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1+« CORAL REEFS AND THEIR IMPORTANCE

Human activities have produced devastating effects on terrestrial ecosystems and it
should come as no surprise that shallow-water marine ecosystems are nov threatened, However,
some of these marine ecosystems, such as coral reef ccosystems, are usually covered by
geveral metres of vater ard hidden from the view of all but skin and scuba divers. Few
reefs are urder continuous observation by scientific personnel and little attention has
been given to the impact of man on coral reefs. Hence, it is not yenerally realized that,
during the last decade, a massive destruction of the hard coral cover of numerous reefs in
the vast Indo-West Pacific region has occurred and that this destruction could be man-
irduced,

Coral reefs are rigid shallow-water structures formed from the calcareous skeletal
remains of corals, coralline algac and other organisms. Usually, the remains are compacted
to form reef limestone, The limestone carries a veneer of living organisms which constitute
the coral reef commnity. Coral reefs are important for many reasons. They may be regarded
as wilderness areas, places for natural adventure and recreation. Such areas become fewer
each year on our crowded planet as human populations increase., As yet, their full poten-
tial as tourist attractions and recreational centres has not becn realized. Fey terrestrd 1
areas can rival the beauty and interest provided by coral reef commnities. Scuba and skin’
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diving, fishing, swimming, fossicking at low tide on reefs, examination and photography of
‘the diverse fauna and flora of r=efs, sailing and boating among reefs and exploring of
islands situated on reefs are among the recreatiornal activities that coral reefs have to
offer.

Toxic products from terrestrial plants - ey, morphine, atropine, curare, stryvchnine,
digitalis, etc. - have for long been used in nedicine and studies of the pharmazological
activities and chemical structure of thesc prodects iiave enabled tindreds of now «drmgs te
be synthesized. The clinical use of senjcillin and other anti-microbial compounds derived
from fungi has revolutionized the trastment of certain dizesses. In recent years it has
become apparent that a wide variety of toxiz compowrds including anti-microbial compounds
is elaborated Ly marine organisms, especialiy thosze found on cora’ reefs (Hndean, 1966).
The possibiiity that new luerabentic dmcs coai be developed from some of these toxis
products i: curre.tly heing investijated.

Then aqgair, ceral reef commnitics are anong the most bilologically productive of all
natural commonlities (Cduwn, (4713 Jobannes, }ﬁ?b). The porential of such comnranitiew to
provide food has wot been fully erplorea. bEven the exploitation of cbvious food spources
such as fish and crustaceans has not been properly investigateds Because of the phenomernad
increase in the werld's maman popalacion that oo new occurrinag, it is vital that optinmn”

use should be aade of 431 rerewalle [ord ponoupcae,

High +rade lime for comstruztional activities, mounufacturing, ireatment of cres, and
for agriculture, is present in cnorioss qeantities on coral reefs.  Some of this Liwe Could
be removed in some casel without appicoiablie damage o coral reef communities.

It is not generally appreciated that ceral veers possess a vast bacterial flora Which
together with benthic animals remove organic materials from sea “er. pgucordingly, coral
N J Jr

reefs act on giqantic ©ilters helping wn purify ses water (Sov serzcaal communication’.
Moreover, as peinted out by Johawnes (1972), coral rewfn ast o35 . ~iring brealwaters
which give protection to thousands of kiloretres of continental co. nd which perniv

the continued existence of hundreds of islands,

In view of the impovtance oi ~oral reef ecousyvstens it behoves us to combat all rejor
threats to tresz biocenoses. liowever, it is enly recently, thanks to the piloneering work
£ R.E. Joharmes, that the re.l nature of these threats has betome apparent. We can but
hope that the view of VYoss (1973, p. 47) that "an unprejndiced obsevver might well be fear

ful that in tht not-too-distant future our children may te able teo lcarn about the coral
reefs only frum books and documentary films, for one of nature's unique habitats will have
vanished from the face of the earth" proves te be nunduly pessimistic and that by takirg
urgent action to counter current threats to coral reef comunitics we Can ensure their
continued exictence.

2. GCHE FEAT'RES OF THE CORAL REEF COMMUNITY THAT UAVE
PLRTIZULAR RELEVAICE IPOR POLLUTICH STUDIES

Coral reef comrunities are faned {or their biological compiexity. They possess larje
numbers of plant and aiiwmal syecies. For example, afirowimately 100 species of coral end
700 species of fish have bzem rocorded from the shallos watery of the reef flat at leron
Island, Great Barrier xecf (Jones and Bndean, 1967). The species richness of such communi-
ties is generally attributed o a high incidence of anevoivad relationships and cemple::
interactions (Glynn, 1973; Furllich, 1674}, These tend to evnlve in tropieal envirorments

where steady and predictalic phycico-shemical conditions have persisted over long periods
of time.
gi
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Many species present are highly specialized (ec.g. many of the coral associates
described by Pattoa, 1976) and contribute to the unigueness of the coral reef community.
However, generalists are also well represented. Despite the structural cemplexity of the
mature coral reef commmnity, populatic: sizes of individual cpecies are essentially stable
(Grassle, 1973; Ehrlich, 1975). Tiis stability apparently stems from the operation of a
rmultiplicity of homeostatic mechanisms that bave been o oeuired during the evolutionary
history of coral reef cormunicics., These .echasisie dopend on the existence of a great
number of complex interactions in the spelies-iich comnunicy. Indead, the corzl reef
communities of the Indo-V=2st Pacific region ave caid to bz biolngivcally acenrmodated
{Sanders, 1968) because biolagical interactisng such as cuppetition, predation, symbiosis,
etce, play key r8les as determinanis of community structure, Ty contrast, rastern Pacific
coral reef commmities which are depanperate in species are said to be physically accommo-
dated because physiczl facitors suw:ih as extant of wave action play rore important r8leg
than biological factors in determining community structure,

It should be appreciated that, although hiclogically a~commwdated corel reef commni-
ties have evolved mechanisms that resist change induced by normal events that have operated
continucusly or intermittencly formillennia, they may non be bufiered ajgainst perturbations
induced by reve) factors. Jertain human ectivities may constitute suach novel fictors againet
wincl they have no defenses. A5 a result, catvastrophic destruction of the comminities may

occ T course, localized dastiuction or corals and their associates as a resull of the
ope. tormal physical and biological racinrs occurs reqularly on all coval reefs -nd
is apb. “eponsibie Forothe gpetial nelcrogencity foung on cural reeds (Bndomn' 1976),
Qeoasionas, -ruction of the laota caunsd Ly A natural agency such as a severe tropical

starm is exte re but, as peanted out by Enaean (1976),LL wotdd appear that in the past
catastropiic destruction of coral reef communitics was a rave cveni and Lthat these ConuLy -
nities "in some areas at least, have hal a 1oy history ob aontinuous developmens although
the communities nave moved lateraily from tice to time because of eustatio changes in sex
level”,

Althouth corals play basia r8iles in the construction and maintenancce of coral reefs
thereby creating conditions Favourable fur tie development op comples commuaiities, other
organisms alsc play important r8les ir the Lorvuicturing and maint onance of thneue cenvmunities,
Some of tnese crganlsms may oCIupy ¥ey posiiions in foud wabs and their celostive elimin- “ion
could have profound effests on the entire ~oral reefl community.  Attenticn :: o uld theref. e
be given to the pessibility that the deleterins eftfecte nf cortain forms ot pollution mint
be exerted nore decisively on elenents of the blota other than coralss Al:0, soie organi.ms
might be more sensitive indicators than coarals
pellution.

af the existence of particular forms of

any coral reefs are separated from other coral reels by sizeable stretches of waters
indeed many coral reefs may be regarded as "oases in the oceanic desert" (Sorokin, 1973) .
Coral reef communitics on cach reef are esezntially distinct entities although corwunity
structure may be similar for reefc in particular geographical areas. fune flow among
populations of most species on tine different reet's ia maintajined by transport of sexual
products and larvae by currents. [n a few =ases, species migrate from cne reef to anothier.

3. POLLUTICH

Pollution has many forns and may be derined in a number of ways. Most definitions

rake some reference to the potentially adverze eftects of pollution on the snvircemment for,
if unchecked, pollution will produce envirommental changes that are generally rogarded as
injurious to human welfare. Usually, atienticn in focus:ed on enemical pollution of air and
water as pollution of this type, if excessive, produces deletorious effects that can readily
be arpreciated by laymen and politicians as a resull of o andration of the air they breathe
or thie water they drink. Frequentiy, the adverse pffects of peollurion on oroanisms other
than hwnane appears to be regarded ag Leln orincipally of occsdenic interaqi,  Yet the most
pressing o1 «ll environmenial problesa fgothe destruation 1ot 15 octurrind of natural eco-



http:chan-.rS
http:aoim:.Lc
http:det.drmina.Ls

2346

systems regarded by Ehrlich (1974) as the life-support systems of our planet. In the main,
humans are responsible for the destruction of these natural ecosystems, and all forms of
human activity that cauce cignificant damage to these ecosystems can he regarded as
rollution. These humarn activities certainly dnclude the reiease of toxie chemicals into
the envirorr:nt but other forms of human activity may currzatly le having a greater elfect
on some ecoLysioma such an corel recf Gousysteins,

Ecosysteme are compriced of discrete ao ounivies and, as far as coral reaf communities
are concerncd, polluticn could ba defiped, with advantaje, as the introdaction inte thelr
environment of substances, organicms or human activities of varicus inds tht either
render existing homeostatic mechanisms incffective or so upset them that significant adverse
change in comnonity structure occur. 0 course, there could be argqument abcut the amount o
change that must occur before it is consider:q «ignificant. Also, there could he arvgumenc
about whether particular cnarga: in community strozture are, in fact, sdverce. However, in
jmany cases, the darage resuliting from polluticn i: ohvicus and unequitocal as when complete
breakdown of convmnity structwre cccurs.  In such cases, the attendant reduction in Faunist’ .
diversity, the drab appearance of the reefs ipvolved and tue associated ecoromic ioss when
reaf fisheries or tourisn are affectnd are rogarded by nost reople as advercs changes,

4, THE TYPES F POLLUTION AFFECTTNG ZeRal %EF COMMUNITIES
AND CONTROL CI' VACH TYFE

4.1 Sedimentation

It 15 well known that coral colonies can be killed as a result of material such as
md or sand falling on them from above or asz a result of an encroachment of accumiated
sediment From below. Indeed moct species of coral are wnable to witnstand burial under
sediment fcr perinds longer than one or two days (Mayer, 1978, 1918a; udinondson, 1928) .

