


THE GREAT 
BARRIER REEF 



.. 

•• 

n , .... ~~~o 
;j" lOot I"L ~ 

_ .- ..... 1"0-'1 

--

~-

--
• :r--

,..:...-

~.­.-
Q r f 

... _. IIIIK.I T 

!<l 
:ll 

!I L • 

--_ .. _--
... ----------~.-..~ 

... 
'0 

• 

--

.. ... 

' 0 

T 

o 

---

... 

---

-

... 

--~--'-

--- i -- -
--.. -
"-- -- -

.• 
;0< .4:.oItL. " .: .. 

---

1IIIdiIIIF" • - ... _

~"-__ ~r J .. 
~ ......... 
~ 

1IIDAt ...... 

, 

-

'~ ... 

'- I 

---
• 

-

•• -



THE GREAT 
BARRIER REEF 

Biology, Environment and Management 

Editors 

Pat H utchings, ~TilAj,IA" MOJ~E J/. 

M ike Ki ngsford , J .. NIS COO!< UNlVtRSfT)' 

Ove Hoegh-Guldbergj T~i UNI\OlR51TY OF QuEEtJ<LAND 

G 
C5 1RO 

PUBUSHING 

mJCU 

~ Springer 

TIlE ~EItIIm' 
OI>Q\-.ool 

lW.T .. .. U ... 



O A RSZOOil 

All rights res.l>rved_ Exa!pt under th o? (OllditiOllS described in the AlIs tmliaPl C,¥'yrighl Ad 1068 and subsequent 

am ""d ," "" ,nL) p O'FI of th,~ p ublica! i"" m<\y be rep ,aLlured, ,,"', ' -·d '" 0 retri~,'al "Y'tem r fran_ m illed in 311}' fo.m 
or by .m y rne,'ll1lS, d~'Cttunk, mechanical, photocoP)'ing.. n:cornmg, duplkating or olh ·rwbt·, without the prior 
~ffi';- ion o f the copy" ht owner. CanL&c-t csmo PU BLISHING fo r all peTmi,;s[anrequests_ 

Nalional Library of Austm lia Ca taloguing-in-i-'ublication entry 
The G"", t Sa , rier R""r: bio i gy, c twi ''l",,,,mt mill ""nag.ernen!! 

editors, rat Hutchings, Mike Kingsford. Ove I Iocgh- uldberg. 

Colli~'f<>od, Vic.; ('Smo Publishi"l5' zoos. 
97801'>43095571 (pbk.) 

l.11dudes ind~x. 
BibliL>g! ~phy. 

Co .... 1 reel ecology - Queenslan.d - Gr<>at Ban-ieT R""'-f. 

ann.: biodi ",-'£Sit)' - Qu~"C land - C""at Barrier Rr.. .. ct. 
onl reels and islands - Indo-Pacific Region. 

GR"al Bam ' f Red (Qld.) - En\·lrunml·n till ""I' ·ct . 
rcal Barrier Red (Old .. ) - Management_ 

HutchinW;, falrlda 
Kingsford , MkllM>1 Joho 
HlNC¥h, uh:lbctg, O\'l· . 

57'7.71>90994,3 

f:'L(bJl~hed L" l Lllfh.e~y in ,,~Ira ll.; "_ii.d e".. Z ~~ !ajic:! by 
cSrRo PUBUSHlNG 
15V Oxford S treet (Po Box 1139) 

ollin~1" .11d VIC ~~ 
A l1,stralia 

Tel : 
LA:II,,,I call: 
F lU;.; 

EU'I.IliL: 
W,* , i !~: 

+61 J 9662 7666 
1300 788 ODD (Australia onl)' ) 
+61 3 9662 7555 
publishing.sai<>s@esim .al1 
,,,, ... ,,,.p,, l;>li. h-~ll\' ... ~ 

