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demanding phase of the bivalve life-cycle. The larvae have quite
modest requirements of algal food. .Thus they appear to be good
candidates for development of an artificial diet, which would
obviate the need for algal culturing facilities. Artificial
diets (microencapsulated food partiéles) have been developed for
penaeid larvae, but not yet for bivalve larvae (Langdon and
Siegfried, 1984); so the development of a microencapsulated diet
for giant clam larvae would be a major breakthrough.

Nursery phase

The late-stage larvae, pediveligers, are transferred to
outside tanks from intensive culture or allowed to settle in
their hatchery tanks in extensive culture. The newlyFsettled
juvenile clams are 0.2 mm shell length and it is some months

before they are visible on the tank surfaces where they have

settled. The juvenile clams must commence their symbiotic
relationship with zooxanthellae soon after settlement and the
recently-metamorphosed juvenile clams are "inoculated" with
zooxanthelléé obtained from pieces of mantle tissue of adult
clams (Crawford et al., in press). This proceedure saves
maintaining cultures of zooxanthellae. |

In the first batch of T. gigas juveniles reared in early
1985 there was very heavy mortality between settlement and 5 mm
shell length (Crawford et al., in press). Less than 1% of the

" original pediveligers survived this period. The minute size of

the juVenile clams compared to the dimensions of the nursery
tanks made it impossible to observe the occurrence_of this
mortality and'to identify the causal factors. Overgrowth by
benthic algae, which thfi&e in the strong Sinight conditions

required by the juvenile clams with their autotrophic
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zooxanthellae, was suspected of reducing light and water exchange

for the juvenile clams;’ Some benthlc predatory 1nvertebrates may .

also have been 1nvolved in the mortallty.

Improv1ng surv1val through th1s nursery phase was another o

step to be made in developlng marlculture technlques for T.

-

gigas. This was achieved during the rearlng of batches‘of

juveniles in summer 1985/1986 by using prepared substrates and a
. regular cleaning regime to control the growth of\benthic}algae.
Two substrates were prepared on the bottoms of nursery tanks: a

'dried‘lime—sand slurry and a thick layer of carborundum beads

(Mullite) glued with polyester resin to a fibro base. Survival

after'Several months was approx1mately 17% and 8% on the

carborundum bead and lime- sand surfaces, respect1vely, compared

w1th approx1mate1y 5% on an untreated f1breglass tank base

(control); Th1s level of surv1val through early Juvenlle

'development achleved on the carborundum bead surface is quite

acceptable by the standards of commercial bivalve hatcheries.

Ocean-nursery phase

At approximately 20+‘mm shell length the juvenile clams are

‘ready to be transferred from the land based nursery tanks to the

field. At thls size they are easy targets for predators and must“

be held in protect1ve contalners (ocean nursery phase)..Also,
because of their dependence on light they must be held In two—

dimensional systems. The‘ usual methods of culturlng fllter-

“feedlng b1valves in the f1eld, €.g. suspended on lines or stacks

‘of plates, are three dimensional systems and 1nappropr1ate for

glant clam Juvenlles, where only the upper-most 1nd1v1duals would‘

receive enough light. It is also because of this two-d1men31ona1p

‘.early as poss1b1e and to get the Juvenlle clams 1nto the f1eld

'culturlng that there is need to conclude the nursery. phase as
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despite the additional - hazards from predators. As the juvenile

clams grow, their requirements for tank space can only be met by

<

the expensive option of adding to the number of tanks in the
seawater system, to increase the évailable surface area; not by
the less expensive option of having deeper tanks and increasing
the volume.

As described earlier, Heslinéa et al. at MMDC,‘Palau, rear
juveniles of T. derasa on the subtidal substrate of a reef lagoon. .
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 Orpheus Island, fringing coral reefs and
adjacent areas were used, and four alternative methods for
holding the clams were tested in an initial small-scale study.
The 5uvenile clams were placed on granite chip substrates in

perforated plastic trays (freezer trays) , 55 x 30 x 9 cm,

covered with 26 mm plastic mesh. The four methods of holding the
clams in trays were: 1. on frames suspended from floats; 2. on
packs 1l m above the bottom; 3. on the bottom subtidally; and 4.
on the bottom intertidaily. The potentially favourable features
of a floating system are that the clams are kept near the surface
'in high light levels and away from their benthic predators.
Racks have the same advantages of higher light levels than on the
bottom and protection from. predators. The intertidal situation
has potential advantages of accessibility without the need for
diving (Munro, 1985b) and of high light intensities. However,
there are potential disadvantages of}intertidal rearing in terms
of mortality from exposure and of lowered growth rates as the s
clams' metabolism 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 to the research statlon. Th1s bay

fls on the western 51de of Orpheus Island and faces towards the

mainland. It is sheltered from the prevaillng easterly w1nds and
thus is more protected but more 311ty than the environment on the
eastern side of the island. Some trays of clams were‘also

established on the fringing reef at the northeastern side of

" Orpheus Island on the bottom subtidally and intertidally for

comparison with those in Pioneer Bay. The clams on the

northeastern reef experienced stronger wave action, lower

turbidity and, presumably, greater water turnover than those in

Pioneer Bay.

The results of the FRSI study revealed that t he floatlng
trays, surprisingly, showed poor surv1val and growth of clams.
Racks were best for growth, with mean‘growth increments of
greater than 10 mm per month during the summer months, and they
showed good survival of clams. Surviyal was high in the subtidal
benthic'trays,'but growth rates were,lower than on the racks:;
while growth rates were high, near 10 mm per month and there was
no mortallty (excluding equipment failures) in the 1ntert1dal

benthic trays. The mortality in the floating and rack baSed

trays appeared to be largely from small barasitic gastropods of

the family Pyramidellidae. These ectoparasites settle from the

plankton onto the clam shells and feed on the. clam's blood and
tissues by inserting their long proboscis between the valvesf
Numbers of them can be found‘on some infected juvenile clams‘and
1n these individuals the tissues progressively shrink untll they

d1e. The pyramidellids also occurred on similar s1zed Juveniles

in the seawater system but they were not observed on the clams

in benthic trays in either the subtidal or 1ntert1da1 zone.‘fIt
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appears that small benthic predators, which must be able to pass
through the 25 mm mesh covering the trays, normally control the ¢
pyramidellids, and that in the seawater system and above the
substrate in the field these prédators are absent. Gerfy
Heslinga at MMDC has also found that pyramidellids do not trouble
benthic juvenile clams in the field, but occur on tank~held clams
(pers. comm.). It is paradoxical that, in the field situations
that seemed potentially free of predators, the clams suffered
high mortalities because a predator of their ectoparasites was
apparently alsé absent. Studies of the biology and epidemiology
of the pyramidellids are planned.
In addition to their influence on growth.and survival, the
four methods of holding T. gigas juveniles during the ocean-

nursery phase were assessed in terms of their practicability: v

cost and ease of/construction, propensity for equipment
failures, ease of maintenance and levels of fouling (affecting
the amount of maintenance). The benthic intertidal method was
sﬁperior in each of these, with the exception of propensity for
equipment failures. The one weakness of«the intertidal situation
was exposure to strong wave action during heavy seas. Thus, when
vaclone Winifred passed north of Orpheus Island in February 1986,
causing strong winds into Pioneer Bay from the north, three of
the twelve trays in the)intertidal zone were torn from their
bases and carried away, while none of.the subt idal trays were.
lost (the floating trays were taken out before the cyclone
struck). Intertidal systems must be securely fixed to the ‘
substrate to resist periods of strong wave action, | 5
Comparingrgrowth rate data for the two fring;ng reef

localities, it was found that, despite the lower turbidity and
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generally more oceanic conditions at the northeastern'fringihg

,reef site, the Juvenlle clams there were growlng substant1ally

slower than those in the equ1valent pos1t1ons in. P1oneer Bay.wﬁ

L This was espec1ally the case for ‘the intertidal pos1t1on on the -

*:northeastern reef. The detrimental factor here was dlsturbance

of the clams bvaave action, which was especially strong at the

shallower site. It is not clear how disturbance adversely

- affects the clams, but sensitivity to movement appears to be also

implicated in the poor results for growth 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 detum and -

further groups of T. g1gas were put out higher in the 1ntertldal

'zone of the fr1ng1ng reef of Pioneer Bay to test the1r tolerance

of exposure. Initial results over the winter months 1ndlcate

‘that levels up to 0.8 m tidal height have no pronounced effect on

growth and survival of these juvenile clams; however, clams at

approximately 1.2 m tidal helght survived but showed no growth

The di fference between 0.8 m and 1.2 m tidal levels.in:termstof

mean daily periods of exposure during the winter months is from
approximately 4 to 9 hours, respectively, per 24 hour period\orvv
from 3 to 5.5 hours, respectively, durihg daylight hours. It
seems that ocean-nursery phase juveniles of T. giggs can tolerate

mean daily periods of exposure up to 4 hours per 24 hour period

"without strongly deleteriocous effects on their growth'and

survival.

The 1ntert1dal zone of protected fringing reefs is obv1ouSIY"

-very su1table for the ocean-nursery culture of T. g1gas 1n the

GBRnreglon,.both in terms of being a favourable env1rohmentvﬁor

the clams and also in terms of the logistics of commeroial"
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mariculture. Also, for the developmént of giant clam maricﬁlture
in Pacific countries (the objective of the ACIAR-funded Project),
the intertidal zone has obvious advantages where SCUBA facilities
are unavailable or inappropriate. Thus, a major research effort
is being made at OIRS to develop intertidal systems for the
ocean-nursery and later grow-out phase of T. gigas.

Two kinds of large protective containers are being assessed

as alternatives to the trays that were used in the initial

2.3 m X 1.2 m X 0.2 m with a hinged 1id made from a sheet of
galvanised steel mesh, 6mm diameter steel and 100 mm mesh size,
and enclosed with a finer protective mesh., They are being tested

both intertidally and subtidally. The protective meshes used on

wire meshes, but only plastic meshes are being used in the
intertidal zone, because of higher levels of corrosion. Lines
are 30 m long containers, 1.1 m wide and 0.2 m high, made from
two 30 m rolls of plastic mesh: one roll makes the base and the
other the 1lid. The lines are held in place with metal stakes and
subdivided with internal partitions into 2 m long compartments.
The reason for compartmentalising the lines is to restrict the
movements of any predators that may penetrate into the line.