Large quantitive of coral sand and rubble are sometines deposited on living coral coleniesg
during severe tropical storms resulting in largh-scale mortalities of aolenics so buried.
For example, during a cyclcun in March 1970 sections o the re:l crest and adiacent areas

on the northern side of perer i.land, Japricern Group, Urcai Zarviar Reet, were blanketed
wvith coral £and wnich buried numerous coral <olonlec. HSome nr the buried ~glonies vere
uncovered 14 days subsequently ang their Clesh was found o be putrefying (R. Endean and

P. Aldersiade, unpunlishedj. Under lese exlrea: cemlitvions than thuse aszociatsd with
sediment depesiticn ard accurularvion can 51111 be raspensible for substantia’
-e, However, (we threat poood by tedirent wardles with particie size and with
sppal inveived. It has heen dcwr since the work of Marshall and Crr (1971)
that colonios belunging 1o SpEIiss possesnins Large polvps are gqeneraliy sweos suctessful

at ridding themecivoe of Lediments than coloosies Felowsisg to species that have zme’l polyp. .
Rezently, lublerd and iccoclk (1972 showed that differsaces in the extent 0O whicn ceciment
was rejecied weee relates (o distenticnal capacilty of relvp and caly» geometry as well as

to polyp sise, Noreover, thev srowed that These Aiiterence, were also related to partizle
size. Iu stuldics iavelvin: b size classes of .ediment and [0 zpecies of reef corals, thoy
showed th nilt, the cmallect size clacs used, was the only cize olass rennved by aul
species of coral.

Dramalic it erase: in the amount of cediment carried to tcastal waiees by rivers ond
streams have ccourred in some corallifercus arcas in recent vears as a sesuit of unplannaed
agriculture and deioresticion loading to accelerated ccosion of land surfac:s. The nossi-
bility that increase.l sedimentatica stemaing from this cause would have an adverse effect
on corals grovwing in the jow Tslee region cf the Great darrier Reef way ralseil by Fairbridge
and Teichert (1943). As pointed out by Joharnes (1%7%) high islonds and continental land
areas fringed bv coral reefs are frequently areas of high rainfall and lushk vegetaticn and
are particularly susceptible to erosion when the veqgqetation is removed in such areas.

Apart from an increase in the sediment load carried From eroded land by streams, larger
volumes of fresh water than usual may paess down the streame to the shoreline where coral
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reefs occur. Marked fluctuations in salinity are inimical to the survival of corals (Endean,
1976) . .

Since 1945 the watershed about Xaneohe Rauy, Oahu, Hawaiian Islands, has been subjected
to increasing urbanization associated with an almost ten-fold increase in population size
(Banner, 1974). As a result, there nas been an increase in the freshwater run-off from the
watershed during storms and there is evidence for a great increase in the amount of sediment
carried into the bay annually, nuch of the sediment arizing from newly bulldozed land,
Although there has been a heavy mo.tality of corels in Kaneohe Bay since 1950, the actuail
extent that sedimentatioa hac contributed to this mortaiity is unknown.

Deforestation associated with land development projects for agriculture, tourism and
housing concstructions hes heen carried out at an increasing rote over the past ten years
on aimost 21l parts of Okinava (Nishihira aund Yamazatc, 1974). A3 a result, a heavy sed -
mentation of red clay particles is occurring on the shallow ccrel reefs in many areas and
coral mortality has been extensive. Devastated areas cf reef cortinue to =2rpand.

with respect to mivigation of the deletiexricus effects of heavy sedimentation on coral
reef communities, it is esseatial that nuw agricultural projests and other developmental
projects involving exteasive deforestation near shoreline: irn corallifcrour areas should
be carefully sited zand planned so as to minimize erasion of land surfaces. s0il conserva-
tion techniques appropriate for the area concerned should be »ractised and attention should
be given tou restricting the sediment loads carried bv streams and rivers discharging near
coral reefs, Possibly, & ay:tem of cdams and irrigation canals that would <low stream veloci-
ties and hence lessern the scdiment 19a% carried would be found useful in sore instances.

4.2 D:i=dging, Filling and Mining

Coral reefs are considered by some to be rernewable resources that shoild be mined
systematically. Howevar, direct minina of 1eei linestone poses hazards, Irevitably, a
great deal of mechanical damage will be inflicted on tie bicta of reefs, and reef habitats
vill be altered as a result of the .sining attivities thenselves. Lulofs (1973) has described
how in Malayrsia disledged coral colonies az:ie dragged across recfs before being winched
aboard vesszlis. In uome cases the amwount of cerel remcved from roefs is subzstantial. It
has been estimated for a2xample that 60 0CO m? of coral stonee are yemoved mnvally fron coral
reefs in the Cu2f of Mannar and Fal} Pay, Tndia (Mahadevan and Nayar, 1979 and Walker (1962)
has commented on the cver-exploitaticn of recf corals in Mauritius. Thnen tco, the stirring
up ard translocaticn of sediment Jduring the (onoval of reef limestens could result In ex-
tensive damage to an area of reef mony timss vreater than the actual area of mianing cperations.,

Mining in térrestrial focatiuns can have adverse effects on adjacent coral reefs if
spoil is introduced intc the amb.ent z2ea vater as nas occurred at one ssa-shore locality
at Okinawa where ballast from a quarry is washed with sea water (Nishihira oud Yemazato,
1974)

Spoil from dredging activities in the vicinity of Townsville Harbour, Queenslaad,
australia, released over several years into waters near Magnetic Island has caused destruction
of many of the coral colonies that formed fringing reefs around the island (Brown, 1972;
Endean, 1576)., Tabular acropores werc porticularly succeptible to the rain of fine sediment
produced when the spoil was dumped. Tt was noted that algae invaded many areas after des-
truction of part of the coral cover and pr-cipitaicd further destructior. by trapping sediment.

Dredging Hperations asscziated with reclamaticon worys on the adjacent reef flats have
been responsible for heavy coral mortality at varicus lccalities on hota the eastern and
vestern coasts of Okinawa (Nishihira and Yawezato, 19/4). Dest-uction of coral reef comm-
nities caused by dredging has teen apierved at Johnston lsland (Brock et al., 1966) in
singapore (Johnson, 1970), the Seyrrellac (Vine, 1972), Arerican Samoa (Sverdloff, 1973)
and at Guam (Marsh and Gordon, 1974).
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A channel and swing basin which served as a harbour was excavated from the reef flat
at Heron Island, Great Barrier keef, in 1967. Bund walls vere raised around the perimeter
of the channel and swing basin to prevent excessive drainage of water from the reef flat at
low tide (water is normally dcsuned on the resf flat Ly the reef crest at low tide). However,
a series of cyclones in the early 1970s made breaches in the bund walls thereby causing an
abnormal lowering uf water level it low tide on the rvec! flat in the vicinity of the harbour.
This, in turn, led to a large-scale mertality of the upper jortions of ceral «oulonies,
particularly large Acropora colen'es, near the narbousr.

T
«

In viev of the foregaing, it is apparsnt that “redaing, filling and mining activities
in coral reef waters should be undertalen with jreat ~.ution only after a careful assessment
of the likely effects, bearing in mind local conditions, of such activities on coral reef
commnities. Paorticular attention shouid be given to the possitility that such activities
especially those involving filling, could interfere with ectablished drainage patterns in
lagoons or within reef flats, Obvicusly, zpoil fror dredeoiog; activities should not be
dumped on coral reefs or in situaticns whers the speil could readily be carried bv surface
currents or tidal fiow teo coral reefs,.

in conjunction with feasibility studies nereelly undertaken in connexion with prejected
mining ventures, envirormental impact studies invelving biologists and engineers should he
made. If properly handled, thc dredging of unconsolidated coral sands at some localities
could create fewer envirsnmental problems char mining the censo:idated reef limestone,
Dredging could be carried out vhea tides and cuirents were such that sediments would be
carried avay from coral recei communities. Tne use of a modified suction head thet could be
buried in the saud (see Johannes, 197%) would restrict the amcunt of sediment stirred up.
Sufficient amounts of coral sand could be left to maintain reef profiles and to ensure that
an adequate stock of sand-dwelling specics is available to colonize sand masser as they
reformed., Careful monitcring of vhe effect of the dredeing operations on the coral reef
commmity should be carried oui by trained Liclogists.

4,3 Chenmical Pollution

As pointed cat by Halstead {1972) shallow water tropical insular regions are particu-
larly susceptibie te chemical pollution. These are regions where coral reefs occur.
Howaver, the extent of chemical pollution in these regions has not besn studied. Few data
are availalble on tne nature of chamical pellutants occurring iuw coral reef waters or on the
efrects of thesa pollutants on the biota of coral reefs,

There is & dearth of inforwation on heavy metal pellution n coval reef arcas. levels
of heavy metais in sedi.nents and marine arjanisrs have bee2n deterained in Pearl iaribour,
Hawaii, by Evans 2t al. (1972} and tae distribution of Bweavy me'sls o in o groupers from reefs
in the Gulf of Mexico and in tne Bahamas has been studiel by Taylor and Bright {1973).

