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1 e CORAL REEFS AND THEIR IMPORTAIICE 

Human activities have produced devastating effects on terrestrial ecosystems and it 
should come as no surprise that shallow-water marine ecosystems are now threatened. However, 
some of these marine ecosystems, such as coral reef ecosystems, are usually covered by
several metres of water and hidden from the view of all but skin and acuba divers. Few 
reefs are under continuous observation by scientific personnel and little attention has 
been given to the impact of man on coral reefs. Hence, it is not generally 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
induced.
 

Coral. reefs are rigid shallow-water structures formed from the calcareous skeletal 
remains of corals, coralline algae and other orgwaisms. Usually, the remains are compacted 
to form reef limestone. The limestone carries a veneer of living organisms which constitute 
the coral reef community. Coral reels 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 humar populations increase, As yet, their full poten
tial as tourist attractions and recreational centres has not becn realized. Fow terrestri-l 
areas can rival the beauty and interest provided by coral reef communities. Scuba and skiwr' 
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diving, fishing, swimming, fossicking at low tide on reefs, examination and photography of
 
of i-efs, sailing and boatingr among reefs and exploring ofthe diverse fauna and flora 

islands situated on reefs are unong the recreational activities that coral reefs have to 

offer,
 

Toxic products froim terrestrial plant.s - c.q. morl-hine, atropine, curare, strvchnine, 
for long bees u',ed in noudicine and studi':s of the pharmaoloqic,.digitalis, etc. - have 

,have enabled hundre&d of new ,i:-qs toactivities and chemical structure of the iodPctS' 


be synthesized. The clinical use of )enicillin and other anti-microbial (:om:ound-5 derived
 

from fungi has revolutioniz'] the trr.nt o certain diseo'nes. In rec'*1:' v'ears it hais 
COMtl'(AU.d5 including anti-nicro,J al co.iiiurindi,become apparent that a wide variety 0 :,:: 

is elaborated by marine oa',aisnv, especi l y those found on cora reefs (Indear., 1266). 
e fros:i some o!' :es, toxi.'The possibiI.it,,' :that new ic r c1ut:i c , !i Jdveloped 

products i- curre.tl, !eiic in vsti .>.tu'1. 

Then aqain, coral roef c:r.n., it:: .s art ,r:.anu the most biuooically productive of ill 

(ir ure, i'171; -, Y')7 . '!oa,1 Ortent iai of such cor.:ntni t co tonatural comslni tJti.e 
provide food has not been lu ly e:Aored .,en th- exploitation of obvious food '-Ource. 

such as fish and crustaceans ha'. not b1c'n ,rop-rly .vesticated, Because of the phenow:eV.i 
,:'c jCC '1rrinl,, it ic VL al that opti-t' ' increase in ,.. , ,In 'I '00, that ] 

use should te ,,d e f 'A c " !"Id t '; , t'wLl 

HIigh :'rade for a1ti ties, s,..sufacturing, 

for agricult-'i to i"; present ill norn: q. .ntitieson cr,ra]. reefs . Some of this io:,,e ci;( 

be removed in some case- ,without aiprcidfl]: dajbaqc ro cora'. reef comi r=,Lties. 

liti a'ontrcstunri treatmnnt of ure ;, and 

It is not generally a,.jreciated that Scra] veeti. possesS a vast bacteril. flora which 

.dth benthic- animals; remove organi"n material5 from sea '-or. A:cuordifdJljy, cora]togjether 
reefs act as, gifantic filter,- helpinj Io purify. st.- .:ater (So! -erscal cnrm*unicaion 

1oreovor, as pointeK out ).y Johamoii:; (19'/ ) , coral re- a:t :j . .i ,'i njbak i/Oa eI S 

which give to of 1:iloretrec o ,i-: ttl rd which perwit.-rotectio:i thaus-ic,; 0"co. 
the continued existence of hund:.-ds of islan. 

In view- of the irmiortauce v i :o!.1 ef'eco /stes iL behoves us to combatLal .rajor 

threats to tihese biocenooec,. :h.'cver, it -s caly recently, thanks to the r'eerin ; wori 

of R.E. Johanes, that the re,A nitur,. .f these t:hats has become appainit. We carl bu 

hope that t:he view of '/o! ; (1 p. 47) that ",vi iunprej idiced observer r'.iiht well be fear" 

ful that in tue not-too-distant fuature- our children may be able to learn alout the coral 

reefs only from books axd documentary films, for one of nature's unique habitats will have 

vanished from the face of the earth" proves to be unduly pessimistic and that by taking 

urgent action to counter current threat!; to coral reef conu.unities we can ensure their 

continued existence. 

2. SOME FEA'IES Oi '1i1E CORAL REEF COiiJIT Y THAT HAVE 
PART :CULAR PELEVAP CE FOR POLLUTI ClCSTUDIES 

Coral. reef co;rourities arc faaed for their biopji(a.1 ccomplexity. They possess lar-i: 

numbers of plant and alucai scies. For example, a,; !(,xis ately 100 species of coral. and 

700 species of fish have bheen r'corrh:d frm tiie }ni]. watli! of the reel' flat at Heron 

Island, Great Barrier *eev (Jones and Endevi, 1 .%). The species richness of such comurn.i

ties is generally attri)Ited co) hi.a> OncC o' ceao:.'>1 relationship:! and ccmplfc:

interactionls (Glyan, 1973; E:ir .ch, 1175', These tend to evolve in tropical envino: rents 

where steady and predict;di yico-:hei con.'lttio; have persisted over long periods 

of time.
 

AM 4.'. . 
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Many species present are highly specialized (e.g. many of the coral associates
 
described by Patroa, 197) and contriilute to the uiniqueress cf the coral reel community.
 
However, generalists are also well rcpt.s,.nted. Despite the r;tructural ccmplexity of the
 
mature coral reef coifUalt.iniY, populatio- 3..e'; o' inldividual species are. essentially stable 
(Grassle, 1973; Ehrlich, 197",). tabi i.ty al'parcntly _s5tems from the operation of a 
multiplicity of hlonroatatic meLCanism; that K'iy, bCVn . ',';.red dring tile evolutionary 
history of coral reef cor niazitaus. These ....n: r i: -inuld o, the i..xistcc.a of a great 
number of complex interactionur i:,the spe :i,-i ich con:aani y. Indeedl the cor.-l reef 
cormunities of the Indo-4est Pa,. fc reglon (Id b I oly a,-cCrvmdated,ea to bio i,. 
(Sander<.., 1968) because bialo"tgicai interacit, ' t'c as ,arse'ition, p ioedt ion, symbiosis, 
etc., play key roles as det.drmina.Ls of coasvuniy structure. ?li contrast, .astern Pacific 
coral reef cominunitie3 which are,1 apa'~rate in Sp iuC ,n ,.iidto be physically accommo

physical 1u' J"rn important rolesdated because factors .; ext.:; o , .'e p iv ro,re 
than biological factors in deteinininj comr,-sctjty jtruct. 

It .;hould be appreciated tl-a%, aItiton T bioloqically a'corw, dated coraLl reef conununi
,ties have evolved mechanism: th:ct e-sirt cha-ne induced b, nvrma. e-vents that have operated

continucusly or intermittertly .iorail tnnla, tney may rot be i ajainst perturbations
induced by r rev( factors.* 'ortain human Cn!ay c,n'Ai:titute sach rwovel f"Ictors against 
u.'hicj" they have no defenses. A!;-- recul t , 3T:a!ct"c phic de.;ctirction of tham coummnities may 
occt course, localizei CasL'r-ctioa o-, co' ,is and their issocijtes as a zesult of the 
olL. "'orrnal phy;ic,. oa'l bioi Joaic-.t I { cLa r cctl: : ai l, ]. 7 c;ric .all reefs Jd-,oral

'.i ial .,nccar.e.is apet. "spoirsible Y',-a tac<.p at', aoim:.Lc .f' ti m l'';, (>;rie,.ra, 1576)• 

oc.as iOraL, .ractiol o tie ilot.1 n .1Ac1. th'ral cJela::y !'ich 'I5 ; ;(-verfe tropie.,aI] 
£t rmai -iextea ai tid .a t wotild tp!eor that in t '! past.,e but, icintd at), Enrv (19';(),
-atastrophic ,.letruction ra] elre coata'aiti war; andof r,-l ' a :ven tha L these coaaru
ni ies "in soniCiareas at Ic't, h;t1 i hitor,/ oa C- intin11oa1s d.. al thoug hhave a nrpa.:; 
tel: con rnunities have aoveP 1:t.erail y ire:, t.otime of eu,;tac ., in seat obec,.:a-z chan-.rS 
level" • 

Altholl,1h coral.' play i , il i o u: ion ,e,! rcia;.,.-na-a-,c of' cora] reefs 
foavonrral_'leveloplmar:at a. a C': lx comm,'a1ties, otherzheay creat-fc1 condiLiont. r tGru ,. 


orga, i.sms also play inportar.t r31'.a a the . ~aaaraiq taJ ainl-aaic o" t,;c cetuarwities.
 
Some of there crganlism, rtnv oCW.l ',:y pO ion'.in food awcbs their etl-,_tive e imin
and "ion 
could have profound effect.; o2 ti.e eCltiret a re1'CO.,a;,ur, tte:t. ald theref : 
be give" to the possibility that Ut' ,lelete- Ca'; efacts A' cf'at;inL' om; t pollution r ;:it 

more dCcisivel' o." r 1"i* o,be exerted ele:aats Of ,e P :tl tha'i cr Al sc i:eorganis
msight be iaaare sensitive indicator!; th ,.t ' . Of forenaa the tel0 ,art1ctja.'; of 
poilutrion. 

l:'; coral reefs are Eerar:iaed ficat other coral reefs bv sizeable stre tches of water. 
>h;dIeed sahny coral reefs aay L' regarded as "oa---.s in th,. oceanic deret" (Sorolin, 1973). 
Coral reef communitie.s on .rncl r'eef' a-o ess ntial!y distinct entiti(e 3ltitough comitunity 
structure may be similar for reef.: in particalar geographical arear. (.onefilow among 
populations of amst species o tie diff,:rent reef's ie- maintaintad by transport of sexual 
products and laar-:e by curr(ontS i1 few .pecies front reef another.a !;aer-, miqrate one to 

3. D L'Gl 01 

Pollution has nany forns a,d may be deimint ia a nrAamhtrr of wayi. Most definitions 
aake some refereace to the potential 1%yalve ce eftccts of polluation on the t.nvironiment for, 
if unchecked, pollution w.1l produWce. environme:tal cha~jcs thA: are generally regarded as 
injurious to human welfare,, . u at:Centio i; focai,-ne , on cnaemical pollution of air anl 
water as pollution of' thi,. ,p, if e .;iVe, pa,.A!acra,; ,]el.etcriour effects that can readily 

appr'eciiated laymen res h:-,: bx' rld tolj a!; a l of .:,;a~ian of ,,ir they breath;e 
or the w<ater they drink. a' r-e~a.tiern iv, .effectt: , !ellwson on c.r,-ai.isams other 
th'An huarlans apiu's to be rey.-i2' Id ': c laI y s> : <'; ' i.,,tur, ',at. Yet tle taos t'5 on 
pre.ssing o: c!ll enviara:'ne:;a-rol;li: rt t-r, ' ."; ,r: '.ta jo :, -:i 0C; Ic'I'.,'L:l of l"At ral, eco-

AVB~IV 
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systems regarded by Ehrlich (1974) as the life-support systerr7 of our planet. In the main, 

humans are responsible for the destruction of these natural ecosystems, and all forms of 

human activity that caua.e significant damage to these ecosystems can be regarded as 

pollution. These humaniactivatie.r certairy inclide the rca~.:..e of toxic chemicals into 
lurre::tl;1e havinq .igreater effec:tthe enviroY.r,':nt but other forr3, if human ac' ivitv may 

on some L ,( m suclri ;,U-, c-or,..l :'e cu:Y -ci . 