Grow-out phase

The largest T. gigas juveniles reared are now greater than
100 mm (at age 20 months) and during this 1986/87 summer will be
transferred to the grow-out phase, i.e. removed from the
protective containers and placed on the surface of the fringing
reef in Pioneer Bay. The size at which ﬁhey-are large enough to

be virtually free of predators will thus be determined. The

studies. These are "boxes" and "lines". Boxes are containers

the subtidal boxes include—"chickén"—and-"trellis" -galvanised—— -
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_shells of T. gigas in thlS size range are'thinner and thus more‘

_eas11y crushed than those of T. derasa and thls may well requlre‘

that T. glgas be reared- to a larger s1ze before the grow out
phase. B '

Recently a permit was ‘obtained from GBRMPA to set up a small
ocean—nursery and grow-out site in the lagoon of John‘Brewer

Reef, within'the area of the "Reeflink" operation. This will

- serve for a comparison of growth and survival in the lagoon of a

hmid-shelf reef versus the fringing reef culture at OfphSUS‘

Island. Inspite of all the advantages of fringing reef culture
and the apparently good results obtained to date, the possibility
exists that fringing reefs are sub-optimal environments for T.

gigas compared to. reef lagoons and this possibility must be

~tested.

IN CONCLUSION
As mentiohed earlier, T. gigas is not the only giant clam
species that inhabits fringing reefs and the techniques being
devefoped at OIRS are not only applicable to T. giggg. IIn other |

parts of.- the Pacific region partlcular giant clam spec1es have

economic significance. For example,‘H. hippopus and espec1a11y

H. Qorcellanﬁs are - important in the shell trade: 1n: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 Hirata,yl984;
M. Yamaguchi, pers. comm.) These three species typicallyvoéchr
in shallow. conditions on fringing reefs. |

‘To'developathe commercial mariculture of giant clams

requires more than solving biological.problems.and efficient’

production methods. It involves investigating the existihg and




potential markets for giant clam products, research on product
"development, and research on sociological and economic aspects of
giant clam mariculture. Such studies have been undertaken or
initiated by the Forum Fisheries Agéncy, ICLARM and ACIAR (e.g.
Dawson, 1986; Munro, 1985; Tisdell, 1986).

Development of a mariculture industry for giant clams on
fringing coral reefs in the Pacific region would represent a
ma jor new mode of use of these reefs. There-are currently
industries based on culturing benthic algae, e.g. Eucheuma and
Caulerpa 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 BARRIER REEF
s 2 ‘ _ ~FIRST IMPRESSIONS

- 5 S  ; Bryony Barnett En i

ABSTRACT 4 : SR , N

‘shell collectlng is a popular activity of visitors to the Great
Barrier 'Reef, including members of shell clubs, tourists and
casual visitbrs 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. ' o

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
L collection. ‘ : Co

. As an extractive activity, management is seen to be necessary,
8 ‘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. ’

INTRODUCTION

| . The reefs of the Great Barrier Reef Region are known to support’
‘ over 4,000 shell-bearing -mollusc spe01es. The distribution-
patterns vary according to factors such as the physical nature of
the reef, the local climate and proximity to the coast and human
settlements.. Mollusc shells have long been appreciated by man
for their. aesthetic appeal, particularly by shell collectors.
Today those who exploit the resource may be broadly categorized
as follows. ‘ '

l{Cdmmercial shell collectors. This category includes retailers
who collect shells for 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 derived from
O 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

e
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_ the Great Barrier Reef Region. Only two fishermen hold licences
to fish trochus on the Great Barrier Reef, most of which occurs
on the seaward side of offshore reefs (Nash, 1985). A small
number of prawn trawlers fishing outside reef areas are known to
retain shells for purchase by dealers and specimen shell
collectors. There 1is anecdotal evidence of 1low numbers of
regular visitors from the southern states who spend several
months 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, local or
worldwide, representative of selected taxa. The individual
interests of specimen collectors vary, ranging from the
scientific to the aquisitive and competitive approach.
Collections vary accordingly, with competitive collectors being
more interested in the taking of live material in pursuit of the
"gem" specimen for potential display. Shells are obtained by
personal collection, purchase and exchange. Many such collectors
belong to shell clubs and discussion groups of which there are
eleven on the Queensland coast, with active membership totalling
approximately 150.

3. Casual collectors, exemplified by the beach walker, reef

visitor, tourist, diver and sailor is attracted to the more

showy, colourful specimens, 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 number of people are at present
conducting research on molluscs on the Great Barrier Reef. 1In
each case, collection targets a single species from specified
sites and all collection information is recorded systematically.

WHEN, WHERE AND WHAT DO THEY COLLECT?

Collecting sites favoured by specimen shell collectors are
coastal reefs and accessible inshore reefs. 1In addition, most
shell clubs organize at least one club trip per annum to more
distant reef locations. Trips conducted by Queensland shell
clubs during the past 3 years averaged one 2-3 day trip per
annum, on a charter vessel, with 8 to 13 collectors. Trips were
timed to coincide with low water Spring tides, giving the reef
walkers 2-3 hours of collecting on exposed reefs. A "shelling
season" is recognized, covering the monthly 1low tides (May-
September). For 3-4 days each month the low tides result in good
infra- and sub-littoral exposure during the daytime, allowing
access by walking and wading. Committed shellers will plan their
activities and holidays around these dates 1in order to take
advantage of every opportunity to pursue the hobby and will focus
on specific sites known to be productive, often travelling
‘considerable distances. A limited amount of night shelling
occurs at the summer low tides. In all cases shell collecting
would be the prime objective of a reef visit by such people.
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‘The most popular shells collected by specimen collectors, all
gastropods, - are the cowries (Cypraeidae), cones. (Conidae),

volutes (Volutidae), strombs (Strombidae), olives (Olividae),

mitres (Mitridae) and murex (Muricidae). With the development of
‘a collection more 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 popularlty of
these shells is highest with more sc1ent1f1c collectors. _

Collecting by casual reef visitors and tourists is usually
incidental to other activities. Areas most likely to be subject
to this form of collecting are fringing reefs close;'to
settlements, tourist resorts, caravan parks and camping sites,
and reefs frequented by charter boats. Collecting by this group
is, on the whole, less discriminating than that by club members.

Many casual collectors would be unable to identify the shells
they are collecting and may be unaware that most shells contain
a live animal. The loss of interest as the molluscs decompose is
exemplified by repeated reports of shells discarded in resorts
and caravan parks. Shells most likely to be taken are the most
visible and readily available specimens on fringing reefs and
sandbanks- cowries, strombs (including the popular spider shell,
Lambis lambis) and olives. Highly patterned cone shells are also
popular but 1likely to be collected with more caution. Much of
the material collected by the casual collector, including beach
specimens, would be considered of unsultable quallty for the
specimen collector.

HOW DO SHELLERS COLLECT?

- Shell collecting involves extensive wading, reeft walking,

overturning of rocks and boulders and shallow digging and raking.
In extreme cases coral heads are broken in the search for
specimens. Most club collectors, however, claim to 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 own needs,
. do not remove juveniles, shells on eggs or egg-cases, .
leave adult shells with scars and breakages to breed,
the empha51s being on sustainable yields of the resource. |

On the whole the code is observed but many such collectors w111
admit to collectlng extra shells for the purpose of resale and
exchange and it is likely that the discovery of a rare shell will
result in its removal whatever the condition. The interest in
obtaining morphological and colour variants means that most
private collections will contain several specimens of each:

' species. The collectors’ attitude to shells is influenced by the
‘relative -~ "rarity" value, this . itself being governed by

availability on a local and worldw1de scale.

There ' is- wadespread concern from club members that the .casual
collector exhibits destructive collecting behaviour, often
failing to return rocks to their original position, removing

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 collectors

once- the animal decomposes. Likewise, the few semi-commercial
collectors, frequenting accessible ' coastal fringing' reefs at .
every opportunity are believed to. abuse the collectlng code for,

the purposes of monetary ga1n | : )
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~ IMPACT OF SHELL COLLECTING

What 1is the potential impact of shell collecting on the reef?
The two major points of concern are:

. depletion through overcollection,

. depletion through habitat destruction, o '
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 any
observed decrease in numbers is attributed to "natural
fluctuations". The clubs tend to police activities within the
groups, discouraging collecting behaviour contrary to the code.
The 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-commercial—collector—taking-all the shells-found.—— - __

There 1is 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 1level. The emphasis has been on the commercially
exploited species Trochus niloticus (Nash 1985), tridacnid clams
(Yonge 1975, Heslinga 1979) and the red-lipped stromb, Strombus
iuhuanus, which has been the basis of a traditional fishing

industry in the Gulf of Papua for centuries.

-5
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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 wunderstanding 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 (Volutidae), the
largest of which is the popular bailer; shell Melo amphora, which
reproduce by direct development. Eggs are laid in capsules from
which 'the young emerge directly. As a consequence ' local
populations. develop distinctive characteristics, mich sought
after by collectors, one noteable example being the Heron Island
volute, Cymbiolacca pulchra. Both this de51rab111ty and the' lack
of larval dispersal make them 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, Cypraea stolida brevidentata
which, though dispersed throughout North Queensland, i1s most
heav1ly collected on the fringing reefs of Dingo Beach, by

. specimen and semi-commercial collectors alike, resulting in local

depletion.. Other shells at the same locality would be subject to
heavy collecting pressures s1mu1taneously

Further to the immediate effect of depleted populatlons of
molluscs, the removal of a link in the food chain Jhas been seen
to cause ‘imbalance in East African coral reefs (Kendall 1985).
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 a major predator, the giant triton Charonla
tritonis (Endean 1977).

'The recognition that shell collecting has had an impact on

molluscan populations on several reefs emphasizes the need for
local management of the limited resource on a sustainable yleld
basis, particularly in the light of increasing reef" usage.

Management‘ options practlced overseas are the ,1mp051tion.of
controls and restrictions ' such  as - take 11m1ts,,closed areas,
export controls; the establishment of marine parks and reserves;
education and small-scale mariculture (Wells 1986). ,

On  the Great ‘Barrier 'Reef recreational shell collecting, like
most activities, is regulated in Sections of the Marine Park for
which zoning plans have been developed, and is allowed in the
General Use Zones "A" and "B", subject to possession of a permit
obtainable from Queensland Natlonal Parks and Wildlife Service
Maritime Estate Branch. Permits are issued for periods of up to
12 months and permit holders are requlred to submit a collection
report with each application for renewal. Since 1981 274 permits

! ' | '
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have been issued to groups of one to 42 individuals, mostly shell
club - members, for periods of one week to 12 months. Collection
of Tridacnid clams, the helmet shell Cassis cornuta, the trumpet
shell Charonia tritonis, and shells on egg masses 1s prohibited.
The permits authorize only the taking of shells for the private
collection of the permittee and for 1limited exchange. This
represents a revision of the original bag-limit of two specimens
of each species which was received by club collectors with
considerable opposition.