Publish ed exd"sj"dy Ihm" ghoul the ",odd (excluding A llB!ralia and New Zealand), 
by SpringN, with ISBN W8 1 4020 S'l497. 
Springer 
Val'\ G~wl)ek..tr."' t 30 
331] ex Dord:reent 

The Neth 'Iand_ 

Tel : ... 31 ~ 657 flO 00 

f ox:: 31 78 65765 55 

W~-b site; ww\V.springer.com 

Frunt C4:'" 'r phot,) by D. W;,d, -nI ~d 
Back C<:Jver photos (clockwise from top left) b~' R. Sk(.'TIc , 

R_ SbL",ne, R- St",er.c, o.f'!oegll-Guldl;>erg, J(. Fabrl ,,,,,-

Set in 10 / 14, Palat;no 
0" 'f d(:>;iwr by J~m'-s. Klllly 
r:I i ted by .... m.artda Reid 

Index by Russ II Brooks 
Prin ted in Ma In }" in 10 Imas<) 



Conten s 

Prefare 

Hon Vrrgini<l ChiJd~vick AO 

Acronyms 

AUth07 Ii iographl:es 

In:trodudion to the Great '!iarrier Reef 

P. A. Hutchings, M. I. Kingsford & 
0. Hoegh-Gvldberg 

vii 

viii 

IX 

1 

1 Ceom"rph"I.llgy ofCo(al Reef's. wilh Special 
R"fercmCO! to til" Creal Barrier fReef .5 

D. Hopie 

] Thti G(tiat Barrier' Rti",f in lime and 
Spa. "" Geology and Pill lae<ibiology 
J. M. Pandolfi & R. J(; !/i?y 

.. Oce .Ilography 

M . I Kingsford.& E. ~\.b/anski 

17 

28 

5 Coral Reef Habilats and AS1.emblages 40 

C. 5yms & M. I. Kingsford 

6 Seabed EI\\'ironmen.Is, Habitats 
an.d B iologic-al A~'Sel"llblages 51 

C. R. f'1[cher, I~ /. Doheny 7. J. Ande.rmn 

7 Primary Production. Nutrie'llt 
Recycling and nrgy Flow through 
Cor;)1 Reef Ecooy,1ems 

0. Hoegh.Culdberg & 5. DOlle 
59 

8 ilkiiication, Eros.ion and tile Establishment 
of the Frilmework of Coral Reefs 74 

P. A. Hmch/flgs & 0. Hoegh-Cu/dberg 

Sc(:lion 'J. Fa (IQI"i AffeCling thf.': Great 
Barrier R 

<:I H URiail Im.pact 011 Co ..... 1 Roofs 
T. p. I-Iugfte~ 

111 The 'Future .,f Co ..... 1 R"""fs in a 
Rapidly Changing "Vofl d 
0. Hc)<!gh.Culdl)erg 

1 Tertes-I.rial R;l,In~ltf!o the Creat :lI"'tr'i~r 
REl-ef and t.he Implications lor It~ 
LOllgT"ml Eeological Slalus 1 G8 

I. Brodie & K. fat'!'i iu 

n Plan!l;.ng and Mi!ln.a~ing Ihe C(e,1t 
8a rri..,r R..,ef Marin., Park 

J. Day 

U 1I iudilll,!r'$ity 
p. A. I-ItJtchings &. M. I. King ford 

4 Plankton 
M, I. Kingsford, K, Heimann, 

. , Alexander & A D. McKinnon 

5 Macroalgae 

C. DiiJz-Pulido 

16 Mangroves and s.eauas~ 
N. C. Duke &- A. W. 0, wrkum 

7 Sponges 
I. N. A. Hooper 

114 

122: 

129 

145 

156 

171 



18 Pelagic- Criidariaand Ctei10phma 183 25 Bryozoa 290 

L Gershwin M./. ingsford D. P Gordo.l & P. E. So k 

1'1 He)(acuraJs 1: Sea Anemones and :u. E(;hinQde nita'" 296 
Anernone.lik., A".imais (Adi"iaria, M. Byme 
loan Ihidl!a. Cura.llimorpha tia, 
Cern ntharia and Antipalharia) 199 27 Tunkala 308 
C. C Wall<l 'e PKou 