::c.t and, coral veef conmuwnitiesEcosystes are com-ri-zed of discrvte eei; a far as 

V; thL: introdaction into their are concerned, polluticn cuii1d -E i. ,. advdntFi;e, 


environment of subftance.-, or'Ii' n, h aCtivittlf. various thit either
' Zr..u: of kinds 
or so upset them thar oinificnt advorserender existi.-, homostatic mlc'hanif.Tf irG ffc:ttve 

occur. .'icoure, z,,ld argument ,ibcut the unount o:.'change in comn'muity str'ctu- there be 

change that must occur be fc'r' it is c\onicO: .n'ficrvt. A\.so, there (-o'cd b ar unr 

,. ir cor-:uniiy st-tu:tur: -rt:, in fact, L.',ver.e. licwever, inabout whether particular c 
many cases, the d-nuage res:u tij a poiUtien i5 ov- uS -ivl wequi-.ocal as ihen corrplete;ro!n1 

Faunist'
breakdown of coirunity -tructure CLcum-;, Tr such c sos , the ,ittndant reduction in 

diversity, the diab appearanice of the reef!- mn-,o]v.,.l ,ov-d tue is;ociated economic loss when 

reef fisherie-s t r -rded -.e)pleor aorris.r,f'ect..i ,re i.., ',,; :.x-st as adver!7e changes. 

4. 'PE TYPES (: POLLITION AYi'ECTTNG 2CRA, ' .:Y'COMMUl:ITIFS 

AND CONTROL C' EACU TYPE 

4.1 Sedimentation
 

is we2l known that coral colonies can be killed as a result of material such asIt 
from above or aS a result of an !ncroachment of accxumlatedmud or sand failing an them 

are iuable to withstand burial undersediment from Lclow. Inleed most species of coral 


sediment fc.r pc iod-:; lonqer than one cr two days (l,iye-, 1918, 1918a; :&dnondson, 1928).
 
Large quant-iuf no Coral -;and nd rubhle ire. soniret:ue deposited on living coral col-nieS 

during severc tropical storms resulin in I ,7"jC-ScalC r'crriities of , olc, so buried. 
!e rc':f Crest and', lJacent areasFor example, during a cyc' n.' in llmrch 197? . ct rr n( : 

on the northern side of ,''crn i.i. ,-:ric-rn Group, GretO .ar-i,': r Reel , ,-ere blanketed 

vith corml rand which ouried numerous, coral cionicr * 2om , the burie,l .'ol:nries were 

et! y their 'a. ound ti R, Endean and-ni ' be putrefyin(Tuncov;ered i, ,lays -,ub-t, 
Iha; thoi, as sociate'd wil;h

P. Aldersladic, unpui hedj. Under es e.: c e: rica; 
'"ic n I.cur.: a:20n . ii be ra-. pcnsib 2 for. sub:,tantia,*tropical :,;r.'5 dir.... deK-

coral rt'a c;' t'treat by17r.-.,;',edic.ort %"aris with pirtiJc ,r anA with 

n'r e. I e., i waork of Marsh: )l and (.Crr (1i931)the specie , of :..".1 * ha', : ', 

r y , ir' suc.e.S.fulthat colo:,I:,b!t!h J.V .uvral'i 

i t I t .:' , to s iees that have . I..1 polyp.


at ri.,ldinq the(14' .
 
dif/ft n'es 'n thte extent t whicsi seciment%nd (i972''hewe'dRecently, nLasr -1o that 

. of -a I I Calyx g ometryr is well -; 
was rejected wrf:.-I o dat'; i, a j.i 

. : L0,'I , ; r, "'., , r also related to partil l(*to polyp .e, Nf. o'.r).(thfv't w.)w(!d '.; 


V c ) -I-. an; coral.s,
r.:']vi ; zc f .ed ,rt , pecies of reefsize. 1n stuli: ; inv 

the only "' ze c)ass; esa'ed by a!
showed th silt, 0,r1 , " i if], ')s(- , wi-' 


specie': of croV.
 

", s....:t , t c,-(T'r>.i ed t-_ ,,_atal .'s by riverl:, *IV,'Dramu ia:,"aica : inin iI ICLd 

have -c'urred in i erus ire35 l rec-enf 

e.g.ricultur nd dcOr0sts.iCn 'li to ac e:le;:ratnd ec-osion o.f land s,'fac. The ossi

bility that increastc.':.edi'r'ctatio:: 5trruiir frr,; this cau,;e would have an adv-rse erff:ct 

streams irem;e inori ',ari3 0 s a -esuil of urp ann-A 

;by -Iairbr:.dj,: on corals groving in the L.ow TIe- 1egion of the Grea.t 3arrier Reei wa : ,aise 
(1948)". Ar pointed ou .7niarnes (1 ) high isl.nds and continental landand Teitchert 

areas fringed by,coral reefs are 'rciqoeritly art,a of high rainfall and lush vegetation anl
 

removed in such areas.
are particularly susceptible to e.'-sion whe:n tht v'iict-tiu.: is-
load carried from erod,.,! land by stremLS, largerApart from an increase in the sediment 

the to the shoreline where coralvolumes of fresh water than u-;ual t I'; do,,ni 

http:Iairbr:.dj
http:mlc'hanif.Tf
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reefs occur. Marked fluctuations in salinity are inimical to the survival of corals (Endean,
 
1976). 

Since 1945 the watershed about Kaneohe Boy, 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 has been vi increase in the freshwater run-off from the 
watershed during stools and there is evidence for a great increase in the amount of sediment
 
carried into the bay annualLy, n;,uch of the sediment arisinq from newly bulldozed land.
 
Although there has been a heavy mo,'tality of' cor31.s in K.-neohe Bay since 1950, the actual
 
extent that sedimentation has contributed to thiis rortality ,',nmovn. 

Deforestation associated with land developmer.t projects for :igriculture, tourism and 
housing construictions hc,! been catrrie oul at an increasing rLctt over the past ten years 
on alnuist all parts of Okina-da (Nishihira anu Y,,azato, 1974). As a result, a heavy sed"
mertation of red clay particles occurring on the shallow reefs 3.e.nrin many Areas and 
coral mortality has been extensive. Dev-,st.tted ornas of ieef 17ortinue to e!:p.and. 

With respect to rii;igation of the deleterious effects .,f heavy sedinen.ation on coral 
reef comnut.nities, it is essential that n:w IgUricultura2 j,;'oje.:t:s and other developmental 
projects involving extensive deforestation nea,; :horeline ir. <oralifcrous era- should 
be carefully sited ad plairned so a!;to ,rosion of livid ;urfaces. c:nservapinimize Soil 
tion technique, appropriate for the area cn.crncd should be 1ractised and attention should 
be given to restricting the sediment loads rorried Ly stres and rivers discharging near 
coral reefs. Possibly, n zy-tem of darn mI irrigation canals that would eIow stream veloci
ties and hence the -rdimen ca ri--,l be useful -. instances.lessen , 1 .ould fouriJ in ore 

4.2 D:edgin., iillinj ,id MuII 

Cor ,]reefs are considered b, ;o ie to be rer!ewable resour-:es that should be mined 
systematically. However, direct mininn of eef" lj,,iestone po,;es hazards. Irevitably, a 
great dea2 of mechanical d(amage will be iinf]ic'sd on the biota oC reefs, aW;d r-nef habitats 
will be altered as a result of the .,ining ,:tivities theuselves. Lulofs (1973) has described 
how in Malayi.- dislodged coral colonies a;'o (ir-gged acros reefs; before be.ng winched 
aboard vesntils. In one cases the ,ount of ccr-,l re-=ved .r.m r-'efs is suhstantial. It
 
has beeiL estimated for axail, that 6U 00(, rin'of ,oral ston,;5, arwj-,vmovet! minvally froin cornal 
reefs in the Culf of ?5ana and Fall 'Pay, Tnd.ia (IMlaadev;.n and Naya', 19Y'/) :irlWa1kcr (1962) 
has commented on the c.ver-cxp2oita1t ic of , ef c02"als i:; Mauritius. Tilen Ico, the stirring 
up aad transhocstirn of sedinent duriif, tit.- :',.oval of reef limestoe cooli result in ex
tensive djriage to an area of reef many c_1im7s ,Irzater thai the actual area of raining operations. 

M.ining in terrest~i-al location5,-. an have adverse effects on adjacent coral reefs if 
spoil is introduced intr. the amb.ent .;ea water as has occurred at one sea-!;ho-e locality 
at Okinawa where ballast from a quarry is waished with sea water (Nishihira and Yamazato, 
1974). 

Spoil from dredging activities in the vicinity of Townsville Harbour, Queenslaid, 
Australia, released over several years into waters near Magnetic Island has caused destruction 
of many of the coral colonies that formed friniing reefs arou;id the island (Bro-n, 1972; 
Endean, 1976). Tabular acropores weic p,-rticularly suteceptible to the rain of fine sediment 
produced when the spoil was dumped. It was n,)ted that algae invaded many areas after des
truction of, part of the corai cov'.er and prjcipitc:,:4 i'urther d,_-structior. by trapping se4iment. 

Dredging inerations arsc2ated ,ith reclitwx:sion o'o--on tuioe adjacent reef f'lats have 
been responsible for -oral .. !ccfities l'oth easternheavy nmr'!olity ,t varius on the and 
western coasts of Okinawa (Nishihia and Yanazato, 1974). Destuction of coral reef' Comu
nities caused by dredging ha, h:een cr,_erved ajt JohnstC)n island (Ulrock et al., 1966) iL 
Singapore (Johnson, 1970), the Seyr.heller (Vine, 1972), Arrerican Samoa--.Sverdloff, 1973) 
and at Guam (Harsh 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 Reef, in 1967. L~nd walls were rained around the perimreter 

of the channel and swing basin to prevent excessive drainage of water from the reef flat at 

low tide (water is normally d:.xired on the reef flat Lf the reef crest at low tide). However, 

a series of cyclones in the early 1570s made bre,,ch!s in the bund walls thereby causing an 

abnormal loweing uf wattr" leVwl i.t low tide on the !' ,at in Ch,_ vicinity of the harbour. 

This, in turn, led to a larm;e--ncale ortality of tne utpper yortions of coral colonies, 

particularly large Acropora colon-c. , near the harbou'r. 

in view of the foregoing, it is appa,-r"t thatc K'crdj:.., fillJnj an. mining activities 

in coral reef waters should be unertalen ;ith nre.t r'' onl.y after a carefcl assessment 
of the likely effecj, bearing in mind local condlition-, of .i,:h activities on coral reef 

communities. P rz.ticular attention :hould be given to the posi t~ility that sIch activities, 

especially those involvin,; filin,;, cou.ld! interf.-c . ith el - hei drainaqi p.itterns in 

lagoons or reef flats. , :-,oil t'oroT activities should noL bewithin Obvious!1 d3rel 'iii 
damped on coral reefs or in sj t'zic.r, wl.r'%, the pi l cu l te i v be r:arried by urface 
currents or tidal flow to cor-il reefs. 

in conjunction with Lns ibilit' studieG ncr', *Ij un lertakec in _onnexion vith ,ojeeted 

mining ventures, envirormental inj)fac .todiev; in' inj .iologists and engince'i.s should be 

made. If properly handled, thc dredging ol uncorn lid;'I d co,l sands at sore localities 

could create fewer envirorental. problems inte nx.inj the (flsns-i la'ed reef I biiesvtone. 

Dredging could be out t i :irnts such tniat selimentscarried when .ndade c ,ero '.ouldb

carried away from coral ic.f coamirunities, Tn: use o. a 'il.odifieA sut,ion heal t r,t coull be 

buried in the sanid (rsee .uhaire:;, 19 -'.) would iestrict tte amount of sediment stirred up. 

Sufficient amounts of coral sand could be left to maintain -eef profiles ,And to ensure that 

an adequate stock of sald-dwelling species is ava1ihie ta colorize sand nLaSset. as they 
reformed. Careful monitoring of -he effect of the drediin; operaitions on the coral reef 

conmuTnity should he carried ou, by ti-ained Liologists. 

41.3 Cheical Pollution 

As pointed cat by Pztlstead (1972) shallow water tropical insular regions are particu

larly susceptible to. chemical p.ollution. Thse are egic ns '.ihere coral reefs occur. 

However, the extent of cheuical pollutior. in these regions has not been studied. Few data 

are available on the nature of ch,!mical pcllutants rccurrinv; in cc r-. reef wat,!r, or on the 

.-P"ects of th-, pollutants on the b'hota of coral reefs. 

heavy metn 
of heavy metals in sedi.ncnit and mirine er-,nisr s have !votj, h..':.,ind in 'e,%r hiarbour, 

There is L dearth of "ntir-ation en pzortiO -<, 1n ref" aicas;. l.evels 

-e
Hawaii, by Ea. ; ,t al . '1972) andl t:i di:. tltiku i-,s;of li:. , . n jr e,12p0 ftom reefs 
in the Gulf of Mexico and in trtc l3nhLfts has been studie I by Tnyl'. and Bright (1973). 
The results of copper tc-;.city testis on a nunber of . ati, m ,rine fromweer-sscc organism-, 

south Florida have bern disc,ised by Che-hf-ur, (';5). It Al 1'!eoted coppe-r is an.. that 

important toxic contaxninnnt o' Sue efliunt -.1 de:.a'Uatoir. plt; wiich are proliferating 

in coral reef areas. The e{ects of the re '- e into r,,rix:e wa.cr ,f effluenc containing 

tailings from treatmfent -int Ih- :oppn:- on fishest lIarmi2ani C:plvit marine 

is being mnnito:v-d b) e:nvirorv,,-ltal c,'::ers <'':-ched t' hOL1Ijai11.'5:1e Copper (J. , 

personal comunication). 