The export of Australian native shells is requlated by the
Australian National Parks and Wildlife Service though no sound
policy has yet been developed for the export of molluscs under
the Wildlife Protection Act. As an interim measure authority
has been granted to a number of shell clubs and dealers to export
shells on condition that permission is obtained from ANPWS prior
to the export of each consignment and a list of the shells
supplied.

Though still in the early stages some inadequacies in these
management measures are apparent. The original objectives of the
permit system were:

1. to encourage responsible behaviour by reef users,
2. to separate potentially conflicting activities,
3. to impose limits on certain activities,

4. to collect data on the activity.

Preliminary assessment of the permit returns and discussions with

. _collectors_ _reveal that _some __of these objectives_have not been

realized. The majority of people applying for shell collecting
permits already see themselves as responsible reef users. The
casual collector is the one least likely to be in possession of a
permit and may be wunaware of the requirements. Estimates of
permit non-compliance by two shell clubs , using a randomized
response survey technique, indicated that, whilst people were
willing to make the initial permit application, there was a high
rate of non-compliance with permit conditions suggesting
significant underestimation of the quantities of live shells
removed (Chaloupka, 1985). The value as a monitoring tool is
therefore questionable, with very low collection returns (10%)
being recorded to date.

Policing in the field 1is seen by many to be inadequate. Only
approximately 2% of the shell club members (100-plus) questioned
on this subject have been approached in the field to date.

Shell collectors are further confused by the status of the
coastal fringing reefs on which they collect, several of which,
at present, fall outside the Marine Park and are therefore
covered by State jurisdiction, as yet undeveloped. '

The export controls also lack credibility. The data accruing to
ANPWS contains obvious misidentifications and taxonomic

. ‘ : . : :
confusion. Recommendations made by Willan {(1986) in a review cof

the shell trade in Australia emphasize that this legislation be
rescinded.
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ALTERNATIVE MANAGEMENT OPTIONS

It 1is clear that localized regulatory measures, directed towards
"~ all collector groups, are necessary, and must concentrate on ‘the
hlgh—lmpact frlnglng reefs, unless ' they are to be regarded as

"sacrificial ~sites". "‘-Club members themselves, in their

representations to GBRMPA, ' have supported the . pr1nc1pal of

periodic closures of the Dlngo Beach area, on a cyclical basis.

Habitat management is more feasible than species management at
this stage but if such measures are to be taken seriously,
adequate policing should be ensured, albeit a problem with
current field staffing levels.

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 campers with their permits, and to school groups, is
recommended. It is acknowledged that some club members already
play a significant part in school education by means of

instruction and displays. Further afield, the East African.

| W11d11fe Society has produced a series of posters for display in

Kenyan " hotels and resorts, illustrating the damage caused by
shell and coral collectlng (Wells and Alcala, 1986)

Whilst club members may be considered more enllghtened than -

others they should be encouraged to reassess their collecting
behaviour by means of supervised participation in monitoring
programmes on a local scale. Such programmes should be seen as
supplementary to. more detailed research on the biology of the
major target species.
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REEF WALKING: A SHORT REVIEW

- by: Dr M J Liddle and Dr AM Kay tf
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 foered 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 out on the inter-tidal flats of
coral reefs at low tides, usually without any special physical skills or

' equipment, but 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 will 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
unfaniliqrity with the terrain. Many reef resorts issue walking sticks and
protective footwear so 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 wmost 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 assoclated 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 jjve 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 trampling +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. 1In comparison trampling
broke up many of the upright branching corals and most of the
honeycombed dead coral skeletons at the sheltered site. Ditches
partially filled with dead coral rubble were formed along pathways :
which were traversed as infrequently as five times every three months N
‘(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.

RESOURCE EVALUATION

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?
How vulnerable is the area to trampling damage?
What is its present level of damage?

[ >3]

The scope of this paper does not allow a detailed account of methodologies

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
techniques suitable to various levels of input of both time and money.

MANAGEMENT OBJECTIVES

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 flat cites of different composition are unlikely to regenerate at
the same rate after a given amount of reef walking damage.
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These considerations suggest three' general criteria for the determination

of acceptible environmental change
i Visual evidence of physical damage should be minimal.

it 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 oOr
reasonable period of closure.

IMPLEMENTATION OF OBJECTIVES

‘:GENERAL APPROACH

Broadly speaking there are two approaches which can be used in: the

formulation of management techniques. , ‘ o
They are:

(a) Control visitor . numbers and/or guide or influence visijitor
behaviour ‘ ;

(b) Alter the environment so it is less susceptible to damage.

These two approaches are not mutually exclusive and often onderlie'the same
management technique as shown in Table 1 which 1lists 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 nonitorihg 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 '

‘Aneeded to detect rapid degradation before it goes too far.

composition; - level of use. A full account of these techniques is also
given in Kay and Liddle . (1985), and they conclude with a commént on
carrying capacity. ‘ .

‘The \elements that may be recorded are: Mechanical change; coral -
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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 o X X
Elevated walkways X X .
Transp1an£;f{gﬁ 8¥ Eora1s o X ) i
Limiting access X "
Closed seasons and ‘ : K

rotational use X
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CONCLUSION

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 result

- 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.
Jn'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's minds
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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FRINGING REEFS:
THE TOURIST'’S VIEW?
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 ‘'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 ~exampleés in life =~ from the notorious unreliability of - -

'eye witnesses’ to crime, who often infer things 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. Ifbexpectation 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 learning
how to ‘’see’. 1If 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 1is 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.
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As the = tourist wings his way towards his Barrier Reef
destination, his mind is filled with thoughts of ’'Bali Hai’, a
subtle suggestion put there by tourist promotlon which has spoken

i of troplc isles.. AR : Lo e

o

:10

He looks ' out Ithe window of his ‘plane and catcbes.tempting‘

glimpses of coral waters and sand beaches.

1

:25
The islands present a very plea51ng 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 v1brant 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 , ’ 3

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
promised. This afternoon, the tide will be low, and he will have.
his first look at coral - on a fringing coral reef.

1:36 .
But where 1is 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 g01ng about its business. '

3:00 ‘ iy

After a while he will have a whole new series of questions and
things to wonder about. 1It’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 spllt

‘cans of sllme...

3:45 .
...a whole array of shapes, textures, colours; creatures that
depend on each other for survival ...life with its own reason and
loglc... ~
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4:10
High up near the shore he encounters thousands of little balls of
sand. He had made up some explanation to himself about them

...which turned out to be gquite 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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TOURIST OPERATORS DISCUSSION QE USE
[ ' . " ) ‘ ' ‘ ' . e .'::! ;

| ! ' s i : ;‘H :" )

Dav1d Hoffenstetz, Arcadla Hollday Resort Magnetlc Island

As Act1v1t1es Offlcer, takes cllentele reef walking 6- 8

times/month and snorkelling about the same amount;

fishing is not popular w1th‘guests, there is a local

commercial enterprise that is avallable to take peoplev

fishing;

tends to have a passive c11ente1e - uses reefwalklng as

an introduction to snorkelling;

he is getting together a marine library and slide. show,
organises and posts a weekly schedule of activities,

and puts an activities brochure in each room of the"
..resort, ' R

R1ck Steen, Director, Marlne Operatlons, Hayman Island Resort.

resort is now closed whlle reconstruction taking place,

but previously:
had reefwalklng, glass bottom‘boat trip on half tide;

found that having an Activities Officer functioned to
help protect the reef; <

semi-subs were popular with tourists - the resort owns
3 .

half—day local fishing trip was popular - people enjoy
a 20 minute boat trip - there was a full-day trip to

the outer reef for keen fishermen;

once a week, on Wednesday night, they would have a
marine slide show, and the following mornlng would be
the best turn-out for reef—walklng,

a few times they took videos of guests snorkelling etc.

on the reef and these turned out to be. popular w1th
guests, many asking for their own copy;

recommendations: good marine videos would he'useful;
staff training session (organlsed through their ' staff
tra1n1ng officer). SRR

Mike Mandbridge, Divemaster, H20 Sportz, Hamilton Island.

most diving is done on the outer reef

once or twice/week they take a trip around ofringing

reef
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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.

Comments from Audience.

a TAFE-type of course? (D. Fish)

it seems that different levels of experience need to be
communicated:

i) taxonomic - what is it?
ii) 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 useful for Activities Officers, etc. to be
able to present a certificate indicating completing of

is it commercially feasible to buy this tybe bf
education? (D. Gartside) v

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).
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'_ Bibliography 1lists a number of publications which summarise most of the

‘The example which I will discuss today is that of Kaneohe Bay,

_EFFECTS OF nuu-orr, SILTATIQN-AND SEWAGE

~Donald W. Kinsey S
‘Great Barrier Reef Marine Park Authority, Townsville

Introduction ‘
Run-off, siltation, and sewage are impacts which are all more 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 I believe that, contrary
reefs are quite tolerant to stressL

to some  popular opinion, However,

there is a sharp threshold beyond which their collapse can' be quite

dramatic. In‘the‘case of fringing reefs,‘fresh water is probably the
major "killer"™ in situations not. subjected to extreme anthropogenio
stresses. It is likely that terrigenous sediment most usually oonstitutes

a chronic stress though it may ultimately become 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,oommunity,

though not necessarily to its total destruction.

on Oahu,

Hawaii, This is one of the most complete case histories available., The

fringing reefs in Kaneohe Bay are very well developed. Thef'have,
recent decades, been subjected to well developed and well defined stresses
exhibiting convenient gradients from one end of the bay to the other. The
responses of the reefs have been well studied.
been a detailed study of the recovery of the fringing reef system since

the diversion at that time of a major domestic sewage outfail. The

information available concerning those aspects of Kaneohe!Bay considered,

in this paper.

‘The setting and the stresses

Kaneohe Bay is one'of the more' spectacularly beautiful parts of the isiand
of Oahu.
a low to moderate energy environment, and (at least in the past) high

coral cover.

