contribute to the
conservation of the Great Barrier Reef.

One of the guiding themes used in the construction’of the
activities was the kind of emotional experience available during
that: activity. This approach is consistent with the point of
view Wwhich argues that tourism is_ centrally concerned with
providing a rich and diverse range of experiences to people; in
short that the product sold by the tourist industry is a set of
emotional experiences. The activities in the manual are designed
to stimulate positive emotional experiences.

The main contents of the manual are divided into three sections:
Reef Activities, Reef Information and Island Activities.

1. “Reef Activities”, includes:

Introduction to coral reefs
Glass bottom boats .

Reef walking

Beginning snorkelling

Advanced snorkelling

Scuba’ diving

and a number of other activities.

2. "Reef Information” covers some aspects of the Biology,
* . Geomorphology, Geology and Oceanography of Reefs.
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3. "Island Activities" include:

Beach wal k _

Geen trail quiz

Exam nation of a coral cay
Bird identikit etc.

Currently the Reef Activities Minual is out of print and is in

the process of being reviewed and updated. It is also intended
to produce a docunent that is Reef-wide in its application. The
current manual needs updating to include additional reef

activities such as fishing, use of sem-subnersibles, high speed
catamarans, reef walking, and snorkelling trails.

B
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REPORT FROM WORKING GROUPS

Four - working groups were formed with a cross-section of interest

& areas in each group. Each. group was asked the same set of
R questlons o ’ ¥
R “ .1, What are’ the ‘needs of tourlst operators re | fringing
" reefs? 5 h
2 . What ‘are needs for research ‘and management? -

3. ‘Recommendations of the workshop?

The following is a brief - gort of each working group. The
recommendations are summarized in the Executive ‘Summary.

GROP 1 = Chairman -, Clive Wilkinson,
Scribe - Leon Zann

Neids of tourist operators.

Why the workshop has not been attractive - to tourist
operators'

Location;
2

: T i min
3. ‘Communication problems,
4. Programme did not appear interesting; ,
" 5. Operators may feel their use of outer reefs is more
- - significant.
Resear ch and nanagenent L
1. Effects of siltation on coral species: |
9 dumping silt on a batch of corals;

evidence of different species reactions are
anecdotal.

2. Long ‘term work on specific sites -« as by Done & Collms
3. Temporal variation
4 . What sort of changes are "normal" and possible
5. Understand the nature of peoples experlences
6. Understand expectations 1
Recommendations

1. Encourage resorts to engage scientifically trained people
2. Demonstrate that this may generate .income;
3. GBRMPA consider providing an attractive training
programme to operators;
4 . Encourage better liaison between resort’ and research
stations, on Orpheus, Lizard and ‘Heron, that will result,
in other resorts doing the same.

i)
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GROUP 2 - Chairman - Peter Hunnam

Needs of

‘Scribe - lan Dutton

tourist opirators

1. Fringing reefs have potential for use = how can their

best use be facilitated?
Assist operators with promotion (Expert facilitation)
Instill sense of husbandry and responsibility
Enhance awareness and value of fringing reefs
Encourage developers to assess alternatives to
maximise  opportunities (e.g. structural vs non-
structural approaches)

Research and managenent

1.

Research Needs

Definition of fringing reefs =~ i.e. an incipient fringing
reef vs a community on a reef vs fringing reef

What is the distribution/composition of fringing reefs in
the GBR Region? More surveys are needed e.g. Cumberland
Group.

WhatIo is, present “health” of fringing reefs - need for
baseline data especially from hot spots.

An improved basis for integrating remote sensing and
ground truth techniques.

To define the value of fringing reefs (e.g. fishing,

recreation, coastal stabilisation).
How do indicator species work = do processes differ
between reefs. Should they be treated differently?,

A better understanding of response to disturbance -
modelling.

Effect of siltation/run off - freshwater, herbicides.
Comparison with S.E. Asian reefs.

Management
A need for better  strategic control of  tourism
development. Zoning is not allocated according to “best

possible use" of fringing reefs.
What are limits of acceptable change.
Strategic planning at sub-zoning level.

Recommendat i on

1. That there be no more workshops until more is known.

)
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_Needs of tourist operators

GROUP_3

I
!

| I;EL.'{?}

o o SR
Lo . ! I ‘ o ltH.‘!! i

Chairman = Wendy Craik
Scribe - Kevin Parnell

i ) .