The results of copper tevicity tests on a nwaber of reer-asscciated marine organisms from
south Florida have been discusced by Cheszher (1675). It should be roted that copprr is an
important toxic contaminznt ¢ the effiuent - Jdesalinaticn plents wnich are proiiferating
in coral reef areas. The effeats of the reiva-e jnto merine waier of effluent containing
tailings from treatmeat plants at the large hoacainviile copper ore plant on marine fishes
is being mmitored b, cuvironmental cof:iizers ottached to dougain-ille Copper (. Povell,
persoral communication),

Mercurial compounas are used in agriculture irn many trorical countries. 1n fueensland,
mercurial compounds are used as fungicides and nematocidas asseciated with the sugar cane
industry. It would be of interest to ezamine the neprcury cortent of the organi=ms growing
on flats near the mouths of rivers ond creeks rainiag from sugar <ane growing areas.

It is well known that pollution of the worid's oceans by man-made organic chemicals
particularly DDT, has occurred. DDT has been exicncively nsed in coral reef arecas whepe
agriculture is carried out on a significant scale or where laryge human populations; occur
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(Chesher, 1569, 1969a; Randall, 1972). Other chlorinated hydrocarbons such as Dieldrin and
Endrin which are more toxic for fishes and other marine organisms than DDT (Jehnson, 1968)
have been videly use¥ in certain coral reef areas in recent ymars,

Few studies have been carried out on the effects (acute of chronic) of chlorinated
hydrocarbons or other persistent i *witicides on elements of the coral reef corsunity. A reef
coral, Acropora cervicomus, was found Ly McTloskey and Chesher (1971) to zontain 3.12 ppb
DDT, 260-320 ppt Dieidrin and 200-300 ppt DOT plus PCB3. The coral was able to concentrate
rapidly experimentally introduces DDV, Dicldrin and Aroclor 1254. Jofannes (1972, 1975)
reported that barracuda obtained from resfs 0T thne noythemm part of the Gull of Mexico
contained high levels of DDT and tiunificint amounts of Dieldrin and Endrin. The coral-
e:ting starfish Acanthaster Flanci cellected fram various localities containad from 0.04
to 3.89 ppm DDT and 0.01-1.01_;§E*Di916rin (MeCleskey and Deubert, 1973).

Localized fish ¥ills bave ocergped it the lagoon at Tahiti as a result of uncontrolled
spraying of insecticides, eepeciatly Dielerin (kandsll, 1972, 4 indeed thn introduction of
pesticides into lagoons in laras umeunts congid pose oonealth hazard. In 1970 fifteen to
tventy tous of fish suddenlv died in Truk laqcon a-d six peaple who ate some of them were
hospitalized. The flesh nf tihe fich contaiped ther highes © concentratien of Endrin ever
recorded in fishes to tha! dyte tHourn:s, t970). The poteriial hazard of lagoon contamination
by spraying is exacerloted in some are.s by the deliberate wee of insecticides to Xill fish,
Hambeuchen (in Randall, 1972) has deccribed how 1he inhabitante of Rarotonga n the Ceook
iclands use Lindane and bieidvin teo Wili fishes in prolz -and lagnens.

Chronic effmcers elicited in menberg of the coral reest comnunity by cremical pollutants
have not been gstudied. !¢ is possiple that sone specics may he espezially susceptible to
these poliutants while cthers are particuliarly resigtant., Gelective elimination of some
specier could result in marked alteration, in the rees community, particuisrily reef cemmu-
nities of the Indo-West Pacifin region which are regarded as biolegically accommodated.

The celective elimination of spenialized predators, for exuynpie, could prcfoundly affect
community structure. The poscible invelvement of pepsistent pesticides in triggering recent
crowi.-cf-thorns starfich, Acanthaoter vlanci, ropula.icn explosions have heen discussed by

— e

Fearson and undean (14.¢), Fisner (3969) and Randall (10725,

Sone of thr detepgente now beine peleqoed in incressing quantities into waters bathing
coral 1oz tay have adverse ¢ffocts Lnocorals or other clemenls of the reef community,
Barnes (1973) hus reported that .. mid detergent (Palmolive) at concentrations as low as 0,03%
was Capalle cf ¥rilling ealthy specinens af the coral Hontastrea caveraosa in Jamaica.

i

It is appareiit from tiuie brief faver of clemdca? pollutisa in corailiferous areas that
additional :lata are required on the axtent 1o Whiich coral reel conrrnitinsg sre alveady con-
taminated with heovy metale, ehlorinated bydrocarborn., nd olher orgaiic chemicals and of
the lougy-rerm chronic eoffeces of these pollutants on rey elemants in these communities,
Obviously, steps should Le _ihen to reduce the amount: of towic cempours discharged into
streams -Lromoindustrial plants and in the run-off from asricultural lande in coralliferous
areas. The efflucnte ! prom dining ventures in theen arege should be reqidarly monitored to
detect the release of heavy metale or tov it compounds used in the treatment of ores.
Detergents and cleaniug cor: cundn uend dorestically in these areas snould be biodegradable,
Obviously, the use of jrrgicrens pesticides gl Andane ond Dieldrin to kil fishes in
lagoons should be offizialiy diccouragnd,

“efl 3muane Pollution

Increasing human pojul 2tiuan ,nd 4 tendency for concentration of the: - populatiorn- 1n
viliages and towns have, in recent years, led to problems connected with the disposal ot
increasing amounts ot Sewage.  Indeed, coral reef comnuities in many parta of the Indc-west
Pacific region are now being exposed to suvbistantial amcunts of sewage, .In most Cases, the
long-term cffects of such exposure con only be guessed at butr tle potential danqers inveolved
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are well jllustrated as a result of studies made at )aneche Bay, Hawaiian Islands (Banner
and Bailey, 1370; Maragos, 1572: Smith et al., 1573; Banner, 1974; Johannes, 1975). Prior
to 1950 kaneohe Bay supported a flourishing covral reefl community. Aftér 1950 a heavy
mortality of coral was observed and by 1970 warels had virtually disappeared from the
southern part of the Bay which bas az arex of abour 685 ha. 1he deaths of ine corals were
attributed, at least in part, to an increase in the smount of stJage enteving the hav. In
1970, it was estimated that the outfall frem the tws suwage systlems discharging into the
southern pirt of the Bay vas about 3 millica gallicne per day. It was sugjested that anaerobi
conditions in the sediments resulting in hvdrogen sulphide 1elease pay have been responsiblc
(Maragos, 1972; Sorokin, 1973}, However, increased ‘reshwater runoff and ircreasad siltatior
stemming from urbanization of the Kaneohe Ravy watessned may alam have been involved,

Then aqain, paosphate levels rnear the najor sewnr cutfall were cbuer-ed Te o incryase
between 1566 =nd 1570 zt an average acnual rate of 0.7% ug atoms/irre (Caperon and Cattel:,
in Banner and Beiley, 1970). Eutrophication aricing from increased levels of phosphate
and other nutrients appears to have Lzen responsible for changes in the planiton commnity
and may also have caused changes among benthic organisms, In the summer of 1770 it was
observed that corals in the coential regicn ot Kineshe Bay were being blanketed by an algoe,
Dictyosphaeria cavernosa, wnich formed tiiick heavy sheets and it was noted that the accele-
rated grewth of the algae had pzralleled the increasing amounts of phosphate and nitrogen
entering the bay in seawage (Bann~: and Bailey, 1979),  The aljae in some 'nknown way cauced
erosion of ccral syzletons and disinteysition of reef surfaces. dohannes (1975 noted that
populations f reef fish wese marivdly redue:! in affec cnd arnat,

It is woasidered tn an apparent iseresce in slgal growth on reefs in tne vizinity of
Waikiki Peach, Hawaii, may have Leen caused Dy oeatpopnicaticn steamdng fron an increass in
the volume of sewage to which the reefs o ¢ osed (Jchnnnus, 1975). Ho dabt coral reats
in other regions ave nurently Liing aidversely affezled by sewaje poliution. Barnes (1971%)
has commented or the threat possl by 2ouace pallution o the ‘araican coral reefs 5 3 result
of the rapid duvelcpment of the teuris~ industsy in ther country.

In some ¢aszcs chove Lrabiles, Lurre, oy cnd wiznde may Le such that sewage can be saiely
discharged into *he ocean, Lur in ausl Cases ‘e stwayge erfluent will require extensive
treatmer.t in order Lo reduce any rossibitity of cutrophication oceurring in shallow coastal
regions. At ‘he same time the question of the optimal siting of tha openings of 4iwcharge
pipes carryirg industiial and Aamortic efflucnts 4s raiend.  To a large extent, local con-
ditions will uictate the siting ond detailed studies of these conditions may be reguired,

4.5 Thermal 'a)lution

AS shown by Mayer (9518, 1913a), Maver (1924; and Zdmondson (1928), maximum ambjent
temperatures nermally encountered by corals are only a fow dejrees below temperatures that
are lethal for cerals, DEven at sub-lethal terperatures covals are adversely affected,
Hence, thermal enrichment of the ambient sea vater as a result £ th2 relesse of large
volumes of heated effluents from power statious and irndustrial plants poses a serious thnreat
to shallow-water corsls particularly if tie heated effluent i discharged into sihiallow bays
or partially land-locked regions wsith rectricted water circulations.  Johannes (1972, 1975)
has drawn asttention to'the porential danqger @ veom peated ri€luents {or tropicai marine
organism: gencrally. So far, few instances of mortality of mavine organisms stemming from
this cause have been recorded in the literature. A mass mortality of plants and animals
extending 1.5 ¥m frem the outfall was cauned by neated efrluent trem a power olant at Turkey

point in Biscayne Bay, Florida (Rueseler and Zieman, 1569). Corals were particularly
susceptible, being killed at greater distancos Srom the outfall than otker species (Anony-

mous, 1970).
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1n the Irdo-West Pacific region, destruction of corals in a 4 220 m@ area of the reef
margin at Guam by heated effluent from a power plant has been reported by Jones and Randall
(1973). Damage to corals over a much greater area was observed and many specics of fiches,
echinoderms and crustaceans as well as benthic algee disapreared from affected areas.