.reefs, and a well-protected environment suitable for, reoreational aotiv1ty

has led to the bay assuming a very high importance in human values and to

1

Since 1978 there. has also .

in

. It certainly has the best developed fringing'reef structures in ,-7

This combination of a high aesthetic profile':well developed;
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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, .some degree of
agricultural activity has occurred in many parts of the bay. The greatest
emphasis on agriculture has been, and still is, towards the northwestern
end of the bay, and this has resulted in significantly increased
terrigenous sediment run-off over extended time, There is no immediate
suggestion of a cessation of this type of activity though hopefully
somewhat greater control is now being exercised.

In more recent times there has been general residential development along
the bay and an intensive suburban development in the Kaneohe City area.
The population has increased from 5,000 in the 1920s to some 60,000 by
1980. This development 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 sediment input

particularly to the southeastern end of the bay.

Thus, northwest and southeast Kaneohe Bay have been subject to substantial

sediment input; however;méhévééﬁfral bay typicallyvﬁés been subject to
very little in the past or in the present. The northwest bay also has
been subject to some input from agricultural fertilisers and other
materials associated with agricultural activity. '

Fresh water run-off into the bay also is principally concentrated in the

northwest and the southeast. The major run-off is from the Waikane and

Waiahole streams 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
discontinuation of water conservation practices. Most of the sediment
input is carried to the bay by the various stream systems.

Figure 1 indicates the approximate configuration of the bay, the location
of the fresh water streams, the general tide/wind 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 below). Coral

cover here is generally good. ‘
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FIGURE 1. ' Kaneohe Bay on
- the island of Oabhu, Hawaii.
Principal watershed streams.
and all majJor patch-reefs
and fringing reefs are
shown. The bay 1is semi-
enclosed by a substantial

barrier-reef/sand-bar struc-
ture and 1is considered
functionally in three
indicated 2zones: northwest,
central, and southeast. The
two sewage outfalls, in use
to the end of 1977, are
indicated A . K is 'the
Kaneohe city outfall and MC
-is the smaller Marine Corps
base outfall. Reef-flat
sites . referred to 'in the
‘paper are indicated e .,
General patterns of tide/
wind driven circulation are
also indicated.

As far as we can tell from old records, kills of the fringing reefs in
Kaneohe Bay have occurred periodically, and have been caused by major
storm events.vReefhflat community destruction has been caused primarily by
the build-up of fresh water in the upper levels of the water-column.
Historically, sediment run-off associated with these heavy frainfall
periods, while obvious, probably has not beén sufficiently éoncentrated o#
persistent to be particularly desfructive to thé‘ reef and, almosp,
certainiy,‘reeovery from these storm events by the cdralé énd‘other reef

organisms has been quite good. The reefs have been able to $urvive_this
cycle, we assume, throughout much of the Holocene, though the frequency of
severe run-off events is likely to have been increased with the effecté of
urbanisation discussed previously. Similar cycling of fringing reef
‘environments hasl been reported from elsewhere in the world and almost

certainly has been seen in various parts of the Great Barrier Reef Region,

Table 1 indicates some basic parameters of the Kaneohe Bay system and also
ihd;eatés the potential impact of the watershed in discharging fresh water .
into the bay. As can clearly be seen, even 203 of the éverage annual

rainfall occurring in one major storm_could cause as much as one metre of
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overlying fresh water if most of the water ran-off into the bay, and if-

the storm were not accompanied by major wind turbulence or other mixing
effects. In so far as the reef-flats in Kaneohe Bay rarely have more than
'a metre 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 total

destruction of hermatypic corals and many other fauna, and probably flora,

TABLE 1

General information relating to Kaneohe Bay

Kaneohe Bay
reef—-flat area 9km2 at average depth 1m
lagoon area 19km? at average depth 15m
total area 28km?2
water volume 270x106m?
flushing time . approx. 13 days
Water-shed @ o I
area 90km? T
average rainfall 1.7m.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 domestic sewage to the

southeastern end of Kaneohe Bay with the principle outfalls being those
indicated in Figure 1. By 1977, 20000m3.d~"! of domestic sewage was
discharged into the bay. This material contained 550 kg BOD. However, the
more functionally important inputs associated with this sewage were
dissolved nitrogen and phosphorous nutrients, and these were, effectively,
from one major point source (Kaneohe outfall, 1&000m3.d'1) and one minor
point source (Marine Corps outfall, 5000m3.d'1) both in the southeast bay.
The stream inputs also included significant dissolved nutrients but these
were more diffuse.

Table 2 indicates the approximate nature and amounts of the nutrient

inputs associated with both the sewage and the stream sources.
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:Iutrient inputs to xaneohe Bay in 1917 (mole per day) v
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.TABLE 2.

vTotalldissolVed ammonium nitrate tOtal‘dissolved inorganic

" nitrogen "nitrogen nitrogen phosphorus  phosphorus
Sewage 30000 16000 3300 3000
Streams 7000 5000 320 200

Note: Sewage inputs are continuous and point-source
Stream inputs are episodic and rather diffuse

;The effects

The priciple effect associated with the sediment input to the bay throughl
time has been the imposition of a chronic stress on the reef systems in
both the northwestern and southeastern ends of the bay. However, in moren A
recent times, the stress on the inner northwestern reef-flats (site NW)
has become critical, resulting in the complete destruction of any residual

"normal" reef-flat communities.

The cnronic stress condition is'causeq by a coeting of much of the living
surfaces by sediments, with sufficient frequency to cause phjsiologieal
disadvantage, and, in the case of the autotrophs, a substantial reduction:
in light intensity.

- Aetual killing of the inner reefs in the northwest has been caused by f

total burial of the reef surface, In this ecritical condition, ‘the
environment of the reef-flat shifted progressively from‘ the normellyo
belanced trophic state of a coral reef environment ‘(commnnity'
photosynthesis being equal to community respiration) towards extreme
autotrophy. The reason for this is simply that the community shifted
towards total algal dominance. A contributing factor was the eventual lack
of availability. of hard substrate caused again by the bqrial with
sediment. This in turn resulted in the inability of most‘ reef-flat

organisms‘to find any approoriate‘plaee to settle and dereiop.“‘

”In the. southeastern end of the bay, I believe it is true to say that

sediment has primarily been only a chronic stress.
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The effects of sewage "are quite different to thoée of -sediment  and -
probably quite different to those most commonly assumed. When sewage is
discharged, more or less continuously, from a point source, into a
semi-enclosed, flowing body of water, phytoplankton will readily exhibit a
chemostat-like response, resulting in the localisgd consumption of the
point source nutrient input, and the formation of a plume of
phytoplankton. Thus, the reefs do not have the opportunity to respond
fully to the nutrient input as the bulk of the nutrients have been
immediately assimilated. The overall result in Kaneohe Bay was a tidal and
wind-driven plume of phytoplankton and associated zooplankton, with only
moderately 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 1levels fell with distance from the
outfalls because of mixing, consumption, and some sedimentation. However,
the residual dissolved nutrient levels were probably the most significant

factor by the time the plume reached the central bay reefs.

“The plankton flow had two principal effects on the fringing reefs in the
southeast bay (sites SE, L, CI). The first was to cause a substantial
light reduction. The second was to subject the reefs to a significant
organic loading of assimilable 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
algae cover, and a favouring of the development 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
sediment input, which merely causes passive prevention of the maintenance
and calcification of the substrate, sewage input leads to positi&e
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 sediment stress alone. The
mechanism, rather, seemed to involve episodic kills by fresh water
followed by a failure of the normal community 'to recover under the | @
influence of the chronic stress imposed by the effects of sewage (and

sedimentation in some cases). This was dramatically demonstrated by the
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reef slopes in many areas of the southeast bay. Here, the corals and other

”@coral reef biota were quite persistent below the immediate influence of
“the surface. These organisms were surviving notwithstanding very low light
levels and being subjected to substantial plankton input. The adjacent

reef-flat communities were tctally modified. Similar persistence of‘

"normal"communities below 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 1level ,Qf enrichment, the community was not

grossly modified. However, it is interesting to note the effect here was

‘to encourage heavy development of an autotroph, the bubble‘ alga -
‘Dictyosphaeria. Only limited increases in filter feeders (hetrotrophs)‘
were noticeable. -As the sewage effects became more extreme through time,

Dictvosphaeria moved further north in the central bay, It cleariy

represented the'major initial (or marginal) response to seﬁage input. It
should be noted, however, that even though the conspicuous effect in the

centraal bay was the development of an “invading? autotroph,‘the area

nevertheless exhibitted a heterotrophic balance.

In summary, 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 some'sediment
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 marginal

"enrichment of sewage origin., It exhibited general enhancement of all :
aspects of community function while retaining a reasonably normal‘reef"n
. community, somewhat overgrown, in patches, with both an invading alga and

some7 filter ' feeders. The northwest site was subjected to heavy .

sedimentation, had all hard substrate buried, and was dominated by algae.
There was essentially no normal reef organisms. All of tAe sites are

likely to have been subjected to increased frequency of the episodic,

‘critical stress associated with fresswater run-off.

I

SR
'
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The recovery .

Over the period November 1977 to May 1978, all of the major sewage input
from Kaneohe City and the Marine Corps base was diverted from the bay
outfalls. The effects of this diversion, as might be expected, were quite
dramatic. The most immediate effect was the clearing of the water column
due to the virtually total cessation of the plankton production
previously associated with the outfalls. This was followed quite rapidly,
within the following six months, by a decline in most of the more
conspicuous filter feeders in the southeastern areas of the bay. Thus the
sponges, zooanthids and barnacles largely ceased to be a feature of these
reef-flats. Following these immediate effects, subsequent changes were

much slower.

By 1982, most of. the southeastern reef-flats, previously dominated 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 1literally been
destroyed 'by boring. All of these southeast reef-flats were also

phenomenon probably was the compound effect of increased light penetration
and a continuing availability of non-point-source higher-than-normal
nutrient lévels. The latter resulted from remineralisation of the enriched
lagoon floor sediments accumulated over the decades of sewage input.
Little conspicuous recovery of any coral communities had occurred by this
time,

By 1985, macro-algal blooms 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 from remineralisation of sediments.
Also, by this time, there was evidence of good coral recovery over all of
the hard reef substrate areas in the southeast bay .and perhaps,
suprisingly, even over much of the unconsélidated 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 Dictvosphaeria.