Mercurial compounds are u: cd in agricultu.re in many tropical ""ourltriCe5In Cueesland, 

mercurial compounds are ue,!d as fungicide,; ,ind nintocies anociated with the su -r cane 

industry. It would be of interest to examine the erci'r' ccr, tent of the organis-;r growin 

on flats near the mouths of rivers and cree'$; .!reinin'g from sujar '.ane growing areas. 

It is well known that pollution of the wor".d's oceans by nin--made organic chemicals, 

particularly DDT, has occurred. DDT has been extcnri'.'ely used in coral reef areas where 

agriculture is carried out on a significant scale or where lari.e human populatian.; occur 

http:agricultu.re


- 349

(Chesher, 1969, 1969a; Randall, 1972). Other chlorinated hydrocarbons such as Dieldrin andEndrin which are more toxic for fishes and other marine organisms than DDT (Jolmson, 1968)have been widely uset in cer-tain coral rt:ef areas in recent years.
 

Few studies have 
 been cai-ried out on the efi'cts (acute of chronic) of chlorinatedhydrocarbons or other persistet. ,ici d-son elements of the coral reef comnunity. A reefcoral, Acropora cervicornus, was fourA. NcCoskev and Chesher (1571) to contain 3.12DDT, 260-320 ppt D ,cldrin ppband 2,01--300 ppt N>Y' plus PCBo,. The coral wat able to concentraterapidly experimentally introduce:i DD', D''_ -Mri-: a:'d Arc~lor 1254. Johtnnes (1972, 1975)reported that barracuda obtained frm reefs or the no'theni. part Cf the ;ulf of Mexicocontained high levels of DDT 6nd -inifi cant ow'unz of Dieldrin and Endrin, The corale.ting starfish Acanth-Aster lanri c llect-ed f -- ) :rious localiti contalined £ri-m 0.04
to 3.89 plpm DDT and 0.01-i .0'' pmTDildrin (,4 Cl .sco?,, 
 5euert, 


Localized fish 


Wm 1973). 

kills Iave o,:c'r i,spraying of insecticide'., thr ,-ooni ,: ahiti a,crpcci,I]y Die,,riz. (,;.id-1, V:;2 
a :'esult of uncontrolled 

. indeed the introduction of
 
pesticides into 
!agoors in lar'e '-ount:s C )C!,;e "-htajt:h hivd. In 1 970 fifteen totwenty tons of fish sudlen v died in ri, ':-. sjY-peopl, 'h) ate some of them werehospitalized. The fl esh 1L tie fjsh o:E i iril the ; ,'7 concentration of Cidrin ever'ecorded in fishes to th-i 'ate (our-n, I97). T;,.o petiiial hazard ot' Iaqoon contaminationby sprayinq i,; exacrl[tec in 51..e 
Eambeuchen in Randall, 

areas by the del .1:)! t'fl. 01. inlse,:tciden to kill fish.1972) hi5 described how ihe inh: jito:t of arot:cqa in th. CookisIands use Lindtne and )iei lin to lii fihhe, in po]. -t i grorns.
 

Ch"'oliic f".eCts el 
 :ited Ii! nenbers uf the coral reei cotmunity !y phemicaipollutantshave not beer studied. i t is po'.;sible th,c sop-e sp ce Py he e;pe.-:ially susceptiblethese oli',taS while t:thers' ore partic to
l ,ly res istant. Selective eiiminjtiol of some.,peciee. could result in marked ilteration,,

ni ties the 
in f:h-reef conmtunit-, 1,articu]i.-'y reef coaxraof lntio-West Pacific reion which a:ce re-rdod v-i biologically accommodated.The selective elimination of sp.-::alizud pred:ors,

comn."nity for ex nplc, could profoundly affectstructure. 1'he po-;szible of Perslveennt pesticidesnerssvert in triggering recentcrow.-e'-':hiox':; Staifich, Ac;.thci,ter. p1nci. polpulc.iri explosion; have been discussed byF-carson :tnd tSod ai (I 9 S) , iserCS977l Pav~l2(1f'2
 

Srme of thr dv:-r er iirr now hin 

coral 

t -T 0 i incll .-,;ing uantities into waters bathingay 1 'have a ffctr on, cr",Is or other etlements of the reef community.Barnes (.,a.73) h;an reportet(ia tiId r Palwolive) at concentratio,; as low as 0.05% 
was ca!liq of hlal ',:srv -n- C*: Ih ora' Iouta.trea c&,aer'njs;1 in JarTuica,

It is aip.trett from ti i bref 'l ,t of c'f;i.t - pol' ,ti..-nin cor.iliferous are s thatadditional lata rueare c >r. the Pxiev:t, to. 'i..'1i h cor.-lt r,.-e cororoi t'e.;taminated with heavy re-t ,re already con, cihloina ed L.'drcarbo ,, ud oth.': orq!--fii chemicals and ofthe lonj- tcrm chronic ,ft:f  of Lthese p1!l:aIllt: On :,l 1y n1211t3 in ttliers; .njitie.Obviously, steps should Le Axr: to reod :e the! , re ct t.o.ic compou.,5 di';charged intoslream!. .i sN irduvt,'i,-l p onts ai,! in thf! Inn-of frr.e a';riculturd. I ,nIs in coralliferous 
area, ' The effluents: ventures ;, these ar< v.:hu].d he re:i-71r1y monitoreddetect the torel'ease of heo,.'"" t cm-r' toxic cospollds uned in the trctmer,t of ores.Deterlents %ndcleanf.i C.- tl,,. u-ed dorf-,;tic.i),y in thfse artas shiould be niodeqradable.Obviously, the use i, .Ofl,!eZVd .rml a"£a ripe otie£edr"in to i1.1 fishes inlagoons should be affi'iL y di'C 0,r-rqe:. 

" iix.crcai, ig mho-r. ;cp9.u ] .rI .,o ,li a tU~nd~ncy for Zonc,:ntrtion of the - populatior,.: "nvi a, ndae!: tov,.ns l ,ve, ir recent years, 1od to problem,; connectcd wiLth t-ht disposalincreasinq r'amornts of Sewage. In-'.eed, cnr'l reef col'nnj Lie-,Pacific re.ion are now., in jrL y part:s of the Indc-Westboin(7 exposed to -otstbartial or,.nts ,f sew,1ge. In most cases, thelong-term effects of such eXposure can only bc qtlp.s:el at but 10,e potential danqers involved 
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are well illustrated as a revult -F studies !nad!e at )aneche Pay, Hawaiian Islands (Barner

and Bailey, 1970; Maragos, 1972: Satith 
 et el., 1.973; Banner, 1974; Johannes, 1975). Prior 
to 1950 1ianeohe Bay supported a flourishinq cral reef communitv. Aftd 1950 a heav
 
mortality of coral was observed and by 1970 cr:is had 
 virtuw.lly disappeared from the 
southern part of the Bay which Ias sa are. oi' aitou' b8i ha. 'he deaths of the zoral:; were 
attributed, at least iii part, to an ncrtfase in the a'-unt ,f sewage ente.-ic, the ay. Tn
1970, it was estirrated ':hat the outfal from the tw., 'yje y:te;ra dischar';in7 into the 
southern p'rl: of the Bay .ias about 3 atillic' 'jaiican ;-er day. It was sug-e,;ted th.,,anoeroW
conditions in the sediments resu-ilting in hyrm.eu sulphide eleax;e mav have be-en respon. ib ll 
(Maragos, 1972; Sorokin, 197k). However, increased !i'e:;hwater runoff I -( i:c] sed .;iltatjr
stemming frm urbanization of the Kaneohe Ba'-/ wite.-:hed nmay al(o have been involved. 

Then again, phosphate ieveln near jor werethe :,ia se~z' otfaill obrer:ecd to in.:r'..,se
between 1966 -rd 1970 Et an average annial raL:e of' ).7 ug ato:,/litre (C.uperon and C2 ttLI'.,
in Banner ,d Dailey, 1970). Eutroj,.ic,-atica, ariiing from incr-ased levels oj' ;hosph:.,e
and other nutrients appears to h:ve Lbeen responsible LC-ochanges in! the planhton corO.'!it.y
and may also have caused chinges .-wsng benthic organistm.;. In Itle surmner of 1,Y70 it was

observed that corals in the cat.. e11iCrj r';" Kne-he 'ay were being blanketed by an a1;&w, 
Dictyosphaeria cavernosa, w.ich formed thick heavy sheets and it was noted ihat t;eac lo.rated grcwth of the algae had paralleled the increasin; armounts of phosphate and nitrogen

entering the bay in sewage. (BPaXW:- and Paily, 1 the
"7). aiLjie in some unknon ,ay cau!;ed
erosicri of ccral sv-'..etons and di iote-tioh of reef' -f,,en; ohannes ( 97>nnoted that
 
popuil.-Itions nF reef fish '"e m.rl,:dJy r. in Ife d orc..
 

It I: '2-'ider'ed t.i . n t, ,ii.- p,,rent in aI ;'w.s th on reefr in tre vi zinity of
Waikiki Raach, Hawaii, ma, have been caus,-d by c' tcopi,' t tc: zt,:-ix fro, an inr.easa in
the volume of sewa';e to which the_- reefs e.::osed (Jchmtne, 1975). o d tt *'l ree f's 
in other region; are rerrtly, : ni advere 1, tffcc.td by -'Ie,, pollution. Barnes (197 )

has ccore-ited or the thuyat '-. y 'e,..-;e ai1]utior; 
 t the .aa-ican cora' re!efs xu;a resu'
 
of the rpid dze .spas t of ' ist iri'u'ry in th, country.
 

in sonle -- -. ::ha'e .r e V:, wri'f1-wind:'; ma,, a'f :, that sew-, ,ai, be sfely
 
discha;ged into The ocean, u 
 i- inont case-s '.he Iewde e:' -wue:,will require extensive *1
 
treatment in ,r--er to reduce auny .,ssibi'itv of eutrorph ication occu1rrin in ",allo..Co.s ta!
 
regions. At :he same tiie th! ,le'tion or the optimal sit.n; (f the openin;s cf d.

pipes carrying i ndust *ial and '..,ic e.ffluc,.L s ra sd. iToa larg* extent, local con
ditions vill sictate the :;itircari: det.iled -tudies of these conditions may be required.
 

4.5 iherral ' .s,]Aution 

As shown Ly Maeye-'I 518, 1913a) , Maycr ;"24] and :'.ondson (1928), maxiaium ambient
teinperaturec. normally enrcosntereu by corals ave only a f' dei;;ees below temperatures that 
are lethal for ccr-als. Even at 'lUb-lethai terperatures corals are adversely affected,
Hence, thermal enrichreit of the ccrbient sea '.ater as a result --f the releae of large
volumes of heated effluents from power statf:ims tnd industriail plants Doses a terious threat 
to shallow-water, cor,1n parr -zior v if t; he iated efflu .-nt i- ifcha rged in, sha low bays 
or partially laud-locked region,; jith rontrited water circul:itions. Jchanre:; (i,572, 1975)
has drawn attention to:the pctenTii1 da:.,er ;ote heated : '1 nn for trpFioaj xarine 
organism. generally. So far, fe', instiute, r,ortality of ,0-:'ine oreanisna stervi'in; from
this cause have been razordet in the lItr.ue, A rrqs mortalily of planrt an anXm1.1 
extending 1.5 km from the out lll wali Laused by heateI effluent tom a pewer plant at Turkcy
point in 5it~cayne Bay, Florida (Roos:sler and Zien'in, I'f9). Coraln were particularly
susceptible, being killed at greater d!st.,c,. from the outfall than othcr .jecies (Anony
mous, 1970). 
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2
in the Indo-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 wa! observed and many speciLs of fishes,
echinoderms and crustaceans as well as benthic alg,-.e disappeared from affected areas. 