In Hawaii, the reef at Yahe Point, Oahu, was surveyed befsre and after an iricrease in
themmal discharge rthat accompanied expansion of the Lahe pPover lant (Jokiel and Coles,
1974). The power plant usad 14 ;3 per ses of s52a water for cooling purposes and the tempe -
rature of the s2a water on diicharge wos apjroximately 59 to 69C above intake temperature,
Damuge to corals from the heated effluent was most savere in late summer coinciding with
annruzl ambient temperature maxima. prolonged exposure to temperatures of 30° to 31°C
caused corals to become pale {(loss of ‘coxanthellar plyment) initialiy. Subsequently,
the corals usually died. Most of the Coimann gpaciis of coral encountered ot Xahe Point
vere affected but Leptastrea purpurea showed some toizrance of the elevated tenperatures
involved, normal specimenc of tais specics being ¢ -Casionally found in areas from which
all cother corals had been eliminated by trermal strecs, An increase in the quantity of
heated effluent being discharqged as o -2sult of expensic., of the pover plant in 1972 led
to an increase in the aresa of irad dasraged cerads fron 0038 to 0.75 hae

Because of the notanvi G0, adverse nrfects of kested offluents on elements of the
coral ren: comwanily, rarceful attent:on thould be siven Lo the design of future power plants
that are to cperate in coralliferovs aress with a viesw to reducing effluent temperatures,
Also tne siting of the apening of pipe: Jdasthargiag heated effluents should be guch as to

minimize damage te coril resf cormrnici e in the area.

A6 Effluenti_iggm Les

~inavicr Plast:

Joharines (1972, 1978) bas discusced the threat to coral reef commirities posed _y
effluencs from desalination plants. Such effluents are Characterszed by ¢lev.ted l.vels

of salinity as we'l au tonmperature ard Ceavy metals such as copper, vinc and nickel. Many
species of corals are adversely arfecred by salinities only slightly above those normally
encountersd (Bdmondscon, 192%) and thi- factor alone varrante consideration when selecting
sites for discharge of effluents from desalination plants. However, as pointed cut by
Johanres (1975, p. 12} "The effects of desalination ef:leents are greatly complicated by
interactions betwern diffe-ent s.resy factors. For esample, zint and copper can act syner-
gistically on organisusg, as Can opper and elavelted temierature",

Few studies bave bheen made o determine the elfecrs of cffiuents {rom desalination
plants which are proliferating in coralliierous arcas. Corals and other invertchbrates have
been killed to a distance of 700 m frow the point of discharge of a power desalination plant
nezr Ste Thomas, Virgiu lslands (Var Yepoe!l and trigy, 1970). Lt Xey West, Florida, de-
salination efflueit aupears tu have caused marked Zhanges in the population densities of
many species in the dischargs area (Clarke 2t o)., 1070, 1970a; Checher, 1975% .

In view of the foregoing it would reem nise to attempt to reduce the toxicity of
effluents irom dezalinarion plancs operating in coralliflerous areac. hgain, careful
attention should be given to the siting of discharze pipes in order to minimize damage to
coral reef communities,

4,7 u©il Follution

Because carals have been cbszrved to flourish in some areas subject to chronic oil
pollution (5pooner, 197u; Shinn, 1972) and because aof o lack of reports in the literature of
damage to coral reef communities stemming from oil spills (see Johannes, 1972) it has been
generally ascumed that corals are resistant to oil pollution. This belief was heightened as
a result of zxperiments involving the floating of ol over submerged coraiss. 1In expariments
carried out by Srant (31570) a layer of iwonie crude oil was floated on the surface of sea

water in which specisans of Favis srecivsa were imrersed. The corals showed ro visible
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signs of injury over a six-day observation veriod. Five different types of oil were floatad
over growns of the corals Porites compressa, Montipora verrucosa and Fungia scutaria for

2.5 hours in unpublished experiments carried out by Johanne s, Coles and Maragos (sce
Johannes et ale, 1972).  hgaiu no visible sigas of damage were obsarved during 2% days of
subsequent observatioi.

Field studies appearcd to support taese iaboratorv stidie *o  In experiments on Wistari
Reet, Capricorn Group, Australia (Royal Commissien, 1974, page 481) Grant sprayed oil on
water flowing over corals during a falling vide for 1 hour and 5} hours vespectively,
Corals with tiys protruding secreted stronds or mucos but otherwise no effects of the oil
on the corals were observed,  Haysom (Roy-l vemmissiecn, 1970, page 492) placed oil on the
surface of tide pcols on the edas of a reci fiat. Submarqged Corale were urlamaged, This
result was in azcord with the abservations of kGizler and Stersep (1970) who founi that,
althouqgh the inshore littural fauna sufteyre heavily as a resuvlt of an ail 2111 in Panamd.
submerged cirats offchore showed ne signs of Cananqe,

On the other hand, Lewis (1971) found Uhat corats wiposed in sealed cuntainers ta
crude o1l or on ¢il spill letergent were Dviously sitoecal advrrsely, disnlaying ruptured
tissues and cohnomtal behavioar,  His 2RI eTLAeNLS “wrv designed particularly to prevent the
esCape of votatile ~omponents of Lhe cil, [t in kucwen Lhat vbe most volatile couwponents
of crude o1l are qgencvally the most toxic (hllmvr, 1011 and che First to evapora‘e fheyal
Commissicn, l/ﬂ) o Lewis' results mays nol te int{cative or whit would sueur luring an
ac7ual oil Jpxbl.

Possibly of more significence for coral reef corvnniitice inm the [rds-idnst Pacifle are
growin; o1 reed flats which are progrmnily npeosed to the atmosppsre at low waler spring
tides are the sxperirents of Johames ot o1, (1972 invelving 22 cpecies of corais. These
authors found fleating o1l car ¥ill ol tissus <f it adieres to cerals exposed to
air. Unier these ci:cumstances il adheped stroaaly o branching Corals such oa specieys of
Acropora and :eoillopers and was retained fov weers. .. tie cther band, o0il did not adhere
strongly to corals such as Fungiaoant Yemohiviiia whlon posseucad large fles polyps ant
abundgn{ rucus, and was Snon romeved wien tno corale wa;e "uurnrqsu.J i

1

Reimer (1575) exposcd norale drectly to undiluted crude oil for shor: peried:s bhefore
returning toen to sea waler., fie observe:d G massive saxlruslon of tymblotic roovanthellae
followed by tissac death in rome instanens .o well as An alteration in feeding behaviour,
Growth rate wa« subeeguentdy sloend.  ©viopriments Carcied out Ly Birkeland e al. (1976

1 4 ? . R
in Panama ruvealed that, althcough specimenas of the coral Pocite. fuzcata were apparently

t

unaffected the day after exposure to huker C oil tor 2.5 DOUES, mean growth Lnocemencs

were significantly zwaller than those cf tie contiels during the folluwirg 61 days.  Hewever,
an individuai variaticn ATONY COLORICH in susceplibility to ol pcllution at jiow levels coul |
be inferred from tie results obtnined, Parry nnker © ol was fowid to have o mwre damay tna
effect than volatile marine diesel oil on Yerites fwicata, Pecillopora damicornic, Pavona
gigantea antd i sammocora slellares Un the Utier fand, Punker ¢ 01l scemed to promote the
growth of aljae,

Loya (197%) ctudied commnity structure and species diver 51ty of nermalypic corals on
two reef flate in the Julf or Gilat, ked Sea, during 1969-73. une of the reefl flats was
chronically poilnted Ly oil and minerals, the otlher was free from oil pollution and cerved
as a controi. o 1470 appreximatety 90% mortality of corals occurred in both reefs as a
result of an extremely low tide. in 1973 there were few signs of recclonization in the
chronically ;olluted reef bui 2xtensive “cco]onith*un atd rejrneration had osccurred o

TYae contra® reef, 1% was suggested that chronic o1l spills prevent normal settlcement and/
or development ¢f coral Jarvae. Birkelan: et al. (1275) stite that the effect of 0il
pollution on recruitment ic of Jreator importance thas the irmediate mortality caused
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In view of these results it would seem wise to impose stringent controls designed to
prevent oil leakige at o0il transfer and oil storage facilities in coralliferous areas.
Fegqulations should also be gazettsd that would ensure thet adequate precautions are taken
to pravent release of oil from drilling rigs operating in these areas. In areas chronically
poliuted with o1l where intermittent accidental 4discharge of ail from tanker loading faci-
lities or shore-based indu:ory is rikely to o antinue, ceneideration might be civen to the
containment of oil by ucin; f£leatint burriers or hooms. 1n any <ase the floating barriers
shazld be available at stratequcal., situated localiries Cor use in the containment of oil
spills. As suggested by Ichannes (19/%) consideration mignt he given to eqipping and
training mcbile teams who uan move quickly te decl with an 93] ©pill anywhere in their area
cf operations. ‘They could Le troined in trne vey of 011 huoroents ov dispersants as well
s in o tne contaimment of oil .piile.

taiy biologists would .gree with Johannes {((575) tnat dispersants used in the past to
control o1l spills are sometiies more toxic than the ¢l on which they are vsed. lnformation
is required about the effects of dispersants on the bicla of ooral recfs. As natters stard,
it weuld appear preferable 1ot to brear up oil slizss over submerged coral reefs with dis-
persants. Jlowever, if vinds, currente and vides are suep that c¢il wili Le driven cnto corals
that are partially exposed to Lie atmespneve gt low tide, tnen i forts should probably be
made to breal up ihe oll siick wits gbsoroeats or dispercants