1" Tourist resorts need resources to be made a‘i)',a'ifl:able)‘
to s ' o
- assess the value of fringing reefs;
- develop activities/education packages and
training courses. )
2. Tourist operators need a clearing house for
management and scientific advice
Recommendations
1. Conduct further’ workshops which are  taken to
operators and are precisely targetted. ,
2. orkshops to include:

GROUP 4

Needs of

environmental impact statements
monitoring systems.
explanation of legislation.

Chairman « David Steen

Scribe - Zena Dinesen

touri st operators

Needs for

To take care of these reefs as ‘a useful asset.

To use them to the fullest advantage.

To make resort visitors aware of fringing reefs using

interpretation-and guides. )
To consider visitors' expectations and prepare them
for a fringing reef experience.

research and managenent

To determine what levels of stress (i.e. from sewage
and siltation) can be tolerated by fringing reefs.

To gain a better understanding of usage patterns..

To acquire more basic knowledge of fringing reefs.

To require more information on shell collecting and
on natural and collected populations of collected
mollusc species.

To acquire more information about the substrates upon
which fringing reefs grow.

To determine what systems can be used to effectively

manage easily accessible reef areas.
To determine whether the public or tourist -operators
can be effectively used as reef “guardians”.
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Recommendat i ons

' That steps be taken towards fulfilling all of the {,\g"
above  requirenents/acquiring all ~of the above ‘
i nformation. %

That the essentials of this Wrkshop be repeated in
|ocations and at tinmes nore conveni ent for tourist
oper at ors.

Donald W Kinsey, Conference Chairnman:
Fol lowing on the report of the last working group, it

seens worthwhile to nake the comment that there have been quite a
nunber of studies in various parts of the world to consider the

direct effects of sedinent load on corals and coral reefs.
Specific experinents certainly were done in both St. Croix and

laysia and | seemto recall that there have been several
ot hehrv\%. | A literature. search on this subject would be well
wor t hwhi | e. "

o
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. L SUMMARY CF V\ORKSHOP

% ) . | - Don Kinsey |
- . . Conference Chairman .
e 4 ' | -

My comments may be somewhat out of sequence in ‘that | will be
summarising  the formal workshop presentations and not attempting to
summarise, the activities of all the individual discussion groups which
have already reported to you on the results of their deliberations
this afternoon. It clearly is not necessary for me to suinmarise again
what they have just told you.

One significantly disappointing aspect of the workshop has ‘been that
we failed in our original objective to get a high involvement from the
tourist industry. This means clearly that those matters which we have
identified as being in the industry’s interest were presented mostly
from the perspective of non-industry representatives -and therefore
are mentioned here in full recognition of that. Nevertheless, |
believe that ‘' we have brought forward some, major information on
fringing reefs,together with many matters which will be useful to us,
and to others, in the future management and sensible exploitation of
this very accessible resource.

The Conference has considered the basic, setting and: description of
fringing reefs. We have have considered many aspects of the human use
of fringing reefs. We have had very successful discussion with, the
few tourist industry representatives that we did have. We have
considered a number of very important specific issues that affect
fringing reefs in a negative way. We have considered the management
of fringing reef environments and we have considered several matters
relating to the education of, the public in relation to fringing.reefs.

| I will try to summarise some of my general impressions of the matters
I presented and discussed, _but_clearIF/ cannot hope to address all
K} matters which have been raised in the last two days.

Perhaps one of the most significant points to emerge on
Thursday was a contradiction on the instability yet
resilience of fringing reef systems. We have heard today
of the very great “survivability” of fringing reefs but we
p Qave Ial_so heard of their tendency to exhibit very abrupt
eclines ,

I  don' t Dbelieve these are iIn fact in any sense,
contradictory. I think what we are seeing ‘is that
fringing reefs have a very "on-again/of f -again" type of
his tory. It really just depends on which point ‘in their
development one happens to look at, as to whether they are

seen to be unstable or surviving well and/or declining or
recovering.

It is, therefore, very important that we’ recognise this
somewhat, erratic behaviour. for what - it frequently' is;
namely, a natural feature of fringing reefss. We should
not always blame our own actions for the apparenteffects
N which we see. It is, of course, equally important that we

, do not blame nature for what we have ourselves done tO

v v these systems.
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. On Thursday we heard about many aspects of the uniformity
of fringing reefs in both the biological and ecological |
sense. Today we have heard quite a bit about their &‘"
considerable variability in physical parameters. Y

®
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Yesterday | developed a sneaking feeling about the beauty
of fringing reefs. It seemed that perhaps we were trying
too hard to convince ourselves of their beauty when, in
reality, there seems to be generally a rather low level of
interest, at least in the surface levels of fringing
reefs, by the avera(];e visitor and that this perception is
probably substantially enhanced by the generally dirty
water.