In Hawaii, the reef at )-he Point, Oahu, wa surveyed bcCore and after an increase in
 
thermal discharge that accomp;vied expansion of the Lahe i'ower 2lant (Jokiel and Coles,

1974). The power planr used j , r,3 per oe of water
ea for cooling purposes and the tempe-.
rature of the sna water on di chcrqe w,15apj roximately 5Y to 6°C above intake temperature.
Pan.,,ge to corals; from the he-ated etfiluent was mot s.-vcre in late summer coinciding with 
ar nual ambient temperature mAxima. i.rolonged exposure to temperatures of 300 to 31C
caused corals to become File .o )sf .:o, xanthellar piment) initialiy. Subsequently,

the corals usually die. 
 Vof,",of the co;-,:d spec. of' coral encouLtered at Kahe Point
 
were affected but 2'eptastiea p rea shoIed som -ernce 
 of the elevated te!;iperatures

involved, noinal specimens of this .p,':Ie, being . .ca.;ionally foucni in areas from which
 
all other corals had been eliminated b- tl ,ii;al stress An increase in the quantity of

heated effl:uent bei rg chcf p ' ai "sult 
 '' expcn ;i.. of the power plant in 1972 led
 
to an inctctse in the o of, iad-:rtao' c;.arais fr,.., 0. -8 to 0.71 ha.
 

Iler.ause of the :.,J '.,. tr: of e 'ffluents on 

coraa reei cr:mvI ,ity, ,arfu] a tent_-,,r --hould be - i%-ei 


cifects ,e.:t lerrent5 of the 
Lo th' des bjr cf 'uture pcwer plants

that are to iperet. fer, a vie--, toi; cor 1 1. area;swith reducing efFluent temperatures.

Also t1:le Ofitint -enin.j of K.: effluentn should be such as to
th ,.JhargiqL :v-.te--d 

minimize dam,-ge to cor_ l reef ur ru:i . :': in the r".
 

4.6 Effl.uents fran:_;i i~~~j.!:./:,_ 

Johan.nes (1972, 1-5) L;,: ,discust,,le threat ro coral reef co;.amities poed .,

effluen cc from desalination 
 p],wit . Such effluencs tre characteri-:ed oy elevtited l,.vels 
of sali:ty artturear} s.;uchas weL c, eavy metals a- copp z, zinc and nickel. IManyspecies of c:orais are a-dlversely fec:u:1 byby ;,aini tie: o.ly c ightly abore those noriially
encount:rid (F(bnoadso, 19)29) and tii.; factor alonc wrran:': considera;.jon when .;electing 
sites Foi discha:.ge ,A effluents fom desalination piants. However, a!, pointed cut by( ,.ohanre;s9, p. T).e effet:; cI dcsalint ton eLents are gr atly complicated by
interacticn r,etwecn di.fft:' cut s..ves, ators. 1.)r eXample, zinc and co,4er can an t syner
gistjc,0)'V on ercjanii-s, as con ,.me mc. elavte, t,.'ratur., 

tc the 
plants Which are proliferatin,. i coi alliierous 

Few studies i-a-;e been re,,,!P Iet'trnine effel,;i of effiuent; rror desalination 
ar'a3., Corals ard other invertebrates have 

been iilled to a dista.ce of 00 m fro:. tll! point of discharge of a power desalinatioi, plant
nez.r St. Thomas, Vir"". Is lxi; ( 'aoe' and drigq, 1970)o At Key West, Florida, de
salination eff'lu , to ce,;oed markedaqpears have char:qns in the population denfities of 
many species in th dii.,:hri:. Hea ('C]ar'e .l. 1 )/, 197 0 a; Checke., 975)..: 


In view' of the fr,'eoin9 [':w0u11 -eem ise to attempt to Tduce the toxicity or
efflueunts irom dezaltuati-n p1 1 ncs operatrir in corall.iferou,_ areas. Again, carefal 
attention should be ,tiven to t.he sitin of di-acharie pipes in oid,'!r to minimize danage to 
coral raef Con(7nuitier.. 

4.7 Uil Pollution 

Because corals hi;ve been cbserved to flourish in some areas subject to chronic oil 
pollution (3pooner, 197; Shinz, 1972) aid because of I lock of reports in the literature of 
damage to coral reef coninunities stemming fro'n oil spilr (see Johannes, 1972) it has been 
generally assumed that corals are: i :;istant to oil. poilution. This belief was heightened as 
a result of experinw-rits ihvoIvizig the floating of 0.J over submerged coraks. In experimentscarried out by 3rant (197J) a 1.ayer of ;!oonie crude oil wa floated on the Lurf ce of sea 
water in which speci.T5nr -f >a'io: s.cta were ir±ed. The corals. showed no vi.;ible 

http:dista.ce
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signs of injury over a six-day observation period. Five different types of oil were floated over groops of the corals Porites omrpressa, Montipora "'rr-ucosa and Fujia scutaria for 
2.5 hours in unpublished experiments carried out by Johannes, Coles and Maragos (seeJohannes et a., 1. 72). Agai no visibrt sii. of damtige were observed during 25 days of 
subsequent oevatio;. 

Field studier appearud to supDo-,t t:lwiC "i:rborao0 rv -;t*die1. on WistariReef, Capricorn Grou|p, Auntral ia (Royal , , PaPaogeirr sprayed oil on97 'Ie) Grant 

water flowing over corals durinc4 
 a Fallini tiJe for I hour and 5.1 hours 2espetiveiy.Cor ls with tilc! prct:-.3Jnj secreted !;tr:r,ds ,:' xuct's but oilotherwise no effects of the 

on the corals itere observed. ysor ,
(?,1 C ssan 19,Y , paj 492) -1'ceef oil oft the92 Pl o
surface of tide pools on thc eldo of a rr.i' 'fat. Sut._rygd :uorals were umylamaqed.
result was ;n acorl, with thtc observati, - o,' Razlei, ,ro 2t,:r::r (i970) who - oimt thz 

This 
,although t.. i.or lit to 'i fao.u u. , hto.e.viy a'; a result of an ol :ill in Ptn,A,

submerged c.:-.l. ,-ffchoo ',wed r.(, " qr i ' ,-or 

01n tile c hf.l. haond , Le.' i .; (s T'o71fc? ti , or! :I:c i a sea! ed c.,iit ' to*incrs
crude olI or rn oil spill 2.tt,.r eInt .'trc ( 1'._)s 

1 y ' C LA. !dA, .'rS-y, di 'I Ayirn, rulptured
tissues '1.o noa] behal\'oU r. Ii c, erIn e t ';'re tes ij.-eOl particularly to prevent theescaipe of vocai].e -oripot:eir-rs of the ci:" 1 hit Jr most volatile coionents
of c radf Ci] arc 'ri=i ! tnce moan t ox i (Al 'n 1 I'v Pheirs t to e' apor Ie (I cyal
Commissi- , 1 /"04)-o I wcis.' r'o;l,, : r n'., t rr, i t -ouo ocrt urr anxriz:,j 
acara] oil : 11. 

Possibly of' ore';ign i *rrc.::ol reef comorec n th,:: r,.>- . P jif c a . 

growir.; (un roo f irts whicts i m i' zr- ."' t to the -r mo.piltretides arc thu ,.:pe-urrcn ts :rf ,oha'a at: low 'ate 'ri ..;r- u! .ki. (19',*' ' rinv r rptcies of -ora.!s. Theseauthors fourndrr th,: floati..', oit cr kill" c--,v t..... .f it ader',on_ to cci:xls xoor;ed to
air. Under th.:se ciicumstr, ti"r' j sao ered Ctr-, ii 1''
''- r'r- ' g cor..l:- such , . p l ofAcrooa ad :, ciil1;oJ.-, x. a; r uaird o .. othervrwee. ti:u )an,!, o' (A.A rtj adho:

Stronq.y to -or:,.., , r, 
 Z, tlv IL , i iw, 0 o.r I,'leeah,; i)o*1abundant rro,,:: , ;,d 'as o:.-ro rrm ,,.> . n- tr.7 orals we re ubrt-re., 

Rei.mer (1575) expooso aoral! lireo , tj '- i i t.. t: A l. Cl.r Shox- p'ri 0 a beforereturninq t co Lto :sea ho;(t! ,'bru-.it ii , ' ' ' ruaLo: a " ry oioti - ,. h ,!, lyefollowed b'r t L',,dc death ijO c,-,:c i nstncL-:I. i.ul 1. s -m 0!terat ion in feed' r. behaviour.
Growth rate way: ue Lt: 13 -,cr., 'ic outbzet9 r. l , alal (19767irkelanv
il Paial ove-w ed that, a]thcr P rpe"i,* r..f tit: ccr.: - .- i..... flcua a 'e pprn t]iunaffected thr a' aftcr sir-u t CX,.1ohln'.k '. oil Cor , '..5 , Irm ni growlh'or :3::1or s were nign fi-xitly :'rcY .,l'.r'than those ,:f ti! cct*,',.--S - ir.thi.e followi..g 61 day:;. 'C'.',
 
an indiviuua variation aon, coiondea 
 in 5u,'cepl 1bijity to u,i pollution at low level.be inferred frorm ti:f results, o tjntr . 1'rrrv i wa1.si" -. tO h.Wt a More dAma'jiseffect than volatile marine diesel oil u PC r w-' iur, . PccilCoj1ora ,amicorni:, Pavona 

aigantea' nocora etcI at. Usar" " the , th:r i }aker 2 oil secmed to promote the
 
growth of aj:ia.
 

Loya ( I tudlied corimini ty struct,re and specie.; diver-tJy of hermatypic corals on
two reef' Klat, t:"the '11f (A' :;j.at, <ud Sea, during 1969-73. tine of the -eef 
fiats waschronically p'11 'ied by i.] anml rieral., tht. other war; free from oil pollution and served as a c.ontro. in 1',70 app:cxir, xteIy 90% mortality of coals occurred in both reefs an aresul.t of an extremely low t ide. in 1973 t ,iere few signs o!' recolonization ini the
chronically 
 cdli ited reef h;i rxtensfve recoir-'t,;r at0,, -e.-tneration had occ1irrr!!d or,


'-v cor fro' o.f I t was s0aestel t-it ciiolric oil upij 1 prevent normal settleirnet and/'or deve]opment ;f coral ,arvae. Bir'kelfnd et a]. (1274i stite that the effect of oil
pollution on recruitment ir of jreatern irporton,:*e th-v the irrmediate 
 mortality caus,-d. 
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In view of these results it would seem wise to impose stringent controls designed to
 
prevent oil leak-Age at oil transfer and oil storage facilities in coralliierous areas.
 
egulations should also be gozctttd that would ensure th,±t adequrate precautions are taken,
 

to pr'event release of oil from d-rilli,2 rigs operaLing in these areas. In areas chronic. l~y
 
polluted witn otl where intermittezit accident!iL-ischx,: 0I nil from tanker loading faci
,iLies or shore--based ii:dU Lry is '!ikely to. wiiiuxw, ccsidurtion mi, ht be riven to the
 
containmu ent of nil by uirn- *lca1-Li: " o:. r >ooms, I. Ltr ,-Ie the bloai 
 nq ba'riers
 
shcu].d be ava.'Lable at. ;tr5tcqicj . . situated loOAiities -,2ori u.-se in thc corntainment of oil
 
spills. As suggested by lohazin l9/.5) con.,ider-,ation miiicu -,e wciven to eq.-ipping and
 
training mcbile teams who ,-. move- ,,;ickly 1. an 1 in area
; with oJ.! anywhxl! their 

c-f oper.ations. 'They could I e triin dO in the u-: .,f oil Oi'ofln5 or' dislersarnt!; ,as well
 
as cthe Contairnent of oil l , .
 

lVan'y biologists ould ,;ree with Joha'nne.: 75) rt dispersantsJi used in ,t;:e past to 
control oi :;pill s are somet'A"m-s more toxic timar the l ''hien they arf. used. information 
is required about the eff( ttr dispersant.s the biota c% recfs. As l.tteios,)f c-i: exa] :;tand,
 
it would preferable to brcai. up( o' I sliCz:L ) 'Luxtfried coral reefs with disappear rot or':, 
persats. However, if vind.s, curreits and :re ht ,ill driven corals.ide,; 1ur. cii Ibe onto 

that are partially expoqed to Itmoe str lepri-ea' low tic,., tnen olfarts should probably be
 

breah i'he ,it:. .1r :, ,t.
made to up oil C: absorh, ii ' 