4.8 Blacting and Nuclear Weapors Tecting in Corallifrrov: Areas

Fxplosives cre often w.ed to Fill corel veef idshes in tre west Pacific regilon
(konquillo, 1550; iuchs, (¢ 83 Cnecher, 19070, 176 %, Gwitti, Q0 Uy Romas, 1969; OQwens, 1971;
Jores et ai., 197.; Lulols, 1973; k. Fowell, wnpublisned). Sowetines the capture of fishes
by this method is nighly organized. Ramas (19€6), for examsle, nas described how blast
fishermen irn tne Phl’l@p neg surround siceabie coral formations witn urderwater lights tc
artract fishes. “They also lure Llicnes inte the selected areas by using baits consisting of
pieces of $1-n and molluscan {iesh.  Feriodic cheshe on fish rumbers in esCh area are made
and when numbers are deened adequate, dynanire placed ctrategically throughout the area is
exploded. Ccuba divers ave uzel to collect tae fishes Filled or stunned by the explosion
but frequently orly the larger tisees are retrieved, 7o Informaticn is available cn the
extent to which coros seefs have Teen dameged Ly commrrelal fiahing involving exnlosives
but at certain lecalities Gie daneve inflicted may alrecdy have been eitensive.

on Au«t alla's Great Farpier Rect so-call?d "bang sticks" or "power-heads” - spears
with 303 bullevs cr 12 gauge shc! i warteidges cradied at tpeir tips in such a way that
the cnarge is fired on impact - nave becn used extensively to ¥ill reef sharks and large
fishes such ag oroper (Erowicro" lancecla s ).

wrplorives are comeliqes uced to blast charmels Lnrowdgn reefs or LG ramove coval
pirnacles that ceastitute navigaticonal hazards, Thus, johannec (1975} ientioned now surplus
U.5, navy bombs were used to c¢lear 2 chonnel <nrough the reet at Kayangel atoll, Palau, in
1973, ard Eaden (1976 r2ported onotne use of blasting accociated witn dr*uq)nq in the
excevation of o harbour ol swing basio av Heron Island in 1567, Coral damage was oxtensive
at both lozalivics. Huaring World war 17 rocls wround many islands in the west Pecific
reglion were blasted Wwith niqgh sxpiosives. Aceording to mnery et al. (1')w) such rilitary
bembardsent may have Cauced the anporent "decadence of aefs in fhe arsnail Ielands
noted by Stearns (31939).

Altrougn, as pointed cut by Jchannvs {1:7%9), the extoent of the descru~t on of habitat
Uy explosives in coral reef comnuuitiecs has never buen adequately evaluated, it would appeasr
tnal extensive damage toe habitat and redoslion in nwsbers of sitc-attachod fish could be
Caused Ly tne repeated use of explosives, Hence, it would seem wise to enact legislation
Jdesigred to pravent the use of explosives in the capture of reef fish. Lidewise, the use
of explasives to facilitate navigqaiion in coralliferous aieas should L2 restricted.
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The types of anatomical damage apparent in Figh killed by explosives has been swmnma-
rized by Ronquillo (1950) and it 3hould be possible to datect fish that have Laen captured
in this way. Lulois (1973) has commented on the possibility of reduciang the extent of
fishing by blasting ir #alaysia by introducing legislation which, as well as prohibiting tr-
sale of blasted fish, cancels the licences of those d=zling in blasted fish, Perhaps atten-
tion should be given to the Imposition of stringent controls on the sale of explosives,

In Queensland, Australia, legislatien is about to be enacted which will ban the use of
power-heads on spears by persons wearing couba gear. Also, the use of power heads in asso-
ciation with spear guns will be barmed. Jn effec:, tie use of power-heads will be lawrul
only if they are used on hand-held sp2ars Ly persone not cquip;ed with scuba geur.

Although the mechani~al damage inflictc? on coral reef comnunities as o result of
blast when nuclear weapons are exzploded in <orallifercus areas is obvicusly extensive (Hines,
1962; Stoddart, 1968; Johannee, 1972), it is probable taat, i pointed out by Johannes (1%7°
the associated radioactive contamirati m of Ffrod chalns has a much greacer significance (or
survival. According to Johannes {1975}, o siugle nuclear Llast may render t'ish and shellfis
vnsaleable for thcusands of square kilometres, Unfortunately, little inforrmation is avai-
lable on the ezological effectr of radicactive contaminaticn of tne environment of =nral
reef communities but in view of the continusd use of coral islands for the trsving of nuclear
weapons thi: aspect cobviously requireés urjent attention.

4.9 Collectinn of Elemeorts of ey Diots

The human activity thot has osrobably had the most devastating and widespread effect on
Coral reef communities is the selectiva pemoval of elements of the fauna. Some spacies,
particularly fishes, molluccs, crzbs, turtles ,.ad woris, have beer collected for Food For
centuries Ly the irdigencus peoples lnhubiving islands in coralliferous seas. Other spacie
especially molluncs, that prad.ce materials that could be uned as receptacles or as orna-
ments have also been collected by thase peoples, Tt would appear that, in the main, removal
of these ccral reef species from any particular areas was on arestricted scale and well vithir,
the replacement capability of the coral reef commanity, Howrver, in recent years the situg-
ticn has changed. Commercial fisneric. have Loen established n Sorallifarous areas, Most
of the earlier fisheries involved the hand ~cllecting by divare of eclements of the fauna.
The trepang or bfche-de-rer fishery “nvolved the coliecting of wapious species of holothuria:
wvhich, after treawment, proevided stook “oups, stsws ard curries that were muech favoursd
by some Asian peoples. The pearl she'l end rearling intustyy involved initially the hand
cellection of species of Fincrtada, 2nise of which ware found on corsl recfs. Tz trochus
shell, Trochus niloticus, was much scugnt after on cors) rerfs in the Indo-west racific
before the large-scale intreduction of plastic buttons caused g cocllapse of the market for
trochus during the 1950s. Giant clam:, particularly “ridacna maxima and T. derasa nave for
long been collacted fronm reefs, Gore T.ivaneee clam fishermen stitil make jburncys from
Taiwan to reefs of thwe Great Barrier Resf and to rcefs in the Coral Sea in erder to collect
glant clams. What efrfects, if any, the large-scale reraval From reefs of holocthuriane, pea;!
shell, trochus and giant clams, a2ll of vhich ace microshagous, nas had on the coral reer
community is not known Lut warraits study,

In more recent times specics which occupy key positione in food webs have been colimsce
intensively. Thus, the introducticn of self-contained underwiter breathing arparatus, spear
guns (sane with explosive heAds) anl “hue sdvent ot higa-powersd outboard motors for small
craft have 1l2d to a spectacvlar increane in the nwibers and variety of coral reef fishes
Captured for focd in some areas. For examplie on vome secescible reefs of the Great Darpie:
Reef, there i: a dearth of sizeable fishes, particalsrlv territorial Fishes. Thoo. Fishes
that are apparent are timid and flee readily from divers. .ccording to baniall {(1969) ' is
behaviour pattern indicater that the fishes have been subiect to spear fisning. In some
cases, it ig 0wl that the reefs had Leen visited by co-calied "spearoes" who move syste-~
matically over the reefs spearing as they mave. Fich Cavght are filleted and ths fillets
are sold through commercial outlets as mived fillets of reef fish. Sharks attracted by
the spearing of fish are quickly despatched by the use of "power—-heads" - ypears carrying
explosive devices.
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One of the largest fishes fouad on reers of the Great Barrier Reef is the groper,
romicrons lanceolatus. In 1974, 14 reefs in the central region of the (reat Barrier Reef
vere searched for specimens of P. lanceolatus. A total of only 5 specimens, the largest
zitimated te weigh about 150 ki, wore observed (Endean, 1976). The normal posulation den-
ity of P lanceolatus on resfs is net ¥nown but on protected raef., or reefs that are

relatively inaccessible because of tieir dictance fran coastal Lhms, grapes ary connonly
ci.countered,

P

tn

Poscibly, upemaring pariies nave Leern recponsiblie For toe albsence of Jarge preodatory
fishes from r'cis in the Vestern indlan Ocean visited b Folurin and Frazier in 1573.
Sharks (Carcharhinidae) and serronids (Serraridac) wera fregaently sbsent from the reefs
yet in hic*oric times these reefe were Yoo oo poteess vastrormers of such tisrtes,

The implications for tiue coral roef comnnity of the selective removal of large preda-
tory fishes, particularly thoce oCzupying Xey poui in fooc vebs can only be guessed at,
The groper, Prosicrops lanceolatus, will prey on juvenile specinens of the coral-eating
crovn-of-thorns starfish, Agantiag.er (Endean and 5iab? un, 1975) and rcmoval of
groper by humans from cert..n reefs bheon a facter in trigaering population ex-
plosions of the starfish,

.2
LI

A
when cleaner fish (“g»rwldvv Gpe) are romoved {rom reefs, dramitic chorges in the dis-
iribution of other fishes cecur \ILm54Uﬂh 15015 Slobedkin and Fichelson, 1974). In recent
years a flourishing trade in aquarium fishes from coral reefs har developed and in some
areas reefs are rapidly beirg depliated of qquarium fishes. Clecner fishes which remove
}ara51t from other coral reet Fishes are aring the azquariun fishes eagarly sought after
by enthusiasts,