:m H X1IWTa . 2: Reef·bu ilding or 28 The fisl~ Assemblages of the Great Barrier 
Hilrd orals (SdeJactilli<l) 2~:19 Reef: Their Divenity and Origin 327 
C. C. Wa'I.wt' I. H. Choot & B. C. Ru~se11 

21 Octocornls 222 29 R~pljl(!8 343 
P. Alderslade & K. Fabricius H. Heatwole & V. Lukoschek 

22 Worm~ 246 30 Marine Mammals 50 
P. A. Hutchings H. Marsh 

23 Arthropoda: Crllstacean~ and 31 'eabird~ 359 
pY<iI'Iogonid.s 262 8. ongOOn 
5.1. Ahyong 

EpilQgtle 3('9 
:.N, Mollusca 276 P. A I-/t/l hings, M I, KIng ford & 

R. C. Wilfan 0. /10 gh-Gutdbf!rg 

vi 



Preface 

Non Virginia Chadwick AO 
Formerl l'Iilirm~.It of the Gre..t t Ba.rrler R< -'f M rine P;}l"k Authorit , 

In 1m th~ Australian Coral Reef Sodl!ty \ ilS esrniJ. 
llsh('(j as tnc anit a.ssocirttion in the world sp<! '.lically 
cOne,mwd wifh the study, re!;""rt'h and conseT\'ation of 
coml reef:,;, 0 T decade the So M , ' !"oli: 11.1 ron­
tOOu t<-d signifkant! ' to our und(!'rstand ing o f the Gr~at 

Borr,er Re~f. 

(nere" .~dj knowk-dse and und"n;tanding is .:ritie~1 
if s tudents are to fLoel encouruged and in.spire.d to foL­
low c.1K'C'fl; in r(=r<:h or m<,m~gem( .. 't of ami R'l'f 

ecosystems, 

For those in governmenl, o r ill organ;sations such 
as dle Great Banier Re>!fMarine Park Authority, th" re­
sults of scien tifIC .research prov ide both a ca.alyst and 8 

founda tion for policy responses to ide" tified tiueats 

and cha,llenges. 

Add itionally, through COlt fommces, lectures, and th" 

media, th~ SOCiety prov ides Ih~ broad Australian com· 
munity ,.-\' ilh inciep"Jldent and expert informa tion 
about the issues impacting on grea t Australian iean . 

Th;s b ook,. -The Creat Barrier Reef: Biology,. 
Environment end ta.nagement', published by the 

'V ii 

Common\v~lth 5ctl!fltitk and InclustrialResea.rch 
Orga.n" tim\ (CSIRO), ron tinUlw I!' plain, infonn 

and rou~ah" It ,,,ill b.> v"lu<1tl 1»' non p(!'rfs , stud""ts 
and !'<c',;{,>\rch"n;, 

Those who ha\'~ contributed 3rc? r,'Cognirod as Aus­
tralian e.~perts In their field and each chapter has b en 
P''<!T reviewed , The ~nd of e'K-n. dmpt.?r lists • Addi­
tiona( readIng' relevant to the chapter. More references 
are il ailablC at ~t http;! I",,, .ilwstril llaJK-urairLclsodcty. 

orgl BR_book.him [VeriHro 2.1 M.udl 20081. 
J commend the Australian Coral Reef Society for 

th:is initiative th" t pro,<idt.>s such <1 w~lth of informa­
tion in 8n accBSsible fonn. 