4.8 li tin and N).c]en r ,on "-e. ,.in A, as'to 'orallif,::oi' 

-xplosives L..ro o'ter, ,ed . t: :,.InI e:, region.. to ;,-o'',, v iishes " Pacific 
(1honquillo, i 550; iuchs, . 5;. ('e,-he: , 19(' 1 . bwo,, ;.'t Ramas, 199; Owens, 1971; 
Joi.es et ai , 1"I.,. Lulof;,, !973; 1?. io''el , tu''i "' 5one tines the .apture of fishes 
by this method is nihly orrLarized. iPar(m; for tl described how blast 
fishermen 'n tne Philippin:! ,iro'rd si ,:ca e co-ral folilatio,!, wit"; urierwater -ights to 
attract fiskh,-s. :,hey also x L [,112.es i I .e -7011cteo .,reZ b), usi rig baits coi.sisting of 
pieces of .1 .h :%d r;ollusca e'ro,' 15." on r.ners each are10 h>I'. fish in area made 
and vhcn numbers at-: deew-d A,1O,,.tt,, dyniv,ire aced -tratej ii a]ly throuu'.out the area is 
exploded. 2crba diet-s a'e ue! :ollect t"e 1 i e.= liiled or st.iuned by the explosion 
but frequent], only "he Ir§;s:," ! ';' rre tri e'.'ed. '' i. Lornati.-n i:s avtilable Cn the 
extcnt 1o 'whicl; co "Ll .Eefl: have ;eo, ,i-~r.. e.'.t':,nr,'rcia] :: :hirg irvolving explosivefs 
btt iitc'rtaxni]oaiities dwm '', int]i, ny alrv,,dy h ,:oen ex'.enive.the r 

C,n Aus.tatia Great ',i xi-1Th "bang ti:k,2' ori.eor "pcwr-head,;" - spears
vith .3LJj c" gauJe. shc -- ,iridled tips in such a way thatbui lcts 1'2 r:aIrtIid, r at threir 
the charge is fired o% impact - have ben u-sed etsivo y to kii.l reef ;hariks and large 
fishes, such as -,ropelx'ru.icrop- naleol ,itO, 

a, .oe 
pirmacles that constitute n- vi .J ti,:!al , ar. Thus, Johanrxe~s (1975) ir et-kozied iow surplus 

c.xplo 1.'i , i,nc ,:ed hi .n1-'ri,' ' ,-ns'.'jh reefs or to remove! cura., 

c2cati the 
1973, wnd E,.de tn (;976) :.,!;tel .' -b t dr in 

U.S. navy bombs were used to e ,-'me! '.nrough reef at Kayaigei Atoll. Palau, in 
the ,7 'anting itn 'linq the 

avation }. ' er in 1 ,Jor,'i' ,. was ,xtensivef!xc: -,,' r 'p :Li..! ,.-ii, aI 1 land 67. ditpIj 
at both oa '.i )r' inr . ro nd ic-1.ands. 7ic orld I r.r n in tihe W,' P,:c'I'ic 
r+:gion wer'e 2astod with ni.;n ,;ive. .V:cc;rdi; to itn vr et al. (1 ,t slct, r:ilitaly 
bcmbardmen* a:.prof c(d.,nemay have Cau'.' t . ..... o.f ef'- in the i- Ie.F-nds 
toted by 1';.earns ( 9-5) 

Al I:hs)ucih, r £ ;,oinsrdu'7outttu , c ,', ( :i/q] , !he oxtent of the (en .tt n of habit. t 
by explosives irn .orall ree' cxn7:.:ties has nevr been ad.quately evalualse'l, it would appear 
tnat extens; .e damaige to habitat,l A redv,:.tor; ii n r~nbers of si t-attached fish could be 
caused by th. repeated List o u xpli',;ives. "JeILCe, it would seem wiFe to enact legislation 

!sigiied to pr,2!vent thn u ,e of eypi.osives in 1:ht: capture of reef fish. Lilewise, the vise
of exrlosives to focilitate nxciaviation in coralliferous aoe, should be restricted. 
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The types of anatomical danage apparent in fish 1:ilied by explosives has been sum..1 
rized by Ronquillo (1950) and it 
 should be possible to detect fish that have Leen captured
 
in this way. Lulofs (1973) has commented on the poFsibility of reducing the extent of
 
fishing by blasting ir, }ilaysia by introducing legislation 
which, as well aS prohibiting th
sale of blasted fish, cancels the licernces of those dualinq in blasted fish. Perhaps a.tcten
tion should be given to the: imposition of strin ,ent cuntnols on the s ]e of rxvlo,;ives. 

In Queensland, Australia, legislation s about to be enacted which will ban the use of
 
power-heads on spears by persons w arius/ng ba gear. Also, t use of power heads in asso
ciation with spear guns will be banned. In 
 ,effec, the use of' power-heads will be lawful
 
only if they on !pv.rc scua g),ar.
are used hand-held b- persn, rio. equi p, ed with 

Although the mechani"il da;rae inlict." on coral reef co;snnunities as -I -es lt of 
blast when nuclear 'weapons are !xploded in corallifer,.uis area!; is obviously extensive (uire,
1962; Stoddart, 19468; JohanneL, 1972), it is probab3e that, .-.,; pointed out -y Johariies (19?
the associated radioactive contar1i:-n of' fod h,rlos ha; a much greater .i,;nifi::ance (cr
survival. According to Johannes (197"), ,i nJ.le nucAear b at mnay rende r fish .nd, sh 11 [
tinsaleable for thcusand_; of' rekilo,,urcs. l iinforrai.!_ isUnfortuat.Ly, little n aa
lable on the ecological effects of radioactive cortul;inati n af tne environment of coral
 
reef conaunities but in view of the cootino'd use of coral ;i*;,,nds 
 for thc. ts:;'.ing of nuclea:. 
weapons thi!L aspect obviouJy reu-es urjert ,t 

t ertien. 

4.9 ColIection of Eleicnt of' !;tcf Cie?,t 

The hurm-i:. activity thic has o.robabl'i had the most dellastating and widesp:ead effect on
 
coral reef camrnuities is the ective irmoval of ele"!ynts of the fauna. Some species,
 
particularly fishes, rrllu!;-s, crabs, t ,i'd.iiie worms, have Leer collected for Food for 
centuries the.y irdiyen..; i r*. r.j island:; in ur all.iferous StAs. (1ther s;c ,especially mollu th-t terials lviedht, prd-.ce that could be as receptacle, or a; oriia
ments have al.o been collected by thes, poeties*. It aould appear that, in tho main, rerr,vi 
of these coral reef specics from any :articular aeasw.au on a ,'strLcted sca,.- tnd well wi:thin 
the replacement capability of thez co:ral reef comm'ontv, io.o.e-, in recent es; the tu,
ticn has chanced. Co;!.-!neia] fisserie.. have Leen el.ta'Ljisned n oralliferou! ai'eas. H'ost
 
of the earlier fisheries inr.olved tld cIlecti n by diver:: of elements of the faun..
 
The trepaqmq or htche-de-irer fishC': r i !IV;Ivcd I!.e- Cu]fectio. .! ':aious species of holo"huii': 
which, after treatmrent, provided t'),k ,'s 'oup: sts a'd 'Surrij's 'h',t were much fa.'ouzd 
by The ehe riardiug " .,,volved 
collection oF' species of Firf:tada, :ie of which 

some *Asian pcoples. [-earl 1 ara! inl'ust, initi-illy the h~ovl 
W're round or cor-1 ref ;. Tiz trochus 

shell, Trochus niloticus, was much 5o;u'.j t ifter or, cor1l rt(fs in the Indo-t'est .acific 
before the large-scale introduction o! plastic buttons causecl a collapse of the market for 
trochus during the I1)50,; Giant clam:, , rti.cr!.rr 'ridacna maxima and T. deras.e have for 
long been collected fror ree s. ,owr. iV wanect clam fishermen still make jounieys from 
Taiwan to reefs of the Great Darriu!r Reef and to reefs in the Coral Sea i7, crder to collect 
giant clams. What effects, if ay, t1,, 5,:e-Acae -covalf.rom reefs oF' oroturiarF, pe I 
shell, trochus and gixi:t clams, all of 4hich ,,cr s:ah ouo ,'-as hid on the c;ral reef 
community is not knr.'n but warr,- ts ;tuv. 

In more recent t i Specias which occupy Jiey •p)si tion in food web-: have been coIezt 
intensively. Thus, the jit 'odaCti s of c-,- f-cj.ntained uer-iter breathlnq 'r tus, spar 
guns (sse with explo ;iv he ,ls) an. !,ic ,'ivert of hi :rc-powere1 outboard mnt n.c', Fr -fl 
craft have lrc to a specta oar in Vse rntraenubers ind -a:'iety of coral reef fif;.es
captured for food in some -sreas. For rxamie or, some acPss bl. reefs of thc (re-t 73azrie: 
Reef, there is- a dearth rf cizreable fishes, p,::r Licular1nrv terr.itorial fishes. Thoi j_ fishes 
that are appare2nt azrt timid and flee readily f o;r i-ers. ::kco, ding to h an',a t (1969) t' i, 
behaviour pattern indicate:: that the fishe-; hnvc. Decr, -:ubicct to spear fishink. in -com 
cases, it is Lo-owi tha.t the reefs had Lsn v;;i ed by so--cal ed "spearoes" who move syst(!
matically over the reef. ' )earing as they ro e. 1'is. cai-ht or\! filleted an,'. tho fillets 
are sold through comT.e:x-cial otlets as T;:ixed fillets of ree.f fish. Sh-ks attraeted by
the spearing of fish ar-a quickly lsV;tched by the use of "power-heads" - !)pears carryingi 
explosive devices.
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One of the largest fishes fou:id on reefs of the Grat Barrier Reef is the groper,P lq.ceoj. tus. In 1974, 11 reefs in the central region ot' the Great Barrier Reef 
cre searched for specimen, of P._ O°.tu . A total (4 on]'y 5 specimenf., the largest

t_,timav-ted tc weigh about 150 k', W Te observed ( ',,m..,1976). The nominal poulation density of P. lanceolatus on reef's is it kno=, buL on protect.dr,,,cf' , or reefs th;it -re

rel-atively inc:1 ssiblc he,::,use of' thii,.i 
 d , n-' ,r r. coasqta I ,. q r,pe. -:r'i cr-monly
 
c.;cour.tered,
 

Possibly, 'iearing par;) s :,v' bres re :onibl e f .e , 't'oce of' .1*u;e prcd:itory
fishes fro;n reefs- ill the V''izcr'n inlian Ocecni Mir.;ted hy .rA n and Frziur in 1573. 
Sharks (C.ir,'harhinidac) and ,;err,. (Lerriridae) "nra frc.quently :,bsent trom the reefs
 
yet in hi ori times timse :.eef"t 'rre 
 kl i, n '- C " -t '-,cl~s of such ishe. 

The implications foru te crorai :ef connnity o( thu .eective removal. of iare preda
tory fishes, particularly those occwiyniz; ky posilco, in foot iebs can only be 1piessed at.

hile gropeLr, Prciicrrops l.M . On jL0% ,V-.n of the cor-i-eating
crov.n-of-thorns starfish, Ac-.it i7' -e1 . (iEn'Jea and ;,b] us, 1975) and i-:noval of 
groper by humans Iron cer n reei ,iy have mi a factor 1i7 trig.,rin q populatJorl ex
plosions of the starfish.
 