Zince ¥orid Var IT dreat interest pas bheom chown in the oc Lion 61 tie chelly of
mollusces Ly dealers throuchocuvr the world, Because of tpe grea:d variety of ferm oand colour
erhibited, shells from coral reef nmoclluscs generally have been eagaply =sught 3L,nr by
cellecters and those of many cuecies now comnand high prices.  Lowever, tuo-e of larqgne
coral reef iastiropeds such 2. bLalers ”Pln spncien), giant aeimets (sﬁiiiﬁ rgg}ﬂﬁ&g), and
giant tritonc \,hdrtula trivontis; fove baen tnn prame targot of <ollectors. Mifortunately,
guantitative dara ¢n the exient v which theen “peeisg have bean collected toroughout their
range ere not available. In Tarpior Recf walors there roeeo conoan obviou: reductiecn in
the numbers < gint helmeta,  Durjne the 10405, ‘eliens of Tantie Coraits were commonly
encountered in sy areas on regt . The Yovoge Lusps that ey made 1o tihe wand sere obvinus
even to inexporicnced coliloctors, DUling the BR0UT D pLarent Sacline coci e in nwnbers
cf C. gexmuta observed and in tae  us Ui caoc.e appears Lo e o oraritly In mest snntors
of the Great dgarrier Leef, 1jkewi-= thare ar Lo heve besn an obvi

sus reduction in the
nunber of Charonia tritonis reen on at leass reefs of Lhe Crogt \arri“r Recf since

. A SN P ararae :rt"‘*: . ; - ; ; ; : j :
tue 1950s. Endean (79 P0G hs praviac i dnfortation vhich suggeats th CLoiLands sf
spacimens of L. trltonlg ware collected during the 19508 Ly the orews of tr&:%As luggers

operating L (rert Larrier 1eef whtare,

Again it iz not luown pr::asuly what effects selz2ctive rewsval of large predatory
gastropuds suca au balers, ;ianl nelm: and glant tritons vould nave on thi atructurs cof
coral reef comsunities. Hovevesr, the results could he far reaching.  The giant helmets and
glant tritons are specisiis: caruivores, the giant helmets preying on echincide and the
glant tritons preying on svarfish end mnlothuriang. IC is rnown that the giant triton will
prey on juvenile and adult specimens ¢f the Crown-of.-thortns starfish, Acanthaster planci,
and it has been proposed (Erndean, 19%4; Endean and Stablwa, 1975) that renoval of giant
tritons from certain reefs by num=nus could have beer a mijor fattor in trigyering population
explocions of A. planci,
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Likewise, Mann (1973) has proposed that population explosions of sea urchins which
have occurred off the North American coast in recent years have been triggered by collection
of their predators (sez otters and lobsters) by humans., It would secm wise to restrict or
regulate in some way the activities of collectors of elements of the coral reef biota. In
cases where the over-collectin: of key species is involved, it will he necessary to pronibit
the collecting anu/or sale of these epuecies, Thus, in Fiji and in Queensland, Australia,
the cnllecting of ‘aaut tritony, Charonia iritonis, {rom coral reers is completely banued,
The collecticn of giant clams (4;idacna s;.) ¢ the q.ant helret, Cassis cornuta, is also
banned in Guzensliand. 1n other cases .t ma) o2& necessary to licence collectars so that
their activities can be controlied. For exannle, in Queonsland tho collection of coral
from reefs of the (Great Barrier Reel it uruh¢blluﬂ hut a restiict:d nmuber of licences are
issued permitting tha licencen Lo coligct covar in wpecified areas,

\
\

Ancther approach is te prohibit the use of a particular tecarique in the collection of
reef organisms. in ueensleond legislation hat just been introdused which will prohibit
the spearing of fich by anyone wearing scuba Zear.  Aluo the use” of powes-hezds in asso-
ciaticn with cpear quns will he Lanned under this new legislation.

In crder for oy legs “lation of the tvpe acnticred -bove fo be eirfectiva it must be
enforced, Desirably, public coopuration rhould aice be souht bv explaining the neaed for
the legislation and givirg the sotter widespread vublicitv.  Enforcemeut will involve the
use of fisheric: officers or rangers with adesuate vowers to -earch boats and interrogate
visitors to reeln, “rere vorelan nationals ar: dnvelvel din poaching from 1eefs it may be
necessary to use a coast-Tuaard ServiIe or taval patrol voscels,

G170 Popuiation mnplocicas of Acanthaster olanni
Acanthouster nlﬁn(i 17 iarve ;ymr\ vnd o cecal reet s in the Indo-
Aodi i s et
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West Pacific reqgion \“ngw\u, &
tnelr Fflesh but ieaves then ;4l:nr:3us xﬁnlrLrns or.ensen, 1931; foreai, 1964).
Norinal popu]atjuﬁ densities of Al ﬁiiﬂﬁi ononde- 1fic rezfs cre of the crder of 6
specimens per ka® of reer (Dudean, 1974). Gacl Specjm~n eats ahout 10 me {flat prejection)
of coral rer year, Thus, when presont al nores ! sopuiation drnsities, A. Llarci causes
negligible daw:qe to the tapd voral cover of )

ite principald prey. “t digestis

(onaean and Srablum, 1677,

During +he lant decor aggeeations of A vlanci y;htuininw nundreds of individuals
have been reported from reets in many jarts of Lf: Irlo-dest Paciric region {indean and
Checher, 1.73). On fany recfs catastrophic Ccntrnutlon of the hrred coral cover stemming
from the feeding activities of the starlish has been reported (Fe.urson and Lndean, 1%59;
Endean and 3taeblum, 1§73; Nishihira and Yamazats, 15Y47. In seme cases the bulk of rhe
hard coral cover of entire reefs nas bsen destroyed.,  There then occurs a switch from
a coral-dominated to en alyae-dominated comminiive This switch it associated with an
obvioug reduction in species diversity and the rvel assunes o drab appearance,  When present
in large herds which migrate over a reef, adult Lo plan:i can 3 -1% the buil of the hard
coral cover of a reef at a surprisingly rapid an-, rassive oo owell as Lpanching corals
being affected.

Available dat: indicate that nost reefs tie micdle third of the Great Barrier Reef
between lat. 15095 and lat. #9008 have been intested it - planci during the 1ot decade
and many reefs in the couthornmsst third are wow under a<tack h" ]azgn numbars of A. planci.
A massive dectruction of coral has occurred on many nfé the infested reets. The time re-
quired for the destructicn of the nard caral cover of v2«fs averaging about 19 km? in flat
projection that are heavily infested with A Planed ts oapproximately 2.5 years {Endean and
Stablum, 197%).




The causes of the A. planci infestatiosns are not known. Some workers believe that the

Ae planci infestations are normal phenomena (Weber and Woodhead, 1970; Vine, 1970; valsh et

1., 1971; Dana et al., 1972; Frankel, 1975), others that they are unique phenomena, probably
man induced (Endean, 1969; Chesher, 1% 9, 1969a; Randall, 1972: Endean and Stahlum, 1975).
It {s the writer's opinion that the inizstations have been triggered Ly the extensive collect—
ion Ly humanus of molluscan ard piscire predators of juveniie and small adult Ae planci on
certain accessible reefs, Such a releas2 of predator pressure would allow populations of
Ae Planci on these reefs to increase dramatically. Subsequently, other reefs would have
become infested as a result o edult stargish migrating from reefs after devastating the
bulk of the hard coral cover or ag a result of invasion by current-borne larvie orijinating
at the reefs first infestes,

The dimage already inflicted on reefs in IUME areas sueh as the Great Barrier Reef
area has been sc severe that it ic the WILlter's opinion th-t, irrespective of the origin of
the infestations, attempts should be madle to centrol ihem.  Manual collection of &, planci
as has been carried out suceessfally at Okinawa, Fiji, western Sanoa, Tanitd, etc:: or
injection of specimerns with fornalin Or amionia as has been used successfuily by Acanthaster
control teams in Hawaii and thke U,5. Central Pazific Trus. Territery could be enployed in
control atteunpts.

Trere is an urgent need for inteérnational ection ‘o assess the magnitude of the A.
planci problam throughout ths Trndo-West Facific region ané to coordinate large~scale control
measures if these are indeed warranted,
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Alien Specicy

It is possible that the inrroductios 4% A marine Lpecics o ceralli fercus region from
which the suecies hys bLeon previously ercluaed may have profound affects on the coral reef
colminiity. Certainly, tha devastating ecolegical disturbances caused ty Iimporting alien
terrestrial species to justrilia are well Jrewn,  Inijoducticnc of alien

Ccr.G

species into coral
reef commaiities have be2en noted by boty (1%1, 1972 and i:ilbert (1962) but cthers may
nave occurred and gone urnoiiced to-date, It has been shown that tae starlish pAcanthaster
pianci will eat Cariobean corals and there has been speculation about tne fate of Caribsgsh
corals if the Pacific and aflaniic Oceans were linked with » sea-level canal across Fanama
(Thomas, 197U Porter, 1972),

4412 iouricn
AL LAY

The phenomenal increase in tourist establishments in coralliferous seas that has
occurred in recent years is avparent to anyone who hat travelled through these areas. The
construction of new tourist rescris and the expansion of existing ones i1 obviously
continue and these will bring with them problems relating te pollution in various forms,
They will previde access to coral reefs for increasing numbers of touprists. The damage
tourists themselves inflict on reefs by w:lking zcross reef flats, smashing corals, collect-
ing moelluscs and fish, overturning coral boulders, 2ic., can only be guessed at but where
narrev fringing reefs are involved tha damaie may Le substantial.

the control of pollution in all ite fupms in coralliferous areas will require the
expenditure of censiderable sums of morcy. ATWOnJ thos? who will benefir most from the
cortrol of pollution are touricrs and it would seem reasonable to recoup from tourist
establishments some of the money expenued on pollution control. If adequate tourist faci-
lities wvere provided in coralljlerous areas, At weuld seem ineviraple that these areas
which constitute g significant part of the world' g fay remeining vilderress areas will
fiqure prominently among the world's, priccizal tourist gtiractions, In time they could
HoCONL Major earners of foreige exchange, wWith respect te ihe development of tourism in
coralliferous area. special a.cention should be given ts aaking the development of tourism
corpatible with the concerva.ion of the bleta of coral reefs., The sites of now tourist


http:araiion.ia

1358

resorts should be carefully chosen so that the resorts themselves do not contribute sub-
stantially to pollution of coral reefs. Assessments will be required of the optimal sizes
island-based tourist establishments should be aliowed to attain and of the number of such
establishmente that should be permitted in a particular areax Visits to certain islands
during the nesting seasons of birds and curtles should be or hlblted.