It now seems clear that something approaching total recovery of the
central and southeast reefs of Kaneohe Bay will occur. In the case of the
outfall site it seems 1likely that, notwithstanding some degree of

This_ _ N




ERN continuing chronic sediment stress caused by the urbanisation ‘of the area

(local regulations are now minimising this effeet),‘that there. will be a

and coralline algal eementation.

reconsolidation of the ‘reef surface and a redevelopment of coral fauna .

It |is, vhowever, ‘egually clear that the inner reef-flats ih 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 removal of the heavy sediment 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

reeffflats.

Conclusion
In conclusion, fringing reefs typicaily are Quite tolerant of StreSSes.
They may, however, reach a certain threshold beyond which their

degradation is very rapid. I believe it is true that freeh water is the.

major killer of shallow fringing reefs in a short time frame. Sediment is
¥ usually a chronic stress but may at times kill by burial., Sewage is
almost always likely ' to be a chronic stress and will result in

& ‘ progressive, slow environmental and commuhity degradation. Chronic

stresses ensure that recovery from a freshwater kill or other episodic

cataetrophe 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 removed.
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MAINTAINING WATER QUALITY ON FRINGING REEFS WITH
EMPHASIS ON TOURIST DEVELOPMENT

Kevin E Parpell

Geography Department i
University of Auckland o -
Auckland |
New Zealand

Abstract

It is in the interest of tourist operators and government bodies to maintain water quality on fringing
reefs and management practices which will maintain water quality should be implifnented. ' Collectihg
and interpreting data on fringing reef hydrodynamics and sedimentation to enable appfop_riate
management decisions to be made is generally beyond the capability of individual operators, and very

expensive.

Modelling water circulation in Pioneer Bay, Orpheus Island shows circulation to be tidal, with bay

flushing rates generally 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 model is then applicd toa
number of other bays in which resorts are situated. Methods are presented which may enable wafer
quality deterioration to be avoided in resort bays if basic hydrodynam1c data are collected and

appropriate management practlces adopted.

Introduction

that resource so as to optimise its lorig tem value to man (Burton, 1983). The process of resource

management usually involves the development of an informal or formal management plan. -

The management of a natural resource such as the Great Barrier Reef involves the manipulation of -
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Being in the zone of influence of land based activity and runoff, problems associated with freshwater
‘ runoff (with associated pollutants) and sedimentation may be important. Tourirst development on

|

continental islands may lead to a number of potentially damaging situations requiring management.

3

The legislative framework
legislative framework which covers the region of interest. In the Great Barrier Reef region the
responsibilities of the authorities involved in management are not always clear.

Any attempt to apply scientific findings to management situations must consider the institutional and
The Great Barrier 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; Australian Environment

Council, 1984). The system of federal government in Australia has complicated the administrative

arréngeménts in relation to the Marine Park (Kelleher and Kenchington, 1982). The Great Barrier
Reef Marine Park Act applies up to low water mark. The mainland and islands are controlled by state
legislation, except where owned by the Commonwealth and this control is extended by the Coastal #
Waters (State Title) Act 1980 which vests title to the seabed over the three mile territorial sea in the :

‘ State, but is subject to the continuing operation of the Great Barrier Marine Park Act (Brazil, 1981).

This situation results in an area of uncertainty around islands (including cays) and the mainland coast,
which is of particular importance to the control and management of fringing reefs. Around each island
is a 3 mile belt of territorial sea to which State legislation may apply although the Great Barrier Reef
Marine Park Act applies to low water mark, even on the mainland-(Brazil, 1981). The management of
fringing reefs and island resorts (which are frequently established by lease within a Queensland
National Park (Ogilvie, 1981)), situated on high islands within the Marine Park is, therefore, -
complicated by this legal uncertainty. A functional approach (Brazil, 1981) based on consultation and
co-operation which ignores artificial jurisdictional lines is needed. To this end, the Queensland “

Government enacted the Marine Parks Act (1982) which largely mirrors the Great Barrier Reef
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Manne Park Act (1975). prov1dmg for the setting apart of tidal lands and txdal waters as Marme Parks

(Austrahan Env1ronment Council, 1984). Although the Junsdictional uncertamty remams, the

' cooperative approach adopted,by both State andvFederal governments appears to provide some '

solution to the legislative complications.

The provisions 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 state

jurisdiction. The Great Barrier Reef Marine Park Act covers similar situations in areas under its

jurisdiction.

: Both the Commonwealth and Queensland have accepted the’ des1rab111ty of havmg envrronmental

1mpact assessment procedures to review any developments which may affect the env1ronment Itis -

'unclear_whether environmental impact assessment in the Great Barrier Reef Marine Park comies under :

the jurisdiction of the Environment Protection (Impact of PropoSals) Act 1974, or provisions of the
Great Barrier Reef Marine Park Act. It is clear, however, that significant developments within the
Marine Park will be subject to review, and that it is likely that any proposal will be‘rev‘iewed by the
Great Barrier Reef Marine Park Authority. Queensland however, has adopted a decentralised system
of adrmmstrative responsrbihty for envuonmental impact assessment, w1th no specific legislatton and
oversight by no one department. Each department is required to assume responsxbihty for
environmental impact assessment with respect to its area of activities and responsibilities (Australian
EnvironmentCouncil,' 1984). Environmental impact assessment on islands.within the Marine Park is

within the control of the State. A potential area of conflict, however, may come from developments

on islands which cause no significant damage to the island 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 state institutions, and resort -

operators.
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Th rﬁodellin for managemen

There are many different approaches to modelling, but all have the overall objective to describe the
system accurately, while simplifying it so that the model is substantially less complex than the system
itself. The most basic approach is the development of a conceptual model which may be based on
logic alone or on empirical evidence. The conceptual model is an essential prerequisite for further

study, being merely an extension of the scientific method.

Model development for both research and manégement should be based on the most relevant
attributes (or variables) for the particular problem being examined with "irrelevant, distracting or
unknown attributes” (Bell, 1983) being excluded. Various parts of the system should be modelled
separately, so that as many variables as possible can be eliminated where they are not relevant. The

real world is too complex for practical treatments of complete systems (Bell, 1983). This approach

means that the models developed can be used to answer specific problems with relative ease.

Complete system models, although useful to and useable by the specialist are not generally useful to
the environmental manager. It is recognised that models which are easy to conceptualise, treating few
variables at a time, are likely to be less complete than largervmodels which do not need to approximate
as many variables but the techniques may be used in more situations, being easier to use and less

costly.

The object of all hydrodyﬂarnic models is to be able to predict the concentration of a substance at all
points and at all 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 ideal, but no

 model can achieve this. However, most management considerations only need

approximations, which can be achieved by simplification, with the reduction in the number of

dimensions that must be éonsidered. This is usually achieved using spﬁﬁai ‘and témporal averaging

)
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techniques. A coastal cmbaymént, which normally does not have unidircCtional water ﬂo»W," has r’r:;zyiny'

advection axes and different rates of dispersion caused by the combination of all forcing mechanisms

'(such as wind, tide, freshwater flow). Consideration of all sites within the bay at once is

unnecessarily complex, and not needed for most management applications. Consideration of
subsections of the bay system (both temporal and spatial) separately enables the development of

models based on consideration of simple problems rather than on one three dimensional problem,

- which is very difficult to solve. The result is a cluster of models which identify individual

. mechanisms but which may be used in any combination.

The first stép in the development of the model cluster is the identification of all forcing mechanisms, .
and the resulting water movemchts. Simplification of the conceptual model follows with the 'rembval
of all mechanisms which have minimal effect. The models may be developeci from theory when it is‘
available, but where systems are poorly understood an empirical gpproach is nece‘ssary. Smﬁll scale
experiments are tﬁen undertaken to study the effect of each forcing mechanisrﬁ, ata nilmber qf sites in
the bay, and at a number of times._ Specific questions, such as bay flushing, which neccésaq'ly

involve the entire bay, are also studied by means of separate experiments.

Models are developed w1thm elthcr a Eulerian or Lagrangian reference frame. The Eulenan approach

is most common, with the. spat1a1 grid bcmg fixed. The Lagrangian approach has a spatlal gnd Wthh

. 1s fixed to the water, and therefore contracts and expands to follow the water movement. Fleld studles

can be similarly classified, with data collection either_ being Eulerian with data being collectéd at

specified locations, or Lagrangian, with a parcél of water being labelled and followed as it dispéfses.

. Field studies can use both approaches concurrently.

The dévelopment of models, the direct examination of water movement and the deterrnination of the
behaviour of pollutants often involves the labellihg of a parcel or parcels of water (either naturally or
artificially) and following the dispersing parcel through time, either by sampling the labelled parcel or

by measuring concentration at various points on a known grid. A great number of artificial tracers are
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available but fluorescent dyes (particularly Rhodamine WT) are generally the most appropriate for
management studies. Analysis of concentration is achieved using 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 sea water. The density can be adjusted using
methanol or fresh water to reduce the density to that of seawater, freshwater or to a value required to
simulate an injection of a contaminant, and using glycerine to increase density. The ability to simulate
an injection of a solution of a particular density is particularly useful in the modelling of contaminant
behaviour. The release of dye with a density less than that of seawater enables the surface circulation

to be modelled.

The study location

The islands studied all lie in the Central Section of the Great Barrier Reef Marine Park, from Dunk
Island in the north to the Whitsunday Islands in the South. All study sites have extensive fringing

reef development, and are subject to broadly similar climatic and tidal influences. Pioneer Bay,

Orpheus Island (Figure 1) was chosen as the site 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 desirable 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 also characteristic of bays in which resorts have located. Other situations examined

were Hazard Bay on Orpheus Island, and the resort bays of Hamilton, Long, South Molle and Dunk '

Islands.

Pioneer Bay is one of a number of bays on the highly indented western side of Orpheus Island, with

a 400m wide reef flat which is completely exposed during spring low tides. The outer band of living .
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coral is flanked by 100m of rubble with some living colonies. The inner reéf flat consists of fine to
very fine sand and coral debris with some dead microatolis. An area of mangrove is situated on the
southern inner reef flat, with isolated specimens elsewhere. 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 composed of small boulders (10 to 20 cm

in diameter), with considerable accumulations of coral clasts above high tide mark. The catchment of -

Pioneer Bay rises steeply to 156m with six small ephemeral streams flowing into a depression behind
the bay at each end of the ridge. During periods of heavy rainfall water percolates through the ridge

sequence discharging onto the beach and into the reef flat framework.