When cleaner fish (Lri OrC l,.c'),ed ireno.m'.)_e.s , 'iramn.[tic ch:.rges in the dis
•ribu:ion of other fishe' ''i''' I s,buqh , ,'"i .Jobodkiri v-id1974).,n] Pi'helson, In recentyear!, a flourishing trade 2.r iquariuri fihes from coral reefv; ha:v developed and in some
 
areas reefs are rapidly bein, del,]'ted of fa'iur; Cle-:e; Which remove
fishes. fishesFarasites frwi fin:;Iei, .

by enthusiasts.
 

other cori,]. roe' a o,,jnq the nquawinn fishes e-icr?! sought a.iter 

ince "d.rid 'ar I gre.'t: OLner -t ha, *'.i 'o'. .i. 'i,e cnc,_ .:_' on f 10 Fhel .,5 of
MoIluscs by healers thro-lt chlul ti-.e .,or]c1. o(ucLre cc t'oz andif gral variety colour
e;.Ihibited, sh-ll:; frcs coral reef nI]luscs v.'i-era- have been eagerly ::.'trr.t byc-ollecters; eind those of man-,'; ,cie'; now"'i'd hi 'ih pri'.as. huvever , tYIts oi lar,..
coral reef ia,;tropods such %I ti'- ( ,," tgtcnt is;; aets -a- and,"crr.u'a),
qiant triton: (Uhare;:ia i umtritis L'' be"!: , ,r r targ t of c,iIlector'. f'u£.'rsurlttesly,
quantitative l;toti the e tm? co ' tkmi jc-ies ha'e he:; colleted tiu :LqLC!.t their
 
ranr.e a!: not avcailable. in 'rri'wr eN n r' '. 
 Mh hs -,: an" ubviuw: roe 'cti in lthe numbers Ai' ji ,nt Le' n . )ur ' hh,:s j; e.', > 7wi i. ri. ui . ore co;,monly
t~ncount.,,d i % " . r ,'s ',: r-', T s ' 1.-.,'1- u' '' ,w -!. , ,s :;, iii I5ereobvi,)ous

i X1,-evt to ; i ed C '._ (nn. 3;: ir.g ih"i ' !, e, w;a:'- t ac n" c t . in nu.bers
Of C. Co' iut Woinv'ed" and in t- .nus to PCa's u ,: ' iazril _n mcsit sf-5'toli
of the Great ncri -. . there',' to hove Icn., an o:viW-u 'jKawi-. u r duction in therissbcor of Chanr.i ia tritionis .e a A A= nc,; '"ref; ,if tn at Ge 'irlaCi~ ReNct since 
,.e i950 . Endear (65, i. 1,",'( h1u ph', vi y. Af O'',, "hi'.ch ';'.do,-s th t :i sfspacimen'; of C. tritoni :' s. cc i],_',':tehthe 110;9s .!,' the cews oz tr--,i -s luggers 

operating ii. Larrces Irest1 cc '.'.-'a r,. 

Auain it Ai not jow'n ;'r.cc , ;y vheu. efect!, ]CI 'tive re,.Ja C larfI ! p:',"'atory
gasropods such ais baler;, iut 'c 1n';n, . ind qji,.t trits would nave on thu tructur-. cfcoral reef corauunities. Hc'.'evr, the results; q:ould h eat' arenling. ihe qiant helmets anid
giant tritons are speciais- carrdvo.es, the ,;iant helmets preying on echirncic,: and thegiant tritons preying on sta,.fish a ,d noil;,thur.-'ris. it I.<; .'xiewn that the gialit triton will 
prey on juvenl, and adult oecimenw (.1 she cr'o'1n1ti.--tnOhs ctrfiah, Acaxtha ter £ anci,
and it has been proposed (Er.dea, 1'; Endex~i W-d Stabims, 1975) thMt rmnv0 ,l of giant
tritons from certain reefs by humv; could have ben, a major M''stor ii trigqering population 
epiocions of Ai11.plai. 
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Likewise, ?Win (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 (sea otters and lobsters,) by hunlos It would sec:m wise to restrict or 
regulate in some way the activities of collectors oF elements of the coral reef biota. in 
cases where the over-collecti. - of key ;pecie, is involved, it ,ill be nece sa!.y to prohibit 
the collecting arid/or saae of oe z: ,p.c,-. .us, in Fiji and in Uennsi ,ad, Australia, 
the collecting of '!ian tr to:., , Charoniii Irit.ini:, -l-oln COr .l. i5i'-; completely bau','ed. 
The collecticn of giant ,l.s (,_i acna ss ) 2 the q ,u.t htr,: t, Cis,.s conua, is also 
banned in Que.n:land. In ot:her c ioesr.e mtay .e nociss,:',y to licence collect-r,( ; so that 
their activitie,. can bte controlied. I'o' e..:,dnr]f, in ri:uQ,-Yland th< collectjorn of coral 
from reefs of the Grcat Barrier e: i'.;,rohitltea ht I rest 'ct..d 1u;:bar oe !iceni:es art 
issued permitting the licen-e, .o cI, ect ucova, .: i '.'i Po,' 

Ancther approach is'1o 1-ohibit the use ot a p ruticuI-Ar tecr.ique in the collection C£f 
reef orqanismn.. In .1 1iSlatiou1 hni-. JUSt be,!n i troduiad which will. prohibitCnQeen:;,u 't 
the spearing of' fish by itaon.'ingr :cuba . the.the ii V of powe.--ne-11,T in asso
ciation with r jir ,,il ne t n,.! -:i run,- l. b l ulPdr h:. 0,11 iat(' 

In ord r I e g - ati of the Li co -. o jt t be)rFi 1 ,yj 1 cd bov I be ei fective mus 

enforced. v)e0Jra1:]y, 'pub!iWct'oo cr i ox ho. , te -oli-iht 1y explainirig the need for
 
the legislatione t- ;.c' ,ide,;peoa. .'uhlit. iAfoX:emetit will involve the
and gjvirg :fetr 
use of fisherie-. officcrrs rn'cro with id"4 to.irh boats interrogate,owerl and 
visitors to rof,.. ',xrci LII in from it"'crc nati ,hc,'ci]vei ,.:h.ng eefs may be 
necessary to o,;e i coa;t- -r 'o'"'e ,,r ,.2 r r,.is;, 

4 .lU c'u.:A, a _ 

Aca .i:.;1 a 1.i- , - 'e 1-'"i * .i ".!,nd o., .;o.l rcef: i,.th.e ndo-

West Pacific r7eliol: ,,: d ,',0, t' i , . . r it.:pzir,:pa prey. t dliket ts 
their Flesh !,it 'i.oves th... etc '' to Oolr-,!)UZ(.o.-t.nsen, 1931; Cox vi, 1964) 
Normal Pt2 ti,; A. :n Pacific &re orderspecimenspopulatJrper dn':nof of p'.an.4 i.... -Wet ,'-e of' the of 6recti .e'zi '174 " "• o --

pccin per012 reli (V,./.ear, "1974). L}.soc'-n eats ZJo': 11 r) (Miat p, jection) 
of coral [er yeFa-. Thus, ',Lenr [re ant at uew-.,..,,Itroo: ,I,,e t , A. " x.ci -juses 
negligible darn.:q to theO}:-, :.:'i c ",. of , l.. -,e !J 't i.... , 1 . 

uring fhe a';t 1Z:-. " : '- ', h7''?redL o iniiv; al. 

have been roported from reefls in ex' ,r'o-avrt. he T ,;c. S ofcii region: (i' ndeoxn and 
Cheshe i On re.,n1r.....'. -rt,,; ti;opt: ¢'"'.' :ct iur of the 'L rd coral cc.V',, s t(mrri1gCr 
from the feeding activities ol the ar "i"; h-: e. reported (Feirsor and Endear, 1569: 
Endean and Stablum, 1973; Ni-shihira and Ya..:a to, 1 ,'). In ;cmu 'cse!; the bulk of the 
hard coral cover of entire reers ji. ic- .ro"CCk. 'there tl-el OCCUrs ,1£'.tCh fTroh 
a coral- dominated to an. al i.oo-domin.ited (:o;, rik,izv. This -. hit': associate'! with, ;n 
obvious reduction in spec'es dicersity ,ind thic -ef :we; a dl:'.Ib Whencs app-arar:;:e, present 
in large herds which mi-i;at. over . r'tef , atult .el i__an.: can ),1' the bull: of the hard 
coral cover of a reef ,t a Log]y rapid r,-;.,ive ,ol t.-'.nchi-i coralsr:riri,; r-ite, ,. as 
being affccted. 

Available dais indicate t:at r;o-t re',:fs i: t..' t'tird of the Gx'. Blarr'ier Reef 
be tween lat. 1 an 1 t. OS havehhoer nt(--tel, ti. pl,nci iiurino the !i t decade 
and many reeJo's Jn Lhe zouthe ncer't third are ecw under attack :',, large nunb' r; of A. £lT1ncr 
A massive dist:%ictaon of' k-oral has occ 1U7rremn)y o' tlhe reefs. fhe time reo Lnfested 
quired for the destruction oC the hard coral pover of ,-fs averaging about w km-) in flat 
projection that ore heavily Jnf'cted with A. pbaxici is ajlP1o'ximhtely 2.5 yeirr (End,!an and 
Stabltwx, 1975).
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The causes of the A. 
anci infestatins are not known. Some workers believe that the
ja.i infestations are normal phenomena (Weber and Woodhead, 1970; Vine, 1970; Walsh etal., 1971; Dana et a., 1972; Frankel, 1975), others that theyman induced are unique phenomena, probaly(Endean, 1969; Chesher,
It is the writer's opinion 

is*9, -99a; Randall, 1972; Endean ard Stahlurn, 1975).that thie infe stajtions have bee&n triggered by tht fxtensiveion by hiurxs collectof molluacan and piscine predators of" juvenile ,nid small adult
certain accessible reefs. A. planci on
Sui:J a release of predator pressure would allow populations ofA. planci on th':5c reefs to increase dramatically. Subsequen:tly, other reefs wouldbecome infested hLveas a re:m3it o.c' adult starfish migrating froze 
oi 

reefs after devastatingbult of the hard coral Gveias thea result of invasiou by current-borne larvae orijinating
at the reefs first infeste". 

The da,,mage already inflicted on reefs in some areas i'cn as the C''l.at 13rrier Peefarea has been so severe that it is the writer's opinion th , ir;-espectiv,? (ithe infestations, attempt, should be t'e origin ofmile to ,o.untrol thtn. Minual. coliection of A. plancias has beern carried out suc:cessflully a i a a Fi i e-t ri -ia,at Okirxiwi, ,'i Ji WC:ern T ,,.. , etc.,Sjnoa, T. e orinjection of specimenr. with fu:.'-alin ,or araiion.ia as has been .ised succezsfuily by Acanthastercontrol teams in Hawaii and the U.S. Central Pz:tit'i rus. '-,rritorv could be employed in
control atter.ppts.
 

There is ai urgent riced for international -.-.ctiof to assess the Maqnritude of the A.i problem throughouL the: indo--West Yac iPc region an to coordinate laroe-scale controlmeasures if these are in?,red warrinted. 

,4.11 te 

It is possible thz1t the .,t ,- marinei-A l.tod'ctjo. ::pec.cs to a cora~l;..eruus region fromWhich the SpCcles has beiPr .evp '1y (:Y:uded may have profou;dc,,ixmrity. Certainly, t!- .i' ,;,ttig 
effectt on the coral reefccoica! ci: turb.-wes caused by lporting alienterrestrial species to Au:,tr:;1,.. are W012. kj,n,, lrnioduccicnc, ofreef comnTuNtic have been noted by) Doty 

alien spccie into coral1 9,-, and1973) .;ilber: ( 962) but olthers:,ve occ1,vred "91 one UXnaOLiced to-date. mayIt has beer; sho-n that tile ztrfi Acn thasterp3::czi,, eat Cariabean ....-41 and th-!rn his been specu'lation about tine fate of CaribEcorals if t11. Pacific xcl Atla:.c Oceani ,f'.re inke with a sea-level canal across Panama
(Thomas, 19VCi; 1o, 1972). 

4.1,2 'iouri,:,t
 

The phenomenal increase in tourist 
establishmentn in coralliferous seasoccurred that hasin recent years is apparent to anyone who has travelled through these areas. Theconstruction of new tourist e,:-crts and the e::pa.,si , of existingcontinue xi;d these wil3 ones ,,,;i obviouslyring with them problems relatin., to pollution in various forns.They vi!). provide access to coral =r.elfs for increasing numbers o(' tourists.tourists themselves inilict on rcf!s The dam.ageby .-.1king ecros: reef flats, shashing corals, collecting molluscs and fish, overturia'., coral houlder:,! tc., can only be guec;:ed at but wherenarrow fringing reefs a:ii invol!',,d the dL,:w,,,, e r: is(, substantial.
 