Sally Driml indicated that she believed people generally
wished to see pretty things and it seems rather clear that
the common perception of fringing reefs is that they are
not very pretty and that may be, in a superficial sense,
true.

Zena Dineson generally supported this perception but
indicated that any individual's understanding of a system
varir(]ed very much as a function of their real familiarity
with it.

David Colfelt explained that it is not particularly
difficult, if one is dedicated to the task, to demonstrate
the subtle beauty of such systems to the average person
whose initial perception has been that the system is
- ___unattractive.

B
. It seems there is still a need for a convincing case to be i
made for promoting biological excellence in the personnel
used in the commercial exploitation of fringing reefs for P
tourist activities. We clearly recognise the desirability
of such excellence but its cost-effectiveness has been
queried by a number of people.

Perhaps  the most relevant opinion | can make is that

people with biological training are available in .
considerable excess at present and they do not cost
significantly more, if at all, than other people who might

be used for general interactive tasks in association with

these tourist activities.

Ross Woods has indicated a general tendency amongst
tourists these days to be looking for *“experiential”
enjoyment in their holidays and there is a tendency in
these trends towards a "do It yourself" emphasis. There
Is, however, an emphasis on.doing this in relative luxury.
It seems to me that these tendencies could be very
compatible with . fringing reefs because of their easy and
comiortable accessibility. This is “likely to iead to
‘tourists having the time and the interest to appreciate
the subtleties of these systems. | hope that we .may be . W3
able to take advantage of the trends. ‘,n
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We have heard some stimulating ideas on fisheries’

. ' management. I think it is perhaps unproductive for'’ me to
By y comment further on this.

& ) We have discussed many specificuses of reefs for both .
y : fun and profit and .ve finished Thursday with an extremel

good discussion with the industry representatives whic

made it clear that' they do make use of fringing reefs but

that the potential for considerably more use certainly

still exists.

. In the area of ‘management, it is clear that there are
difficulties in the resolution of highly'polarised’ issues,
and that there is perceived to be difficulties in the
application of management strategies.

There also seems to be a recognition of some aspects of
duplication in requirements among the various agencies.

It is clear that a great deal of management emphasis has

o . been placed on the perceived greater problems of fringing .
’ reefs and their monitoring.

It is also clear that there is a need for better output
from managers to the user and for substantially increased
feedback from the user . "

Ve certainly will make use of the information which has come out in

- .:m i this workshop and clearly recognise the need for a different. form of
R workshop if we wish to address more directly the tourist industry
m}}ﬁ . representatives whom we regretably had here in such small numbers.

%, '

" I hope that you have all benefited from the experience of being here

and | thank you all for coming.

Finally 1 would like to thank particularly Claudia Baldwin for her
efforts in organising this workshop, and her helpers, Scotty Miller-
Smith,  Christine Dalliston and Felicity Gra?/.’ I would also like to
thank the Arcadia Resort for their substantial help and ‘in fact Hayles

generally for assisting in the arrangements for smooth running of this
workshop. '
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Donald W. Kinsey, GConference Chairnman

Following on the report of the last working group, it
seems worthwhile to make the comment that there have been quite a
number of studies in various parts of the world to consider the direct
effects of sediment load on corals and coral reefs. Specific
experiments certainly were done in both St Croix and Malaysia and |
seem to recall that there have been several others. A literature
search on this subject would be well worthwhile.




EXCURSION - DAY 3, OCTOBER25 N

A field trip was scheduled for the third day of the workshop.
The site, Orpheus Is. fringing reefs, was chosen as it provided, a
good illustration of reefs with a high d_iversit%/ and coverage of
corals and algae; yet subject to a Vvariety of wuses (‘tourism,
research) and therefore pressures.. Participants snorkelled at a
reef at the northeast end of Orpheus' Is. The group then visited
the Orpheus Is. Research Station at Pioneer Bay and had a tour_of
the giant clam mariculture project. This included viewing

induced clam spawning in tanks and snorkelling to .see clam pens
on the reef.

The trip provided first-hand exposure to some fascinating

fringing reefs and succeeded in confirming the value of, fringing
reefs. £
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