The reef front is highly indented, with the base at Sm below Chart Datum (CD). The sea floor slopes
gently to 15-25 m well offshore. Pioneer Bay is sheltered from the predominant southeast and

easterly winds. Only for a short period during the summer months when winds have a westerly

componeh—t-'i; t'hc‘bz-ly- éxposed. Even during such periods, waves are small as the fetch is short due to

the proximity to the mainland. At most times of the year the bay is calm, even during very windy

periods.

Pioneer Bay - Modelling

The generating forces which operate and may cause water movement within Pioneer Bay are
illustrated in Figure 2. The most important generating forces which must be considered are wind,
waves and tides. Additionally, freshwater inflow and hydraulic gradients within the reef framework

must be considered.

The principal tidal currents stream across the bay, north on the ebb tide and south on the flood.

Velocities are usually highest off the southern bayhead. Additionally, 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 site near the mouth of the bay are in

R
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i F1gure 3 It is apparent that udal streammg is out of phase with the t1de Wlth a s1rm1ar t1da1 range -

’ velocmes are lower on the ebb tide than on the ﬂood

t

A number of tracer studies using ﬂuoroescent dyes were undertaken in order to determine the
circulation pattern which results from the intetaction of forcing mechaniems. The exi)eriments were
carefully designed to give data on velocity and direction of water movement at sites of interest'uuder a
variety of tidal cbuditions, and to indicate where 'old' water may accumulate. Fdr much of the
work, Euleriau type data would have been inipractical to collect as water velocities are eften neat' the
lower limit of measurement of commonly used current meters, and in order to study circulatiqn at the
small scale, the number of instruments ’fieeded would have been prohibitive. Dye data can, Itowevef, :
be used to estimate velocity. A generalised circulation, based on these experiments is illustrated in
Fi gute 4. Experiments indicated that there was a zone of accumulation of ‘old' water near the

northern beach.

The particular feature which makes the bay with a fringing reef different from other coustal
emttaymertts is the dramatic change in Vt/ater depth at the reef front. There is a general upwelling at the
reef front indicated at all stages of tide. There is preferential upwelling in small cfevices in the reef
front, but there i 1s no evxdence of preferent1a1 movement into larger embayments Water cormng off

the reef ﬂat remains near the surface fora cons1derab1e dlstance

Estimates of flushing are generally made using volume exchange models. The term "'ﬂushing time"

and its counterpart "residence time", are used in many ways, but normally desctjibes either average
resideuce time of a parttcle in the system, or the amount of time it takes to 'remove a proportion of the
water or tracer, and are usually measured in tidal cycles. To determine ﬂushing'titne for management
the bay extent is deﬁned and the bay partitioned. Detaﬂed bathymetric analy51s enables volume to be
calculated. T1da1 measurements must be made or estimated. An approx1mat10n to an even
distribution of dye over the bay is achieved by dividing the bay into segments and injecting dye asa

slug at the centre of each segment, the amount of which is proportional to the segment volume.
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. Alternately, for the answer to a more specific problem, dye can be injected at a point, or as a line

‘source. The results of experiments in Pioneer Bay indicated that 92% of the water in the bay at one -

high tide was removed on the average tide, with most of the water remaining being concentrated
along the northern shore. The total proportion of dye removed over two tidal cycles was 99.5%.

This indicated that the exponential model of decay (which is generally applied to estuary situations)

- may apply to the bay situation.

Asa compaﬁson bay volume was modelled to determine ﬂushihg time Over the period of ‘the bay -
flushing experiment, using an average value for high and low water volumes,' T (residenee time)=
4.12 tidai cycles This compares with T= 1.08 established using fluorescent dye Although the bay
ﬂushmg expenment using dye may slightly underesumate T because some dye w1ll be present below
the minimum detectable hrmt it is clearly much less than T predlcted usmg the standard volume
exchange model. This is because bay circulation is supenmposed on the volume exchange requlred |
by the vertieal 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 circulation it would have a long residence time
approaching 4.12 tidal cycles for the average tide. |

The circulation in Pioueer‘ Bay is a result of many forcing mechanisms and residual currents
associated with them. Circulation is predominantly tidal, with the combiued effect of eddying in the.
lee of the headlands, and diverging flow caused by tidal streaming ‘against the opposing shore c:ausihg
flow within the bay to be opposite in direction to flow across the bay. The southem shore is at a

higher incident angle to the tidal stream than the northern shore, and this combined ‘with the

requirement to move water into and out of the bay, ensure higher velocities along the southern shore

than along the northern shore. Ata émaller scale freshwater inflow, boundary effects and the effects .

Cof topography (particularly at the reef front) cause local modification to the overall pattem and cause |

| dlffenng velocities in the vertical. The effect of wind for most of the year is rmmmal but the effect’

for the small period of the year when the bay is exposed is unknown.

The movement and distribution of sediment over the reef flat and offshore can be explained in terms |
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of source and the predominant bay circulation. Most of the sediment on the reef flat has a local
origin, with sediment from the catchment, and coral and shell fragments from the reef flat and slope
contributing to the offshore sediment facies. The importance of bioturbation to the movement of

sediment through the system was noted.

Modelling investigations - other bays

Circulation in bays in which resorts are located (Brammo Bay Dunk Island, Happy Bay Long Island,
Bauer Bay South Molle Island, Catseye Bay Hamilton Island and Hazard Bay Orpheus Island) was
studied (Figure 5). It was found that the most important factor in determining the nature of the small
scale hydrodynamic.s 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 -Iél'ah"d"l_ias_a similar aspect and tidal streaming 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 (icﬂected 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 slight eddy circulation along the northern shore. Similar patterns exist in Brammo
Bay, and in Catseye Bay (except that the tidal streaming is east-west). The extent of eddy circulation
is directly related to the angle the bayheads form with the prevailing tidal stream. The circulation 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 side. Again, an eddy circulation is evident, but the primary
mechanism is the diversion of water against 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 circulation

within the bay is dominated by the tidal streaming, illustrating the importance of bay shape on

circulation.




i

HAZARD BAY, ORPHEUS ISLAND

gag3

FLOOD

g

=

Figure 5 Generalised circulation in five resort bays -




-206-

5
d

Water ity managemen lem

The two principal 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 ana sediment movement due to engineering
works.

The study bays illustrate a number of these problems. Evidence from Hazard Bay, shows that a
channel across the reef flat, perpendicular to the dominant water flow is trapping sediment moving
along the coast in both directions. The direction and velocity of flow in the channel is altered, and
there is potential during periods of high winds for.the removal of substantial quantities of beach
sediment into the channel and off the reef flat. ' The long term effect of the construction 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 continﬁglwl;'-ﬁeing- removed and déposited off the reef

flat. In two resort bays substantial quantities of silt was observed to be flowing onto the reef flat
during periods of heavy rainfall. This is likely to be a problem in all bays with resort development «
and is potentially damaging to reef communities. It was found that reef flat sediment in resort bays

contained substantially more terrigenous material than sediment in similar undeveloped bays.

A summary of management techniques

There are a number of techniques which can be used by the non-specialist to assist in the
interpretation of bay hydrodynamics and assist is management decisions. Ideally information should
be gathered before wastewater discharge or engineering works begin, but the methods described may

assist in minimising the impact of present situations.

Well designed small scale tracer studies can lead to the understanding of where individual parcels of 5

water move. If a number of these experiments are conducted, a model of bay circulation can be

=
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derived using the data and basic equations. This can then be used to predict circulation at other sites

and times.

There are a number of techniques which ate availablt: to examine the movement and flushing of
introduced pollutants. The characteristics of a tracer can be made to resemble that of a pollutant and
injected at the site of a potential outfall as a slug, or continuously over a period of time. The effect of
a single injection can then be measured using concentration data, or by integrating‘ the concentration
curve with recpect to time at atty site of interest, the ultimate or equilibrium concentraﬁon at the site of -

a continuously mJected contaminant can be estimated (the superimposition prmc1ple) Ata larger

* scale bay flushing can be estimated usmg a volume exchange model (which i is likely to. glve a very

conservative estimate of total ﬂushmg), or by introducing a tracer at a number of pomts w1thm the
bay in proportion to water volume, and monitoring its removal. If the flushing of a particilar

segment of the bay is required, the experiment can be confined to the area of interest.

Sedimentation patterns can be monitored by examiuixig the potential sources of sediment, and relating
this to bay circulation. Velocities and directions established using tracer data (or model 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.

Conclusions

The study of bay hydrodynamics involves a cluster of models (Figure 6). Models of water volume
and flushing, and studies of boundary effccts the effect of the change in topography at the reef front |
on cn‘culatlon and the study of other small scale factors such as water movement w1th1n the reef

framework, are used to further refine the circulation model 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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; determmed by the relatlonsh1p between t1da1 streammg and bay morphology The extent of eddy

crrculatton is related to the extent of bay indentation. Where eddy clrculatron is establlshed bay .

flushing (and hence removal of pollutants) is high. Velocities within bays are vanable and must be‘,v

considered when changes in sediment supply are envisaged. Once a hydrodynamic model for the

 whole or part of a bay is obtained, the likely impacts of wastewater discharge or engineering work

" References ' o - o -

can be determined.
Although the legislative framework within which management decisions must be made is unclear, itis©
to the benefit of government, resort operators and visitors that water quality be maintained.'Major

studies are expensive and ‘generally need to be undertaken by speeialist personnel. ' Although:such

studies are both useful and necessary, reasonable quality information which can be used in rnany

‘management situations can be obtained inexpensively by non-specialists using: Lagrangian tracer
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POLLUTION AND SPONGES OF GREAT BARRIER REEF AND CARIBBEAN
‘ 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,

B

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 considerably larger on Caribbean nearshore
reefs than on comparable reefs of the GBR. Table 1 represents a
subjective classification of reefs by the degree of land
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 1is 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 1land, 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 1land derived inorganic
nutrients, or additional organic matter from the land e.q.
pollution from sewage. 1In areas where there is extensive human
based 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 1is 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

ﬁf extensive developments in the Florida Keys and the city of
iami,

®

&
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g - - Any reduction 1in coral cover will have deleterious effects for

S '~ ~tourist development as : the visitor wusually wishes  to view
‘ ‘ . flourishing corals rather than sponges. This is more accentuated
% . en the GBR, where sponges are . generally smaller and less:
: spectacular than:- on Caribbean reefs. In addition, increased -
nutrient loadings will ‘accentuate the growth of' bioceroding-

organisms,  especially sponges with the result that the reef

framework will be gradually destroyed. In order to maintain

fringing reefs, it 1is 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 thé.Great
Barrier Reef and the Caribbean. The reef sites are listed in
descending order from low to high incidence of land influence.
REEF SITE BIOMASS g m-2

Great Barrier Reef o o -

@‘ Clack Reef Northern GBR 197
’ Pandora Reef Central GBR 570
Phillips Reef Central GBR 399

Caribbean/West Atlantic

Barbados East Coast . 368
Exuma Cay East Side 399
St. Croix Buck Island 654
Puerto Rico South Coast 792
St. Croix Salt River Canyon  .1354.
Key Largo French Reef 1259

~ Barbados West Coast 2458
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SOME POTENTIAL PROBLEMS ASSOCIATED WITH BOAT HARBOURS
AND MARINE STRUCTURES ON CORAL REEFS

M.R. GOURLAY
Department of Civil Engineering
University of Queensland

INTRODUCTION

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 1idyllic tropical island paradise or the wunique natural
environment of the Great Barrier Reef. Essential 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

o
»

facilities and structures usually involves construction on or in
the coral reef. This paper discusses some of the problems
associated with such projects.