The control of pollation in all 
 it: :'r.us in coralliferous areas will requireexpenditure of considerable sumso i orey. 
the 

1,w;m j those who will benefit most from thecontrol of pollution ave touri ts and it wo:uld secm reasonableestablish:;ments co recoup irom touristsome Of tire m;ney expe.nued Gn pollution control. If' adequate tourist facilitie-, wecre provided iii corAliferous ,ura, tt would seem ineL-vraole that these areaswhich constitute a signi!'icavx: :,,t uf the cr ii' few r'm:ininq wilderre.;s areas wi~lfigure pror'irently amx.nt, the +cori,1' 'L,':ai t(curi: t ,tticctions. In timebccor-cse racjor earners of for'i/r: they could ex ,n,e, ',Jth respect to the developmentcoralliferous of tourism inarea- special a+cntior. :-:ou2d be qiven t, aking the devei(oment of tourismcompatible with the conserv'a .ion of the biot:i of c,.,J r,,,s. The sits (1f, n'w tourist 
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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 establishinents should be al.lowed to attain and of the number of such 

establishmentE that shoucd be permitted i'i a particular area, Visits to certain islands 

during the nesting season- of bir.Ls Vd Lir ':les should be prohibited. 

5. 	 D1, E'TON OF ANTt1,'..IID 2', -ZE) WOL MVAINE NATIONAL 
PARI'S MD ],ADflL,,C.D: 1 C Ii CU.AA,,F'VRCUS3IEAMCit AREAS 

5.1 Detection o± Pollutiorn 

With respect to the detecti on of pc. tton ir coral ree? ecusystero, the inadequacy 
of water colunnx tudii :; e: enjo, 'e b' . h nt:': (11-c', . ie state ,.i;e 46) thait 
"the continuous ror'oval r~plac I'IfOnd',';!I C!' -d its contents due to tidal flush.ing, 
and the high repr.,odctt:.,1'ate, nf plan.ltonri organism,;. !,,he! -jte- - quaiit! ar. inadequate 

coasts ' tlerA' It in.- say to ex 'iu- the C:oraljindicator" of ollutioii :r.iIlc.J 

reef coMrMU1ric':' its3.. vit",c t, r" 3 u3l r cv 075 Ahould be :.le of c,.r. r'ee' communi ties,
 

particular1,' i a (.'11i1 1 ,r'o o. po)i,u In ,r astec,r.
te. y 11t1;,:ertre,; .,umm ation o' to t 
significant chianjer. in cu,..:2'ity strurture -. at ,ugihr srtlr :.,of pollution in ml'. fo.m. 
It wi iot cour'e L,: nece,:'f to e .&, lin, K, f I c :oril reef .. ,".r. tteC in 
different g vjraphi~;2 fr1 1c ii to !etection ofarea:.. lvttenton au fart-liven tne,* 

c , -;I -. a" A horalien spe::ier L, t ::.': c s'.<. , over rc.:c ';. c , .. :hl woui,1 be 

to use specifiz inolal:: c).Na!i'.:,;cf CII iutioon. T!ie off benthic nr/,c2)-rmnisms 

foraminifnr. ,; :r.'.d oras efor l. i-assav ,o .-'A .ee li';:us., by Joir.nr.n f I 

1i-ri 'iNatiun:at5.2 l :e ?a 

It would s5em toc. create marine n , cnal t; niracing groups of coral ree~s in 
different geojraphical :.reas. Collectin; of any eement of vhe biota of these refs should 

be corplertly banned. Th,: ree.i's would tbhm 'rovidfe control ituations where relationships 

among seez; undisturbel by ilZmians could be studied. in -,his way, blseiine data for coral 
reef comxmi.ities in partic.uoar geographical areas could 1,e obtained. When ntow marine 

national parks are b-i-ny ciru o, consideration should be ;iven to the inclusion of a 

variety of reef types. 

5.3 Research Szat'3', 

Wher-'er possible, :;arh stations should be ::stabli- hcd in association vith marine 
national parks in coralijferous areas. The fauma and flora of ctral reefs are imperfectly 
known and a rre.it d, of t,,!sic taxonomic .esearch will be required to remedy this un

fortunate state of J.u-'rz, 

6. DLSTR.L '14 AND RECOVERY C;' G;(iLAL RFF COMMUITIES 

Theoretica azpecs.s 'lating to t:lh recovery of coral reefs devastated by cata'trophic 
events have beeii discu;ssfd by flndean (1971, i976). Recovery depends basically on the 
continued growth %nd re.:',doc',;r of .ur-.,i.,ing cora- -.olonies and the r-colo :ization of 

devastated area., by coralJ pl;inulae , fli: the plaikton. Complete willFrom 	 recovery 
involve the ret,.irn of those sp-cies ty-pically associated with corals and forming part of 
the coral rerJf corisaainity in the parti:.lar geoqrai}hical region concerned and the re-

establishment of tie complex reiatio-it.ips normally existivj arz.':.g these species. A dis
t'inct progr<:,ojion of species with pic r des re-ng supplantfd by later colonists co-il. 

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 catastiztphic event. IE fzw coral colonies 
have survived and if recoloni-ing planulae have to be carried over long distances then 
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recolonization may be long delayed. On the ot);cr hand, if destruction of coral colonies is 
localized or patchy and ntunerous colonies iea, iln undav.aged then recolonization could be 
relatively rapid. Recovery rmall-scaa (..Otv'Ct1on naturalfromi locaized caused by events 
usually requilut less th,,n -en yeiars prxtir:j thAL major s,.:t ;. of the coirJmnity remain 
virtually intact and the ar.a in-.lved is not marginaL lo.- c'i tl growth or subjected to 
po.lution. Periods of tire ranging f rom, ',', to 2,) ycaru art! ,nquired for full recovery of 
affected reof areas rolic\'i::; heacy dest:t:c:tin caL3ed l;" rcturl events (Endean, 1976). 
If destructior caused by the niturla event nM2,5btetr especially severe, several deades might 
be required for complete recovery. InOeed, Stoddart (1974) uggested that, in the case 
of damage cEaused by tropical ston is, the- is a Th-shuid c danu,qe beyond which the effects 
of the damage may be prouonjed, 

As ncted by Endean (i 976) thtz arr indications that when human activities are respon
sible for coral destr.ction, lack of recovery may prove to be common. In some cases, the 
activities responsible have rendered the area inv]voed unsuitable for coral growth. Des
truction of the coral reefs in the lagoon at Pa}l.myra island and their subsequent replacement 
by algal comu;cni.ties (Dawson, 1959) as a r. sult of the erection of causeways which interfered 
with water circulation in the lagoon provides a classic eaample of the way humaons can destroy 
coral reefs.
 

Recovery of reefP after devastation by Acanthaster lan.ci has been studied and it may 
be instructive to examine the seq-ience of events that has occurred on these reefs. In the 
case of reefs of the Great Barrier Reef it was Coun that within -3 weeks the exposed 
skel.erois of corals killed by the starfish 1-hjan to acquire an algal coatinj that subse
quently thickenedanddarkened (Encean Fnd ";tabblym, 1973a). rririn this period there was 
an obvious b:eakdovin of typical coral. reef t.r;mmiu.ity structur , cral-associated ani:,Y.s
b ,iztliarticularly aFfebt,', ny the chante 'r n a cV-as--do::rnz tel to an ai7 o-,orinuted 

comru. i ty. 

'ithin a few mnths -0 ter z reef hal b-ee!n Ievastated by A. ,jianciztn o.vious increase 
in the Ecv:yonaiian cover, particularly in lagoons and bac*,- reT " a' c:urrvd. Fr-quently 
these soft corals grw over the !Vu).etons of cora,ls killed bv tihe starfish. In some 
reg3.cns s.talied algae (e.g, Turbinaria sp.) p ~oliferted and .:overed cor-L ;Velntons. In 

of v:iral'; ofother case:s the skeletons branchirn! froq nted amd formed piles rubble. The 
rubble acciutrlate-l in laqo:ns b,'ck -ale;s, a',:rnd base:, of coraland reef slpecially the 
pinnacles. 

Within 3-1l years aftr devastation of a ieatf by At . pQanci, the iirst coril recolonizers 
were noted. Well known opportunistic species such as Po-2J:2lorp d.micor.ris, Sep-iatopory 
hystriy, Stylophora _istilata and AcLiopora hvacinthus wre among the first corals to settle. 
Endean and Stablum (1973-a) not ed an- apparer reliatonhin betwfeen the rate of recovery of 
an area of reef and the extent of coral des;truction it, he arec' caused by the starfish ini
tially, the greiater the initia- destrction the t).ower the: rocr-ocry. 

Figures for tihe coral cover of nvuiereus rcefs devastted by A. 21anci severa2. years 
after the dr;atation had occurred have betn presented by Endean arid Stablun (i973, 1973a), 
Endean (1974) and Pearson (t.) In, Eaw regiorim , us;ually neor patches of corals that had 
suvilled the A. laci attacks, coral rejrowth had been .imp-ressive, parricularly where fast
growing tabular colonier, of Acropora h-'achinthu, were Well ivpre,;ented anm.ng the recolonizers. 
However, on many reefs recolonization had bep-n surprisilgly :iow amid in 1Nny situations, 
particularly in back reef arens, was regligible 6-10 years &fterdestruction of corals by A:. 
£I? had occurred. It has been estimated (Endean,., 19VJ, !9'/K) that a period in excess of 
20 years and possibly periods ranging from ;,C to 40 yeArs would b1e required for complete 
recovery (including restoration of typical .pecies dl'vez ity) oc reefs of the Great Barrier 
Reef devatated by A. iL cd. I weve. the facvtors tnat have Li'iger d the A. planci 
infeatations may still be operative and the l'ossibjlity raiuL be entertained that affected 
reefs will be reinvaded by A. Lanci durin; the cuAj-se o re(:olonizati;n by hard corals. 
Should this happen, then affected reefs mi.ght be impoverished indefinitely. 
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exntfne the ecological and econorLic consequCelce; of theIt may also be instructive to 
coral reefs hy A. planci. The iong-terin ecological consequence; of the

destruction of 
the bulk of the hard 	coral co,,-, of reefs in the central region Qf the Great 

destruction of 
Barrier Reef that has already occurred , onif be guessed at. The reef! oF the Great 

and sajor distrban1cezs in one
Barrier Reef can be regarded asi constif.ting an :cosystem 

may elapse before 
part of the system inevitab'y offect ot:ir' paxc.s. Hlowev,:r, several years 

such effects manifest themselves. 

Naturally, tourists, pl rticAliarly underi'tr c-i n.'.i.-sts and reelf fot,,ickers, are 

appalled by the appearance of reefs devastated by the crwn-of-thorns st,3rfish. However, 

only ree-f areas in the immt-cdiate vicinity
most tourists to the 	 Great Datrier Peef area visit 

situated ,-n the Great
of tourist resorts. 	 To-daite, only one tourist resort, G-een Island, 

has been affected by an inte-,Iationi of crown-of-thorns starfish.Barrier Reef proper, 

Daring the starfish infestation the nn. of the res;ort too): masus to zontrol the
 

area of the r--ef flat visitedbeinf rollecteci Fro one sm-illinfestations, 7 000 starfish 
M:t ayrrnt

by glass-bottomed boats (Bare,;, 1 - When such cc.trol measures faile'!, tile 

appealed to the u:ensia.rAd govermitmt. for assistance. gibsecjuertl to the Cr en Island 
-


sLir fi!n tioon e nu bee, highlioh:,ed btcaU,' ;
irLfestation, the effeCtU; Ihthe de; re .t 

.
of the possibili.y of ui a'Jer:,e .E oilt(nth', touri 

r oi Liv no coraas of ei aol thvn-ce
TheCrcrowI-)-t,.Or5s ,o.I,-i i il ,,nll .,v'; 


, the con- '.)I . '
 is no i ikeli oo. t'it 1I .: ... 
2 

o1 f li'' . coj-s. .:,,;ever, esi.:/ctioni of tht. nard
awday as a rexl,' m he u trueti 

; ,l,'1 - l i Aei .- fect drainage patteriis in
corals and ri-,o n .o. s:r. . '', 

Cin rte ( -,t.,r2 a.t or i n '. ,-atte'n "ould ,,.'' ,l i *:y, i.- T ' 	 ; affct tshallow wat'r 
t 


: ' :n ... 	. ,rs-..... , w'here tO reet wo!s.
of co -_',. It ma-." . " . .- IS..VLi1 

- ey (r ided.* 	 ev,'r raje poSsi-t. '- .), c indevastated hby A. t-.lac', 

q' ' , n -I, ti.' " ', .e', ,'I . a r u t '.f the A.r. 	 .]
bilitr that 


planci inft!.t1ati0nr ; ,n n i e:ti!a jii.
 

Who i. tie'hv' 	A. f i_ v; ccri.urnted orn the- ef ctMH'ny wo'ker. 
. -

co', of reef o'. he -;lent fish --vma of th! reef.
of the destrmion of tf.e ht:'d cp 

.sseiated fish dis.appears
There is 'enoei a.rceent t, u i ,:bl ti Fr' 

b,,en i , iiht be ce: i.,fedthat
after the buiY of the liard :c,- . 