5. DETECTTON OF POLLUTICHN AND ok "ZED FOK MARINE NATTONAL
PARVS AND FESEARCH LABORATCRYTS TH CCOFALLICERQUS AREAS

51 Detection of Follution

With recpect to tne detection of potivtion in coral reef eccosystems, the inadequacy
of water column studies iws beern enphocized by Johannes (19749, ile states (page 46) that
"the continuous ramoval and replacenent of vater snd its contents due to tidal flushing,
and the high repraductive ratec of planktonisz organisms, makes water quality an inadequate
indicator of pollution in wnallew coastal waters', It iz nezassasy to exarine the coral
reef commnity itstls, In wifect, regular supveys should be nade of corni roed communities,
particularly in tie vizinity of verts and centres o Juman population in orier to Jetect ant
significant changes in conmunity strutture Uhat saght ster from pollution in somr form.
It will ol course Lo neces:ary to esteblizn oaselins Jiva for coral reed Senamunities in
differernt goographica) areas. Farticulsy attention cooul-l e given to f“u detection of
alien species Lefore thone Yecone estobidshesd over Targe avesss Aucether approach would be
to use specifiz organi- oo as indicarcrs of pcollution. The ust of Lv"r.Lhic ni‘rn—urqnnz sMS,
foraminiferans crd corals for bicassay wort bas been discusec K
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It would s2em wiz® ¢ creaste marine naticnal parxs smbracing groups of coral reefs in
different geograzphical nreas. Collecting of any element of vhe biota of these rzefs should
be compleraly bammed. The reefs would then provide control situations where relationships
among species undisturbeld by humans could Le studied. In vhis way, baseline data for coral
reef commuities in particular jeographical arezs could be obtained, When n=w marine
national parks are being created, consideration should be given to the inclusion of a
variety of reef types.

5«3 Rescarch Station-

Vherever possible, ,-ML1XWh stations should be uzstablished ia association with marine
national parks in coraiiiferous areas. The fauna and flora of ccral reefs are imperfectly
known and & great deal of batic faicnuml" research will he required to remedy this un-
fortunate state of ffairs.

6a  DESTRUCTION AND RECCVERY (F GCi.pAL Kebd COMMUNITIES

Theoreticai aspects :alating (o the recovery of coral reefs devastated by catastrophic
events have been discussesd by Endeen (1971, 1976). Recovery depends basically on the
continued growth and re;raduciicn of surviving coral -olonies and the recolonization of
devastatad ai=a: by coral planulae soitling £rom the plankion. Complete recovery will
involve the return of itnose spacies typlcally associated with corals and formiag part of
the coral recf comnmunity in the particular geogravhicazl region concerned aud the re-
establishment of the ceomplex ralationsiips normally existing arwig these species, 4 dis-
tinct progrcssion of species with piccar species beiany supplanted by later colonists coull
be expected.

To a large extent the rate at which recovery occurs is related to the extent of the
damage inflicted on the hard coral cover by the catastrophic events If fzu coral colonies
have survived and if recolonizing planulae have to be carried over long distances then
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recolonization may be long delayed. On the other hand, if desvruction of coral colonies is
localized or patchy and nunerous colonies remaein undaraged then recolonization could be
relatively rapide. Recovery from small-scale localized cectruciion caused by natural events
usually requires 1less than ten years providing thal major sciters of the commnity remain
virtually intact and the ar<a involved is not marginal {or coral growth or subjected to
poilution. Periods of tirme ranging frem 13 to ¢l years are yequired for full recovery of
affected rea2f arecas following heavry destruction caused by natural events (undcan 19/0)

I1£ destruction caused by the natural event nas been especially severe, several decades might
be required for complete recaovery. Indeed, Ltoddart (1974} has suggested that, in the case
of damage caused by tropical storms, there is a threshold of damage beyond which the effects
of the damage may be prolonzed. '

A4S roted by Endean (1976) (here are indications that when human activities are respon-
sible for coral destructiorn, lack of recovery may prove to be common. 1ln some cases, the
activities responsible have rendered the aren invelved unsuitable for coral growth. Des-
truction of the coral reefs in the lagoon at Palmyra lsland and their subsequent replacement
by algal communities (Dawson, 1959) as a r2sult of the erection of causeways which interfered
with water circulaticn in the lagocn provides a classic example of the way hwaans can destroy
coral reefs.

Recovery of reefs after devastation by Acanthaster rlanci nas been studied and it may
be instructive to examine the sequence of events that has cccurred on these reefs. In the
case of reefs of the (reat Barrier Reef it was found that within 7-3 weeks the exposed
skeletonus of corals killed by the starfish bugan tn acquire an zlgal coating that subse-
quently thickened and darkened (Encean and HStablum, 1973a). [Euring this period there was
an obhvicus breakdovu of typical coral reef humMHLiLy structure, coral-associated animals
being particularly affocted by the change from a ¢oral-dondnezted to an aigae-dominated
commanitye

Vithin a few months after ¢ reef hal been Jdevastated by Ae Jlenci an civicus increase
in the alcyonarian cover, partvicuiarly in lagoons and back rect artag, ccourred.  Frequently
these soft corals grew over the skeletons of corals killed by the starfisk., In scme
reglens ctalyed alqae (e.g. Turbigggié sp.) proliferzted and covered coral ckeletone. In
other cases the skeletons of branchivg corale fragqunted and formed piles of rubble, The
rubble accumilated in lagoons and back reesf areas, 2specially arcund the bLases of coral
pinnacles.
Within 3~} years alter devastation of a reaf by 4. planci, the first ccral recolonizers
wvere noted. Well lnown opportunistic species such as Pocillopora damicornis, Seriatopor:
hystrir, Stylophora pistilluta and fcropora hvacinthus were among the first corals to settle,
Endean and Stablum (1973a) noted an apparent relationship between the rate of recovery of
an area of reef and the extent of coral destructiorn irn the arec caused by the starfish ini-
tially, the greater the initial dectruction the slowar th: recovery.

Figures for tiie coral cover of muercus rcefq devast=d by Ao B}anC1 several years
after the devastation had occurred have heen presented by BEndean and Stablunm (1973, 1973a),
Endean (1974) and Pearson (1974). In & Yew regiouns, usually near patches of corals that had
survived the A. planci attacks, coral rejrowth had been impressive, particularly where fast-
growiny tabular colonies of Acropera hvachinthus were well represented among the recolonizers.
However, on many rezfs recolonization had bean surprisingly <low and in msny situations,
particularly in back reef areac, was negligible 6--10 years after destruction of corals by Ae
planci had occurred. It has been ectimated (Endewrs, 1973, 19/6) that a period in excess of
20 years end possibly periods ranging frem 0 to 40 yo.rs would be required for complete
recovery (including restoration of typiczl wpecias di \PIQLTYr of reefs of the (reat Barrier
Reef devastated by A. planci. However, the fastors that have Lriggered the A, planci
infestations may sti1l be operative and the possibility rust be entertained That sffected
reefs will be reinvaded by A. planci during the course of recelonization by hard corals.
Should this happen, then affected reefs might be impoverished indefinitely.
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It may also be instructive to examine the ecological and econondc consequences of the
destruction of coral reefs hy A. Elanci. The lone-terin ecological consequences of the
destruction of the bulk of the hard coral covar sf reefs in the central region of the Great
Barrier Reef that has already occurred =on oniv be guessed at. The reefs of tne Great
Barrier Reef can be regarded as constititing an rcosystem and major disturbainczs in one
part of the systam inevitably affect otaer pavts. However, several years may elapse before
such effects manifcst themselves.

Maturaliy, tourists, particnlarly undervavoer enthusiasts and reef fossickers, are
appalled by the appearance of reafs devastated by the crown-of-thorns starfishe. However,
most tourists to the Great Darvricer Beef arca visit only reef areas in the immediate vicinity
of tourist resorts. Tc-date, only one tourist resort, Green Island, situated on the Great
Barrier Reef rroper, has besn alfected by an intestation of crown-of-thorns starfishe
During the starfish infestation the manazzient of the recort too) measures to Toutrol the
infestations, 27 000 starfish being collected from one amail area of the reef flat visited
by glass-bottomed hoats (Barres, 1U56 ). When such control measures failed, the management
appealed to the Juseasland governient for assistance. Subsequenu to the Creen Island
infestation, the effects »f the starficn depresdstione bove nos been highlighted becaus2
of the possibilivy of an adverse affact en th-e tourisuy trade.

The crown-nt-thorns starfich 31115 only tie ven ot Living aorals of reafs and thece
is no iikelilood that the limsclese corves of oot siir Lo cgposed and subsequently crodesd
away as a resuvit of the destrucrion of liviag co1=is. oowever, destruction of the nard
corals and relo~ation of ihear sheietons an deiais conid well affect drainage patterus in
innte patterns zould affecttne stabiliny
that Sreen Island, where the reet was
15 srverely ecrdeds  However, tue possi-

’

shallow water cn reef (lats and altzration: o
cf Coral onve, It mas b oo hore thar a OO0
devastated by A. planci Julns rhe ($60s, is now bedr
bility that Arol ~T?§ﬁtern; A The ree 0L have beon altere o as g result of the Al
planci infestations i

Jarrant s invectigallon.