FRINGING REEF ENVIRONMENTS

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 upper substrate (1).
In other aspects they can be very different. Three examples are
given to indicate this diversity.

1. Norfolk Island (Figure 1la)

This 1island 1lies in the Pacifié Ocean between New
Zzealand 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 1is 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).

»
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2. Hayman Island (Figure 1b) '

The northernmost island of the Whitsunday group,
. 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 is predominately
- formed. of coral and biogenic sediments, overlying an
earlier reef of Pleistocene age (3). :

3. Nellie Bay, Magnetic Island (Fiqure lc)

Another comparatively sheltered reef subjected to
local wind waves and some low ocean swell, again with
occasional cyclones. Significant - ~ input ‘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 HARBOURS AND MARINAS
Basic Requirements

Boat . harbours or marinas form an essential part of many island

resorts  particularly in sheltered waters such as 1in 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, day trips or inter-island transfer, an open unprotected

jetty may be 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 may 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. ‘ : : ’

_Environmental Effects:

There 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.

b
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Firstly, the dredging of the boat harbour and its access channel
may alter current and wave patterns. Moreover the consequences
of these alterations will be modified if the dredged basin is
surrounded by a breakwater or bund wall. An unprotected basin
may £ill up with sediments from the adjoining reef flat or from a
stream discharging into or close to it (Figure 2a and b). Some
of the sediments may be carried out through the entrance channel
and completely removed from the reef surface*. A basin protected
by a breakwater or bund wall should not £fill with sediment but
the wall may deflect the current seawards and still cause removal
of sediment from the reef surface (Figure 2c). Moreover, the
breakwater may change wave directions on the reef flat and
shelter portions of the beach, causing changes to the beach
alignment.

Secondly, during dredging a surface layer of reef rock may be
broken through and wunderlying loose material exposed. This
material may slump into the basin, effectively causing
sedimentation additional to that described above. Continued
removal of this material may weaken reef surface areas
surrounding the dredged area and cause foundation problems.

Thirdly, disposal of dredge spoil may be a problem if it is not
required or is unsuitable for reclamation purposes.

ARTIFICIAL LAGOONS AND RECLAMATIONS

Some resorts may need a shallow protected 1lagoon for water
activities, such as swimming, wind surfing, paddle boats, etc.

Such--an--area—-could-be-provided-by--enclosing-a portion-of the -reef

flat with a 1low flat bund wall (Figure 3a). The effect of the
bund wall is to raise the low tide level over the reef flat while
still allowing some tidal movements at high tide (Figure 3b).
Such a project will require extensive investigation to ensure
that problems such as pollution, changed ecology and
sedimentation are minimised. For instance, pollution can be
minimised by the continual tidal inflow over the top of the wall
at the higher tide 1levels and discharge through sluice at low
tide from time to time as required. However, tidal inflow
creates the possibility of reef sediments being carried over the
bund wall into the lagoon during periods when waves are stirring
up sediments on the reef flat outside.

Design of the -enclosing bund poses various problems associated
with its appearance and safety for visitors walking on it, as
well as the basic engineering problems of location, stability and
water-tightness. The nature of the reef surface and its
substrate is again important with regard to both their ability to
support the bund wall and drainage structures and also their
permeability which determines the amount of subsurface leakage
from the lagoon.

*This situation exists at Heron Island in the Capricornia region

of the Great Barrier Reef. There, a dredged boat harbour and
access channel provide a channel for tidal outflow to remove
sediments from the reef and cay into deep water (5,6). A

satisfactory and economical solution to this problem has yet to
be devised.
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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, spec1al protection structures . may.
be. requlred to dlSSlpate wave energy (Figure 3c) , ‘

STRUCTURES ON REEFS ' ' ¢
Foundations

Coral reefs generally do not make good foundations for structures
(7). Certainly structures should not be founded on sand cay or
sand banks wunless 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. 1In these cases raft fcundatlons

are preferable but more expensive (10).

De51gn Water Levels

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 predlctlons 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 year cyclone would be about 3. m above predicted
tide, whereas the 1 in 500 year 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 1levels 1is reduced because this depends upon the surge
arriving at or near the predicted astronomical high tide.

Selection of de51gn water levels clearly muét be madé‘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 Impacts

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 (Fiqure 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 wayves 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 1located 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 reéef platforms is not Very extensive.
However, the following points should be considered by designers:

(i) Structures should be located back from the edge of
the reef outside the initial breaker zone to
minimise wave impacts.

(ii) 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.

(iii) 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 1level on the reef flat by an
amount of the order of 10% of the offshore wave
height. The 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 Australlan
environments, has been developed (15,16).
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Construction Materials

'-Stablllty of breakwatefs ana bund walls may be dlfflcult to
~achieve with avallable methods and materials. Coral rubble may

be too small’ unavailable in sufficient quantltles, nor may
‘there be a convenlent economical and environmentally acceptable,
source. of rock on the island or ‘adjoining .mainland.  New

alternative construction methods need to be-developed tovcope,
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 BEHIND 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
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 or terrigenuous origin,:

generally .with a mixture of both types of sand. The lower beach
will tend to be finer in size. : U

Generally waves reach the beach only at tide levels above mean
tide level, the largest waves occurring at high water as:
explained previously. 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. The timing of the cyclonic waves and surge with the tide
is crucial. ‘ :

If the cyclone occurs at low tide there 1s llttle effect
on the beach.

If the «cyclone occurs at hlgh tide there is 51gn1f1cant
-erosion and recession of the shoreline,

If the cyclone occurs at high tide plus storm surge there
'is a disaster. :

Where the ‘beach is inadequate or has been badly erodedf heach

replenishment may be contemplated. In some cases this may be
achieved by mechanical or  hyvdraulic 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 as 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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SUMMARY AND CONCLUSIONS

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 1is 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 concetning
water circulations and, more particularly, wave

action on the reefs of the Great Barrier Reef.
‘Furthermore, some concepts. and design formulae
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 FOR RESEARCH

There is a need for interaction between reef scientists and
engineers in defining wuseful 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 artificial mound. Geochemists could develop a
means -of rapidly producing beach rock. The latter would be

reef flats in relatively sheltered areas which are only

particularly helpful in stablising breakwaters and bund walls on
occassionally subjected to strong wave action.

-

-
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KEY ISSUES FOR DAY-TO-DAY MANAGEMENT OF FRINGING REEF AREAS
IN THE CENTRAL SECTION OF THE GREAT BARRIER REEF MARINE PARK

' Dr Zena Dinesen
Queensland National Parks and Wildlife Service
Northern Regional Centre
PO Box 5391, Mail Centre
TOWNSVILLE QLD 4810

BACKGROUND

The Queensland National Parks and Wildlife Service (Q.NPWS) is
responsible for the day-to-day management of the Great Barrier
Reef Marine Park, on behalf of the Great Barrier Reef Marine Park
Authority (GBRMPA) under a joint agreement between the Australian
Commonwealth Government and the government of the State of
Queensland. Under this arrangement, the Commonwealth Government
provides 1initial capital and 50% of operating expenses, and the
balance of costs 1is met by the State., Day-to-day management
responsibilities may be broadly divided into several categories
including surveillance and patrols, law enforcement, research and
monitoring, with a particular emphasis on education and contact
with park users. The Q.NPWS also undertakes the daily management
of Queensland Marine Parks within the Great Barrier Reef region.
These Marine Parks have been established over tidal lands and
tidal waters of Queensland, and responsibility for their
declaration and zoning has resided with the Premier’s Department.
In addition, the Service 1is responsible for all aspects of
management --of—-the—State’s—national and environmental—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. -Although the
legislation applicable to these various national park and marine
park areas does differ, complementary management of these
island/coastal, tidal and subtidal park areas is considerably
enhanced through the delegation of daily management
responsibilities to a single management agency.

INTRODUCTION

The title of this presentation deliberately refers to fringing
reef areas, as fringing reefs can rarely be considered as clearly
delineated entities. Ecologically, fringing reefs are not
isolated communities. They are continuous with terrestrial
environments via rocky shores or beaches which abut them higher
up in the 1littoral zone; and with the seawater, and the soft
bottom areas adjacent to them underwater. Similarly, human usage
is not limited to fringing reefs, but involves also the adjacent
terrestrial and marine environments. Moreover, the impacts of
human activities are wunlikely to originate in or impinge upon
only one type of environment, and those affecting fringing reefs
may well arise in a neighbouring area. Management of fringing

reefs clearly needs to take these inter-relationships into
consideration.