POT Ihose who care for the C reat BBr r' .... Reef this 

book provides con lnnBtion of the conlin uing need far 
sound sdence and informed rna.nagemen t if the reef, 

~5 "'" know it, is to survlv~ cur..,., t and future 
chall Itges.. 
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A ustnll ian Research Council 

Co-aperati ve Re~rch Cenlore 

Commoow<!altl, Sden tUk and Ind u$tria I I{eo;e-a rch O~ganis tion 

Oil ·-to·day Management Progr. m 
Derartment f Primary Il\dustries and Fisl\er'les 

Enricluncnt of Nutri.,nh; Oh Cural Reefs 

European Pro;"",t fur lee Curing in AntarctiGl 

Creat Barrier Reet 
Great B,a .... ie r Reef Catch men t Area 

GretH Barri"r Re.ef MMine Park 

GIl! t Barrler Red MarinI! Park Allthori . , TOWl1s"IJ]", Qld 

G",..,.t Barrier R<>cf World HIl'ril<lgc A""" 

Intergovernmental Panel on Climate Change 

James Cool< Universi ty, To .... "'sville, Q ueen.sland 

ModeJ~ te Resolution Lma.ge Spe<:'trol'adiODle to;>r on Ill': Terra and Aqua satelliles, 
avall hIe a t http: //modis.gsfc.l1ss a .gov I [V""ified 211a I'<:'h 200 J. 
Marine ien....., Ilnd Techn ~ gy 
NOn GO\'Cmm,,"t Organisation" 

N.atiun~l Institute o f Vfut"T ,uld Atmosp"e-ric Re!;carch., Wdlillgtvn. N",IV Z.nrland 

North QIl<!ensland Alga L IdentificB tion ICuLturing Paci!; ty 

Muse-urn and Art Gallery of the Northern 'Territory, DaTwi n. , T, Aus tralia 

Qu~ens!llnd IJe.p~Itm 11 of N~ lural R f;(Iurces arrd Manilgen1en, 

Queens!and lNpartmenl "r J>rinla.ry IndU51, ie!i 

Qll~L'Il,;li\nd Parks and !t,rtldllI~' &-rvi<:e 

A NOAA projL'Ct Lnapping, using S<ltcllitc a.LtUnc(1)~ th~ wM .. r surfac.., d .. viltion of the 
ocean, from whkh if,,, n"ar-surfaa! water curIlmIs are ca.lculil tt-d. 

Representative Areas Program 

Remo te Opera ted Vehicle 

R f Water QUalil ' Protection Plan 

Se.<!-viewin ~\~de Field-of· view Senwr {see htlr:/I ~ncolol.g <'.l18l1oll.gC>V I 
Sea WlFS l V('rified I I Man:h 2008.1. 

~ i i li 
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and habitat res to ration. As Principal Research PelJow 
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group on marine tidal wetlands at the Univer.;ity of 

Queensland entre for Marine Studies. With his d.,.. 
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Ke Lharine abricius i, .. a coral reef ecologist a t the Aus­
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National lnstitum of Water and Alm ospheric Research 
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H. Hf~T'\ULE 
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who in the pasl 47 years succe~i\'el }' held academic 

post s at the njvers.ity of Puerto Rico, University of 
New England, and o rth Carolina State University. 
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eX' m pll1', dilloll~gellatel d[a tom reproduction d 'nall­
ies/I , 'e ls of I(lxi Hr. <l lerntimm! of invl\sh'ent>fl~, 
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Sden cs in 2002, for ] IS rol1trib<JtiOfL to reef s.:ience. His 
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tt;.lllan. Res m:h COlfndl';; Centre of Excellence for 
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career working on the systematics and ecology of poly­
d liletes . I.n add ition, she has been stud ying the p rocess 
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volved in the Australian Coral Reef Societ}' (ACR ) for 
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Russ .. U Kelley,. a scienci! communication consu ltanl 

"pecia "li5ing in im 'isible or time d ependent p rocesses 

through a;nimation and mu ltimedia techniques. H i ~ 
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Michae] Klllgsford is curren tly Head o f the School of 
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of !:hI? em"t Barri .... Reef 5<?abed Biodh",r:slty Project. His 
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lished a range "f pa pers on t l ... relatin""" i p5 between 
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