' .,ct , (;'I 	 " C:r A<i:a "iac' :A ;:) from deva
the disapp:.-r,:-o" of 	 prim- !' I 

in coore' .a .'' - e i-n,.'1 on the co,,L cf tropical
stated refs would be rtfbztrd 

e- sh 	 Fi ancial
Queensland. bot- on 	weights !-. r.felent - 3''e'iICreceie, ear 

Doard 1:.:. ,-i :.>rent I') Ls alois] h'IfQueensland 
year (list lulv to 30 Jur.-) tL Fi h 


1'.9. - .. vilabic. tie
97 Ire Ik from ,-ual Repoi t5 o! tihe 
coast for th: finar.cial y-ears 

numsrcof' £arrir Pe-f fi;:iinq boats r 3yiS- tredland Fish oiau'l3-. InForm ition ,i tI -r 	 at 

53, inlu _ .	 nrad availie L the Fisher
these ports for the 	 -la yeaI' 
Section of the Queensiaod L'.-;r.tmcn t Alo-i,;i -nt Advancemtent xid F;_he ie .7of -it Air~lers 

data on weights of coral trout receiveast diQlfero-: iO-enslind ports :,il kiat .,n l; hi.i
The 

t .ttnit:an be seen ) ti. -,
boats regisrered at ths;, puft:, .3:0 lo0e'd inlijur: I 


there has been a steady inlco.nale 111 tihe nxu:/:er of fishioc boats:'ejitterl at " port
.c oursci;n 

number h-S more than dout.1'zd. 11owrvr,the period 1*4-1973. In most cs ieC or'i;inal 
ti'.ti 

.. v., a, r.ic: ct, ,. tn tiie eXC:o iiun of 
the weights of coral 	 trout rec 

th: e:'iod is. at the 	bei:iinq de,; ite
period 19.,3-1 9']5 were much the s 'o as t , co o 


increase in fishinq c fort aS indicated i',' t'eJ!inifl"P
io: ease in "X boatsthe apparent 

catches o .orAl trout received at the Mackay Fish Roard
registered. On t'e other, hand, 

r-e .l ri.g the """ l'. c'-,:;so; for this rise are be-nc evaluat,.d
have shown a phenomenal. 

of'r.., whichn lutil 1973 were v.rtuajlyHowever, preliiinary enquiries sLg;qe:At it :<-f: 
,.,r,1 of the bIr.1t; retjister-ed at other Queens) ~n~sfree of starfish damage have been ,.'ori(' 

off ti- home ports ,f l',I,, boat. ,,re Ieva-,tated by A. r,±anci during the 
ports because ree±'s 

mid and late 1960s and have sitic, a ', r.i -S1., fish.
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Figure I. Craph showing ,eiht in thou,,ndfi of I ilogrs) of coral trout
nculatum) re:e ived by Fi*.:n oard; at various QoueensIand localities for thefinancial years 16I3-1975 inclusi,/, -nd :;raph sho .l'ing number of reef fishingboats registered in ports i-ndicated for *,he caliend ir years 1964-1973 inclusive 

If all fornns of hum.:n activity that caru-: Si-n.jficant d unage to, netu',1a Ccosystems beregarded as POllutiol then coral r'CCos',cms throu4h91t he.world c-:r- leing subjectedto various types of pollut io. Tse types Jnr.iu1,. unp!i.anned a I'ulture aod defor-stationnear ,horelines; that lead "to Inciea!so. iresh'.,'ter rtun-o.f and nediment deponsiion in coralliferouw areas; fining aztivities that catu_:¢ direct dalnage to the biota of reef_<++; dre.dgingand filling activities that 4damage :he biota directly or, indin ,cty; the re.ease intowaters bathing coral reefs of toxic ,;i staritceL sch 1s J:il strial wastes containingj hoavymetals; the indiscriminate uso i: cora]2Ij'erou, sreas of man-mide organic compounds suchas persist.nt -de deteljents;-. . . ,- the ,lischsrgje of... .... oil, the de
and/or highly saline effluent'. an., 

. .d.. th. e i-.sc h a r q (!:-o f he a t e the di:charc N: ew+,jl; into these areas; the blastingof coral reefs with corivention, expJosives; the testin9 of :nuclIar weapon_: ir corzilliferrus 
areas; the introduction of alien teciesso Lhe3e aireaS; the OYCOsive collectinq by humansof particular elements of the coral reef biota and the presence on reefs of large numbersof people (tourism) some of whom caue mch-ic: d,,.mage to eemints of biota.the Instances 
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of the adverse effects on reef conmmunities produced by each type of pollution are avail tirl. 

but the precise extent to which reef conumonities in any geographical area have already I.,-
affected by any form of pollution is unk-nown. However, because of marked increases in hi 
populations and in industrial activity no, occI'rin. in most coralliferous arear, it can ' 
expected that most forms of pollution in t.ioe areas ar,, increasing rapidly. In the rz)-s 
distant fut,-re the eI'fect, of thji. n,:ietd pollution could well be d.vstatin'. 

bi1own 0;phi.,c:t' hundi cJ5It is thot ,dtas t c:" o c' tii.h rd coral cover of of ien; 
throughout thfl lndo-lwe: t Pacific r.giol av; a iesiult: .)i eop uiotion e;xploi, ns of the cort. 

eating starfish Actmthaster p1 a;ci : i'rled do." n54 the past tventy-.five ylars and pur 
cularly during the last derade. Tnere rco ,,enS :.t.asons For beievini 'A'at th(. ,. £.... 

ar,rt humanspopulatioy, exloslor are mar,-i,,ld.] -;tCrn f r,n the excessive cr.llc-'tinrl by ox' 
natural predators o t. p! on,:i. 1 thi,, s . ten c'isex.lltin; cf elemcitts of the 
biota by hui.ns rmay be the w, rl* ri ,t) form o" pc;] .it ion current-ly cc'trrin, on .or
reefs. Fa thi , s " t ,r,.' the 'e i , , -- , ,cus I.: for re1iable ii fo rtic, n or the pro.:-:r 
condition cf coa! reor .:umrrrrit'e' in t-ch of' the :najr geographica giccs where coral 
reefs occur anid on the rel.,-tive :uc'taw< of cu, mAjor form of pollution in each area. 
Analysis o1 this inforrati~on Fhould iroidta ia indic-tion of the extent tc which reef 
communities have a3-renady be,n a'ecI.d s.v pollitien, llewc','er, b forfi a rei. i:i c asse;:; 
can be mndk- of the oe:'io.ls of' time Ii.At .i].2 ] op .- Cfore uncontrolle-d pollution ach, 
levels th-)t will prohb tv be cri-i'-al fo.r t ho v it",,1 iS' of cortl reef coaurruni ties in potrt 

areas, infolmarion nut;t ul s. be. 7,Lt-aitr,,d cn the c;:ctd rate ol increls.e of each majol f. 
of pollution, the extent oo hi :h the various forns o' polutim can &:tsyerr;itirall' 
daniaqe major el roent:, ,' ,hc :.otef biota ,:nd the ,:.-rrnt tw vhich pollution jenera li oI.', 
the ability (;t' timec. ::r.'ff.t; to cope .ith ,'ouri' -ti'es. 

The long-term ec;iogic;A ,,! ecfnnmic conseou'nc:es of the desttr-ct*ion by pollution 
major elenientq of t}:: coral rctof c:r'u'nit:v, such a:; the hard coral cover, c'.n only be a. 

at but examination .F :.tct of a;,;ve dt truction c.f the hard coral cover of numet 
reefs in the central rc(iJon of the 'reat Darrier ef.. caused by Acanthaster ,lanei ir.t"e:;t 
tions provide soen indications of' :hie siort--term conseque;,c. s to be exV.cted. Initial-,,, 
there is a switch on a, dvastatc-d reef frori,, a coral-dominated commaunity to a, a] me-d,' 
comunity, the switch feingj aw.cited 'i.th marked ch;nges in species conaposition. 'he:" ° 

are stronq indications that, as a result of the-,e changes, commercial fishing based on 
reef fishes has already b,:vn alvters']y .f'Cccted. Dtpite the drab appearances of deva, " 
reefs there are no ubvi,us si; Ins 'hat tourit;m 6c' ivitv in the area has b.e-n idversel1,, aff" 
However, rust touris:, rt';ort; thcr-- arC located rr or near the rpieens] and mainland i r. 
(particularly frngin re',.s ia;-ouud ret:-ar-;nore iocIky is]andO) that have not been intfeste.m 
with Acthaste r Zaneai remain av',:iabif "or insper:tion by touiritrts. It is possible that 

' interference with drainaqe. patterns ;.r a] I ater are-i of reef's as a result of exteu: 
hard l. stali cay";, asdestruction of wilral at'e. t th- iry of sc-1ne cor'al such C;reo 

Island cay (itstelf a to,-i resort) but the results of r tJ'aiei on this aspect are not y'e 

available. In cotntrie.-he, cora'li2rrun areas ire not as extensive as the Great Daxr 
Ree. area but where coral ree.f totris m ed comrnw, i,%i i'is i.ng based on coral reef specie:; 
figure more, prominenti ' in the n-ti, -conomy than they do in Australia, the consequen(c 
of massiv,: dest!1ctio:; t;f the hard coral ve' of reefs by pollution could Wci1 be far m. 
serious. tmonsiderati;-n -of the lo.- oter;" -ocir-l conse;,uences of iruaiJve destruction 
hard coral of t-f.,; to]I ut;ren que.tion' the of timecover r po rnc-s about l-ength the reol;,, 
for coral reef recov, destl uo.?n caused by catastrophic evrmts.a toonuAtito f'-': 

Studies of rc:&o' tv o coral reef ,:eo.,unit jest._vts tated Ly natural catz.itrcphic v.: 
indicate tiat recovery -rom reY'latively :;.-all-scale patrhy destruction reauires less th.n 
ten years. Periods of tiiwS ragi,o from A~t to ,w 'ty yeas-, arm required for full recove:-, 
of areas that have Leen sub jected to h oovy destruction over large areas. If destruction 
has been especially :evexm ind involves ,,'11 maJor areas of a reef, then d!Csades may be 
required for full recover). It is assumed that rcovery in each case in uneventfial and 
not punctuated by additional epi!'odes of dentruation cauled by natural ajerncies or by 
pollution. There are indications that hen hurrvan activities (pollution) are responsibl,. 
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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 r eef communities by some forms of pollution may be more severe and widespread than 
destruction caused by natural agencies, becase the communities are not buffered against
pexturbations induced by novel factors whereas they ha',(: evolved mechanisms that buffer
 
them against perturbations caused by naturei ageLncies to which they have been exposed
 
throughout their evolutionary histories.
 

The me,-n of detecting, monitring and cowitering each of the various forms of pollution 
affecting coral reef couuitroritif.s are available but the acd ve support and cooperation of 
governments in all coralliferoun arte-as will be required if pollution is to be effectively
controlled in these areas, There is an urgent need for baselire d.,ta for the normal 
stuctures of reef ceimwunitien on unpolluted reefs in differernt geographical areas to be 
obtained. This need underline the desirabiliit: of ctvating .dequtua : marine r.arks where
the fauna is totally protected in each of The majcr coralleot,. areas. Desirably too,
these marine pa;'ks should be a!.soziated with r!-,e.ah stations manned b) corl reef 
biologists. Changes in the stI'uctulf.s of coral ; -,fcoinlO"1fnitieS steuning from pollution
could then be detected by re-eiular monitori )q of' .-cefs in 'a(c area, particularly those 
nearest ccntre3 of human ";, tft. If cllanie re'ul.ir fr;m pollution ore detected, 
appropriatc counter-neas tires to cont'rol the ;, 1rticu] f'_ ,." foi-iii- ofifr, pollut ion involved 
could then De reconended to the el ne-o-nt %<-vernileent or 11o'e-~ts.Althciq,7q pullution 

.in most tropical irlari:ith e!!'vil )nlqnits loes roott, .),jear, a( tnave i- ach, d a critical 
stage, the A planci populJ,.ion P:-ploSions that nave occurred in receiit yecrs in many
coralliicrous areas may indicate that this criti.?l stage i7 rapidly appro ching- Now is 

,th:- time for action and anl excelltrit oppr):,tuni.t far concerted iuternational action for 
the conservation of coral reef nr,.nit,,s 'resc-nt; ilself. 
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