»
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Fringing coral reefs are well‘represented in the Central Section
of - the Great Barrier Reef Marine Park, but in terms of reefs
surrounding contlnental islands, rather than those bordering the
mainland coastline. . The ' Section's principal areas of fringing.
reefs are located (from north to south) around the Famlly Group,"
the Brook Islands, the:Palm Islands, Magnetlc Island, islands off
Bowen such as Holbourne Island, and the numerous 1slands 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 Islands 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 éreatlf 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 @ Section 1is concentrated in the
nearshore areas, to which .access 1is possible using a greater
varlety of craft or even directly from the land, and is generally
easier, quicker, cheaper and less weather- dependent 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. Although remarkably few
figures are available on current usage patterns of the Central

Section (and even fewer referring specifically to f£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 are generally 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 1inshore 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 Regulatlons
which may affect their activities, and wherever possible ‘to gain
public support and co-operation for the zoning. This task will
be all the more challenging in the case of the heavily used
nearshore waters of the Central Section' and correspondingly-
complex zoning. ' : ‘ L

! .
. |
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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 necessarily 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 wusage 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, many tourist

the misconception that nearshore reefs are somehow not ’'proper’

reefs, and that ‘outer barrier’ reefs are the only ’'real’ coral ¥
; reefs. A better appreciation 1is 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 wvulnerable to misuse. In addition to using interpretive

approaches such as displays, slide talks, and written materials,
the Service expects to be involved in specific impact-reducing
and educational projects in fringing reef areas, such as
establishment of self-guiding reef walking/underwater trails (eg.
at Magnetic 1Island), and positioning of moorings in popular
anchorages (especially in the Whitsundays).

Although 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 ability 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 1in 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 ¢

-

operators —and Teven " private recreationmalusers seem to be under —————— -
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‘hot necessarily occur within' the short time scale that

environmental managers might wish, as. the wotk 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 potentlal for recovery. Studies of

mainland frlnglng reefs in the Cairns Section discussed elgewhere
in this Workshop, - illustrate: the dlfflculty of_establ;shlng
causal relationships and verifying ‘the effects of certain
environmental factors on reefs, especially when quite unrelated
events (such as a strong gale) may unexpectedly disrupt field
experiments or destroy part of a. study area.

Long term monitoring programs ‘need to be establlshed 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
objectives 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 human usage 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 tourlst 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 experience a rapidly acce’e.atlng level of usage which
has not hitherto been experienced in the Great Barrier Reef
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 flex1b111ty to adapt to unforeseen and
emergent management challenges. : ‘

REFERENCES

-fDriml S. 1987. Tourist Development and Frlnglng Reefs. Frihging

Reef Workshop, GBRMPA.

"Done, T. 1987. Zonation and Disturbance in Coral Communltles on

Fringing Reefs. Frlnglng Reef Workshop, GBRMPA,.




-230-

PERMIT REQUIREMENTS FOR OFFSHORE DEVELOPMENTS

Simon Woodley
Assistant Executive Officer
Park Management Section
Great Barrier Reef Marine Park Authority

The control of offshore development proposals is an increasing
responsibility of the Great Barrier Reef Marine Park Authority.
A number of these are on or could affect fringing reefs egq.
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 goal 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) "fo 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

-u»~~—anduother_aims—of_thewAuthoqity" R S

(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".

zZoning of the Marine Park 1is directed towards achieving the
object of the Great Barrier Reef Marine Park Act and provides for
'as of 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 wusually involve substantial
hardware and/or construction. For example those along the coast
and which may affect fringing reefs can involve proposals for
construction of loading facilities, wmarinas, breakwaters, and
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
majo; proposal for tourist purposes will require the
provision of detailed information (example at Attachment B). 1In
seek@ng 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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fThe assessment of pefmits for offshore. developments is .an

evolving -discipline. 'The Authority has had to contend with

“ proposals which were not envisaged when the Act was first passed.
"Each new proposal tends to throw up new 1ssue5, of a technlcal

pollcy and legal " nature for resolutlon. o W

Some common elements are emerging in thlS process and are usuallyﬁ
reflected in permit conditions. For example:

permlts are limited in time - to date 12 months has
been the maximum period before renewal. This gives
the Authority flexibility to monitor the operation
and adjust the conditions if necessary. This
adjustment can work to the benefit of the operator
i.e. removal of unnecessary restrlctlons

permits are not transferable. This avoids
difficulties associated with permits acquiring an
economic value and allows reassessment -of a new
owner., ' ‘ ' ,

. where 'a proposal is judged ‘to be env1ronmentally
significant, there is an obllgatlon on the Authority:
to invoke the provisions of the Environment
Protection (Impact of Proposals) Act. This does not
automatically' mean that an environmental "impact
assessment 1is to be undertaken; however for projects
of high environmental significance it could involve
substantial work and public review. ‘

the need for co-operation with other Government
agencies. The Authority tries to ensure as far as .
possible that the requirements placed on the
proponent are minimised and that, where there are
other Government agencies with similar regulatory
powers, any permit or licence conditions are mutually
compatible.  There is a high degree of co-ordination
and cooperation between agencies. For example, areas
for co-operation are : ‘

- waste dlscharge ' b

- works (harbours, breakwaters, marinas, etc.)

- leases : i
- mariculture : i
- . collecting

- research

- ' moorings

.- a financial bond or bank guarantee is required to

' ~ensure that there 1is some redress where removal of

hardware from the Marine Park is required through

‘default by the owner. For major developments we also-

‘require financial surety to cover possible
environmental damage

a need for monltorlng programs to assess 1mpacts in
both the short and long term. :
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Like all managers we have to make the best decisions possible

with whatever information is available or can be obtained by the

time the decision needs to be made. Our present approach is to
be as comprehensive as possible in assessment of the project to
minimise impacts; to build into the permit protective devices
such as time 1limits and financial bonds and finally to monitor
for feedback, review and adjustment, if necessary.




ATTACHMENT A

‘APPLICATIONS FOR PERMISSION - CRITERIA FOR ASSESSMENT
’r‘\“ . ' k ’ ; ' “‘ .
In con51der1ng an appllcatlon for perm1551on the Authorlty shall;i-
have regard to: ‘

(i) the objectives of the zone;

(ii) the orderly and proper management of the .zone;

(iii) 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 1likely effects of any proposed use on adjoinlng
and adjacent areas and any possible effects of" the
. proposed use on the environment; and.

(vii) the proposed means of access to and egress from any
use and the adequacy of provisions for aircraft or
vessel mooring, landing, parking, 1loading and
unloading. ‘

P
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ATTACHMENT B

INFORMATION REQUIRED TO ASSESS APPLICATIONS FOR
TOURIST PROGRAM AND ASSOCIATED FACILITIES

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 progfam 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;

(f) 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 any 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 add1t10na1 moorlngs,

I
.o

1‘your‘ estlmated cost of removéij of moorihg% fromf;he

Marine Park;

your estimated cost of Tremoval of each unit from the
Marine Park: '

(i) if in good condition; and ‘
(ii) 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 wuse of the area, and on other users eg
commercial, scientific, etc;

the 1likely environmental impact of all aspects of your
operations, including effects on other users; ,

proposed monitoring programs and procedures " for
environmental impacts, changes etc; 1
détalls of any services to be provided by other operators
‘to participants in your tourist program while they are at
your nomlnated location(s);

details of any proposed future development or 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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Fringing Reef Workshop : Science, Industry and Management

Management Issues Identified 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 5evera1 significant management

issues. Key amongst these is the apparent conflict between fishing,

The aims of the investigation are to define areas suitable for

both commercial and recreational, conservation and preservation. In

e

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 ngens]and 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 for Declaration as a Marine Park". Similar studies
in various stages of completion are underway on other sections of the

Great Barrier Reef Marine Park.

&

?
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declaration asvStéte Marine Parks under the Queensland Marine Parks

 Act 1982, and to prepare i&hing‘p]ans and management plans forftﬁese

areas..

o

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 o

biologist.

“

Théfrequirements of the Marine Parks Act are .that public submiésjons

be cai]ed for to indicate areas considered suitable for declaration

and issues relevant to the management of the areas. Altotal of 18

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. ‘ ' o

The study is being administered by an inter-departmental working gfbup

‘convened by the Premier's Department. Representation is“jndicatéd.

in'Table 2. Representatives of these departments and‘authoritfes have

attended meetings'reviewing proposals and draft reports.

The study has been rather drawn out as similar invest{gatjbns on’ other

sections of the reef/coast are underway and some interaction on approach

and‘WOfding of text has been warranted. The final areas récdmmended )
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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 is certainly éeen 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 is 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 trave] for more than 2 hours 1n a boat/-

' © craft to get to a ‘day- tr1p dest1nat1on Th1s c]early def1nes

dest1nat1ons w1th1n about 70 km of board1ng po1nts as be1ng regu]arly

visited us1ng present craft types.

Though this observation app]ies'particular1y to reefs and cays in the
off-shore areas in the Cairns éection, a similar accessibility factor
applies to foreshore fringing reefs. For examp1e,‘Myrray Reefs between
Cape Flattery and Cape Bedford are rarely visited, other than by members
ef the Hopevale Community, because they are not generally acceséﬁble

from the land and ane too distant by boat. However, the<fringing'reefs "
north of Cebe Tribulation ane now more frequent]yvnisited as access

has improved.

Similarly, visitation to the Rbcky 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.:

We wish to acknowledge the perm1ss1on of the Queensland Prem1er S

Department for reference to the current study in prepar1ng th1s paper. ", s
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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 Ql1d.

Australian Littoral Society

Trinity Bay and Inlet Society

Australian Coral Reef Society
Local Authorities

Cook Shire Council

Cairns City Council

Muigrave Shire Council
Government Authority

Cairns Port Authority
Government Departments

Department of Forestry

Department of Local Government
National Parks & Wildlife Service
Department of Primary Industries

Table 2

Inter-Departmenfa] 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

Department-of Mines-----——m—m——-----
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ZONING FRINGING REEFS IN THE GREAT BARRIER REEF MARINE PARK o

o i ¢

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 profect
the Great Barrier Reef while allowing the reasonable use of
the Great Barrler Reef Region;

.the regulation of activities that exploit the resourdes‘of the
Great Barrier Reef Region so as to m1n1m1ze 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 sc1ent1f1c research.

The Great Barrier Reef Marine Park Authority (GBRMPA) has deVelbped éohing
plans for the Capricornia, Cairns, Cormorant Pass and Far Northern Sections
of ‘the Marine Park and is finalizing 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
gradatlon of restrictions on act1v1t1es 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 to
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
travling, through line fishing and trolling for pelagic 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
organised 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
means for individuals and groups to experience the reef for 7 ’

extractive or non-extractive activities; and

o

.the environment observer, fish watcher, reef watcher or researcher
wvho observes and enjoys the reef directly.

T

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;

b

- be more difficult to manage than more remote reefs
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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. L ' :

.exposure ~ fringing reefs which are exposed to waves generated

by prevailing winds 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
vhich 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. ‘ ' o ’ '

.salinity - most corals and many other reef 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 fr1ng1ng reefs.

Fringing reefs, partlcularly 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, part1cu1ar1y vhere 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 ISSUES

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 their corals 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