Many workers who have stodizd She A, pioac infest ionsy ave commented on the eft=ct
of the destricrion of the hard coral Cover ¢ L oon n asident fish fauna of tha veef,

There is canerat agreenent that tae vsual associated fish disappears
after the buld of the nard coral 2f o recl ass buen hitled, It mdght be enpecued that
the disappraryce of prime lood Fish such strqui,:ert(P1L££pupmmxnmcu‘utwn)from deva-
stated reefs would be reflected in comrercial Jisl catches ilanded on the coast of tropical
gueensland. Datn on weighte ol ditferent apecing of comercial fish received each financial
year (ist Iulv to 30 Jur.e) it Fich Board depots ot diflerent rorts alonqg the Queensland
coast for the financial years 19014-197% are available from the antual Reports of tne Mueens-
land Fish Boards. Information on the pumber ol Barrier Re>f §£9:hing boa%ts rejisterad at

these ports for the czlunlar year 19741573 inclusive has been made available by the Fisherin-
Gection of the Queensland Lepartment of Aboriglaal -nd {slicviers Advancement and Fisharies,
The data on weights of coral trout recrived zt differe.s Gueensland ports and dat on {ishins
boats regiscered at these ports are preszmted in Figurs 1. Lt can be scen lnal, 1u Uae MALR,
there has been a steady increase in the numoer of fisning boatsregistersl at cach port during
the period 1964-~1973. In mosl cesés The original nuwnber has mere than doub However,

the weights of coral trout peceived ac eaCn povy, vitn the excepilon of N
period 1953-1075 were much the saiw at the end of the @ eriod as at the beoinning despite

the apparent increase in fishing ¢fort as indicated by the increase in numbers of boats
registered. On the cther hand, catches ol zoral treut reczived at the Mackay Fish Board

have shown a phenomenal rise during the 19705. The roasons tor this pise are being evaluated.
However, orelinminary enquiries suggest that reefo oft Vackey which wntil 1973 were virtuaily
free of starfish damage have been worred by cone of the boats registered at other gueensland
ports because reefs off tre home ports of theus boats were devastated by 4. planci during the
mid and late 19%60s and have since carrind fow commerzial fisnhe.

xav, during tie
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Figure 1. CGraph showing weigat (in thousands of Filograms) of coral trout (flectronoma
gﬂgglatum) received by ¥ien Boards at variocus Quiensland localities for the
financial years 1%63-197% inclusive and graph shoving number of reef fishing
boats registered in ports indicated for the calendar years 1964-1973 inclusive

/e CTONCLUSIONS

If all forms of human activity that caucze significant damage to natural ecosystems be
regarded as pollution, then coral reef ecasystems throughout the world are leing subjected
to various types of pollution. Thé3e 1ypes rclule unpianned agriculture and deforestation
near <horelires that lead to increased ifreshiater run-off and sediment depos;tion in coralli-
ferous areas; mining activities that cause direct damage to the biota of recfe; dredging
and filling activities that damage the hiota directly or indiructly; the rejease into
waters bathing coral reefs of toxic substances such as indvstrial wastes containing heavy
metals; the indiscriminate use in coralliferoun areas of man-made organic compounds sucl;
as pe‘gistént'bhggigidesngig_deterqents;'the discharge of oil, the dischargr of heated
and/or highly saline effluent+ and the discharg€ €7 sewaje into these areas; the blasting
of coral reefs with conventional explusives; the testing of nuclagr weapone in corgllifercus
areas; the introduction of alien species to these areas; the evcessive collecting by humans
of particular elements of the coral raef biota and the precence on reefs of large numbers
of people (tourism) some of vhom cause nechanical domage to elements of the biota, Instances

3
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of the adverse effects on reef communities produced by each type of pollution are avail :i:i-
but the precise extent to which reef commnitiezs in any geographical area have already hen
affected by any form of pollution is unkuown. However, because of marked increases in huo
populations and in industrial activity now cecurring in most coralliferous areas, it can o
expected that most forms of pollution in taese areas arce increasing rapidly. In the noi
distant future the effects of this increared poliution cculd well be dovastating.

It i1s mown that Zatastrophic Jastruction of Lhd nard coral cover of hundieds of ree)
throughout the Indo-west Pacific region as a result of popuiaticn explosizng of the cora’
eating starfish acanthaster planci o ~onmpred dusing the past tventy-five years and pare
cularly during the last decade. There are covent ccasons for believin: trav the A, paonci
populatior explosions are man-induced and stem from the excessive collecting by humans of
natural predators of A, planci. 1f this is 30, Uien cvercellecting of slements of the o
biota by humans inav he the pmost siarific mt form of pellution currently sacarring on <ors.
reefs, [ this as it roy, there ic L, ~bvious nzad for reliable information on the pres.r
condition ¢f coral reet onmrncities in coch of the majar geodraphical regicas vhere Coral
reefs occur and on the relative smpcstance of eacl maior form of pollution in each arca.
Analysis of this intopmation should provide an indication of the extent te which reef
communitiec have already bLeen affected Lv pollutien. lowever, bafore o realicric assessoe
can be mads of tho periods of time *lat will elaps - Lafore uncontrolled pollution reaches
levels that will probetly be critival for the viebility of cornl peef communities in parti-
areas, informacion must also be obtained cn the ersucted rate of increas® of each major o
of pollution, the exten: to which the various forms of polilution can =t synergisticall - ‘-
damage major element: of trne reef bicta ond the extent to which pollution jenerallwy ar.eo:
the abilitv ¢ theee 216 ts to cope fith natura) stes.es,

The long-term ecological and ezonomic consequences of the destruction by pellution -7
major elements of th: coral reof cormumity, such as the hard coral cover, can only be guol.
at but exemination o7 the ¢frects of masszive dertruction of the hard ccoral cover of numer -
reefs in the central region of the Great Darrier kesf caused by Acanthaster planci irtes<s
tions provide some irdications of e short-term consequencss to be exprcted. Initially,
there is a switch on s dovastated reef from a coral-dominated community to an algae-domir
cenumunity, the svitch being asseocisted with marked changes in species composition, Thers
are strong indicatione that, as a result of these changes, commercial fishing based on <o
reef fishes has already been adversely aftected. Desgpite the drad appearances of devast o
reefs there are no chvicus sins “hat tourism getivity in the area nas boen adversely affe
However, most touris! resorts there are located cn oor near the Queensland mainland and ree:
(particularly fringiny reafs arqound near-snore rocky islands) that have not been infzsued
with Acauthaster Elgnmi remain aviijable for inspection by tourists. Tt is poscinle tnat
interference with drainage patterns in shallow water areas of reefs as a result of oxten:s
destruction of hard ¢orals will affe t the stability of scceme coral cays, such as Green
Island cay (itself a tourisi resort) but the results of studies on this aspect are not ye*
available, 1n ceontrics shere coralliffrous areas are not as extensive as the Great Barr
keefP arca but where coral recf tourism swod commercinl fisring based on caral reef specioes
fiqure mor prominentiy in the noticna! economy than they do in Australia, the consequenan
of massive destruction of the hard coral - ver of reers by pollution could vwell be far moao
serious. fOonaideraticn of the low;-terr ecological consequences of massive Jdestruction o)
hard coral cover of reefl by pollution I ilses questiont about the length of the time requi:
for coral reef commuidtics to recove: rom destiuctlion caused by catastrophic events.

Studies of recovery of coral reei communities davastated Ly natural catastrophic even
indicate trat recovery Irom rvlativaly sialli-scale patechy destruction reguires less thon
ten years., Pericds of time ranginyg from ten to lwealy years are required for full recover.
of areas that have Leen subjected to heavy destruction over large ar=as. 1f destruction
has been scpecially severe and invelves 1) major areas of a reef, then decades may he
required for full recovery. It is assumed that recovery in aach case in uneventful and
not punctuated by additional epicodes of deatrustion caused by natural ajencies or by
pollution. There are indications that when human activities (pollution) are responsible
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for destruction of coral reef communities reccvery could well be prolonged because the areas
are rendered unsuitable for coral growth., Also, destruction of biologically accommodated
coral reef communities by some forms of pollution may be more savere and widespread than
destruction caused by natural agencies, becaise the communities are not buffered against
perturbations induced by novel Factors whereas they have evolved mechanisms that buffer

them agairst perturbations caused by natural agencies to which they have been exposed
throughout their evolutionzry histories.

Tha means of detecting, monitoring and countering each of the various forms of pollution
affecting coral reef compwrities are available but the aciive support and cooperation of
governments in all coralliferous arcas will be required if pollution is to be effectively
contrclled in these areas. There js an urgent need for baseline data for the normal
structures of reef communities on unpolluted reefs in different geagraphical areas to be
obtained. This need vnderlines the desirahbility of creating adequate marine parks wvhere
the fauna is totally protected in each of *he major coralliferous areas. Desirably too,
these marine pasks should be associated with rerearch stations manned by zoral reef
bioclogists., Changes in the structures of coral 1v~f commmnitics stemming from pollution
could then be detected by requler monitoring of ~~efs in eacn aerea, particutarly those
nearest certres of human popadation. I changes resultivg from pollution are detected,
approprinte counter-meacures Lo control the poaticular fara @ forms of poliution involved
could then pe reccmmended to the :1olevant cosernment or governmeats, Althcugh pellution
in most tropical marine enviionuznts does rot appeasr, as y2t, to nave reached a critical
stage, the . planci populavion 2rplocions that have u,cax“ed in receat yeors in many
coralliiferous areas may indicate that this critical stage ic rapidly approching. HNow is
th: time for action and an excellent opportunity Lor concerted iuterrational antion for
the cons2rvation of coral reef commenitiecs presents itvself.
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