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EDITORIAI 

W i t h this Issue we welcome Krist lan Telekl t o the R e e f 
E n c o u n t e r team. Krist ian is based at Cambr idge, U.K. and 
wi l l provide an address and email secure f r o m hurr icanes 
and other such inconvenient disturbances. 

W e have another bumper edit ion w i t h several pieces 
l inked t o Reef E n c o u n t e r N o . 22. As promised, the o t h e r 
side of the Rapid Wast ing Disease / Syndrome controversy 
gets an air ing ( C u r r e n t s ) . Moreover, the scientists studying 
the role of fungi in the syndrome tel l us thei r w o r k is ad­
vancing rapidly; though you wi l l have t o watch the scientif ic 
journals fo r the latest developments. Reef E n c o u n t e r has 
a largely professional readership and is therefore an appro­
pr iate vehicle for discussion and a l i t t le controversy. But is 
the same approach appropr iate in the media? U p w e l l i n g s 
brings a c o m m e n t on the situation in Bonaire where some 
have suggested the high prof i le damage t o coral f rom par­
rotf ish bites is a reason t o resume spearfishing in the marine 
park. 

Talking of controversy, R. Buddemeier and R. Kinzie are 
happy t o tel l us where we are going w r o n g in the i r F e a t u r e 

'Reef Science—all the w r o n g questions in all the w r o n g 
places?' Thanks t o them both fo r a substantial and thought 
provok ing art ic le. A n o t h e r c o n t r i b u t o r was less wi l l ing t o 
o w n up t o heretical views, but anonymity wi l l not p r o t e c t 
S p y h o p p e r f rom the backlash—if you have comments , air 
them 'care o f the editors . 

Fol lowing the sad news of Bob Endean's death, we have a 
full ob i tuary on page 9. Appropr iate ly , we also have t w o a r t i ­
cles on C r o w n o f T h o r n s in South Afr ican and Japan ( C u r ­
rents) . Amongst ou r usual offerings we br ing you I S R S 
N e w s and informat ion on I n te rna t iona l In i t iat ives in­
cluding theYear of the Oceans, Reef Check 98, G C R M N and 
also the ICRI sponsored ITMEMS meet ing (see D i a r y ) . 

Thanks go t o all the cont r ibuto r s , but part icular ly Mark 
Spalding (cover i l lust rat ion), Simon Wi l son , David Righton, 
and Cathleen Bester w h o responded t o our call f o r draw­
ings. Please keep them coming! 

M.Watson, D. Obura , K.Teleki 

I S R S COMMENT 

F r o m t h e P r e s i d e n t 

i t is e lect ion t ime. Through the efforts of the counci l and 
concerned members, we have a fine slate of candidates (see 
ISRS News) . W h a t we need now is the del iberat ion of the 
membership t o ensure the elect ion of people w h o repre­
sent our global divers ity and w h o wi l l w o r k on ou r behalf. 
Please consider carefully and vote ! The winners wi l l be an­
nounced at the ISRS meeting in Perpignan, 1-4 September 
1998. 

O u r September 1998 meeting in Perpignan wi l l inaugu­
rate the ISRS Student Travel A w a r d Program (STAP). Once 
each year the Society wi l l jo in in partnership w i th the hosts 
of an ISRS-sponsored meet ing t o suppor t travel and local 
expenses fo r a developing count ry graduate student. Init ial­
ly the target region is South/Southeast Asia and the Pacific, 
but the program wi l l expand t o o t h e r areas over t ime. Many 
thanks t o Dr. Gray Mul ter fo r pushing hard t o gain Counci l 
approval of this program. 

The winner of this year's ISRS Graduate Fellowship in 
Cora l Reef Ecosystems, Romero Marquez Dizon of the Ma­
rine Science Inst i tute of the Univers ity of the Philippines, is 

announced in this issue ( I SRS N e w s ) . Congratu lat ions! I 
hope that you share w i t h me the satisfactions of the growing 
matur i ty of the Society—support ing graduate fel lowships 
and travel awards fo r w o r t h y students, providing substantial 
suppor t fo r the growing interest in scientific meetings c o n ­
cerning coral reefs, and reaching out t o the global commun i ­
ty w i t h scientific input fo r the management of coral reefs. 

Advance planning fo r the 9th International Cora l Reef 
Symposium (ICRS) In O c t o b e r 2000 In Bali is underway, but 
communicat ions have been s lowed by the regional e c o n o m ­
ic crisis and elections in Indonesia. Dr .Suharsono,the scien­
tif ic member of the Organiz ing C o m m i t t e e , attended the 
meetings of the Counci l in Boston in January and by July I ex­
pect t o be in contact w i t h the new Minister of the Environ­
ment. 

The meetings leading t o the International Coral Reef Ini­
t iat ive (ICRI) involved many of us in 1995-96. The Interna­
t ional Tropical Marine Ecosystem Management Symposium 
(ITMEMS) in Townsvll le, 23 -26 November 1998 wi l l review 
progress and set the future directions of the ICRI and also 
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provides us w i t h a venue t o reaff i rm the ISRS c o m m i t m e n t 
t o br ing the science and the management of coral reefs t o ­
gether. Check ou r new web page (details in I S R S N e w s ) 
for in format ion on this and o t h e r meetings of interest. 

Finally, I am del ighted t o we lcome Dr. John E. Randall, re­
cently ret i red f r o m the Bishop Museum in Hawaii t o H o n ­
o ra ry Membership in the Society. Jack's outstanding career 

in the systematics and biology of coral reef fishes spans the 
modern era of scientif ic and management concern w i t h 
coral reefs. In addit ion t o being a prol i f ic scientist. Jack has 
brought coral reef fishes t o mil l ions through his field guides 
and many books. 

Very best wishes t o all. 
John C. Ogden 

I S R S N E W S 

A D D R E S S C H A N G E ? P L E A S E N O T I F Y I S R S ! 

W e scientists are an i t inerant bunch. Wel l over 10% of the 
addresses in any membership such as ours change every 
year. If your address changes, please not i fy the ISRS business 
off ice of the new address, preferably six weeks in advance of 
the change. That one not i f icat ion wi l l serve fo r copies of 
R e e f E n c o u n t e r , C o r a l Reefs (if your membership cate­
gory entit les you t o the journal ) , ballots, and other I S R S 

correspondence. Please D O N O T noti fy Springer-Verlag of 
the address change: I SRS , not Springer, sends C o r a l Reefs 
t o you. 

The address of the ISRS business office Is ISRS, PO Box 1897, 
Lawrence, Kansas 66044-8897 USA. Fax: 1-785-843-1274. 
Changes can be sent by E-mail to <fautin@ukans.edu>. 

I S R S E L E C T I O N S 

As you all know, 1998 is elect ion year fo r the Society. Three 
of the Society's officers and six Counci l lors complete thei r 
terms at the end of December 1998. John Ogden wi l l be 
stepping down as President, along w i t h Vice President Rene 
Calzin and Cor responding Secretary Galium Roberts . 
Counci l lors Jorge Cor tes , Pat Hutchings, Peter Clynn, Ken 
Sebens, Jiirgen Patzhold, and Clive Wi lk inson wi l l also be 
standing down. Fol lowing a call fo r nominat ions in the last 
issue of Reef Encounter, we have now assembled an excel­
lent f ield of candidates for the fo r thcoming elect ion. They 
include Terry Done for President, Barbara Brown and Eric 
Jordan-Dahlgren fo r Vice President, Richard Aronson fo r 
Cor responding Secretary, and Loke-Ming Chou , N o h o r a 
Calvis, Hecto r Guzman, Lucien Montaggioni , Nicholas Pol-
unin, Rober t R ichmond, Suharsono, Si Vo Tuan, Garden W a l ­
lace and John Ware fo r Counci l lors . In sum the nominees 

hail f r o m ten di f ferent countr ies spanning the ent i re g lobe, 
most of them having coral reefs! Ballot papers were mailed 
t o members in early June so should have reached even the 
most remote areas of the w o r l d by now. The bal lot paper 
provides details of the background and interests of each of 
the candidates t o help you in selecting w h o t o vote for. Vot ­
ing slips have t o be returned t o Galium Roberts by the 15th 
August. The results of the elect ion wi l l be announced at the 
European Meeting of ISRS in Perpignan in September and 
the incumbents wi l l take up thei r posit ions f rom January I st 
1998. This elect ion is very impor tant as the Society must 
bui ld on the strength it has gained t o meet the growing chal­
lenges that face reef science and management in the 21st 
Century. Please help in these efforts by vot ing in the coming 
elect ion. 

Galium Roberts, Cor responding Secretary 

I S R S M E M B E R S H I P A N D F I N A N C I A L R E P O R T F O R 1997 

MEMBERSHIP was 785 at the end of 1997,70 fewer than at the end of 1996.There were 72 students, 623 individuals, 6 h o n ­
orary members, 6 sustaining members, and 78 family members (in 39 family memberships). 
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F I N A N C I A L REPORT 

INCOME EXPENDITURES 
Memberships $60,707.00 Reef Encounter 21 (printing & postage) $6,180.00 
Sollins fellowship 702.53 Tax return and audit 1,300.00 
Interest 2,626.03 Coral Reefs 16 supplement 5,000.00 
Editorial allowance 2,555.09 Editorial allowance 2,555.00 

Allen Press-
Management (includes some postage) 13,801.67 
Membership directory 3,332.28 
Postage 3,126.21 
Bank charges 22.05 
Card charges 700.66 

TOTAL $66,590.65 TOTAL $36,017.87 

O U T S T A N D I N G CHARGES 

1. The December printing of REEF ENCOUNTER 22 will amount to about $3,000 
2. Nearly $13,000 was paid in early 1998 for CORAL REEFS volume 16 
3. CORAL REEFS 16(4) handling charges will amount to about $2,000 

Because the dues notice for 1998 was mistakenly sent in October, some of the membership income is for 1998 dues. 

Thus, receipts actually for the year 1997 amounted to about $55,000 and actual expenditures for the year totaled about 
$52,000, which was almost precisely as budgeted (REEF ENCOUNTER 20, page 5). Cash on hand at the end of 1997 totaled 
US$93,654.39 and $21,643.13 in two savings certificates and $72,01 1.26 in two checking accounts. 

BUDGET FOR 1998 

INCOME 
Memberships 
Editorial allowance 
Interest 
Donations 
Page charges 

EXPENDITURES 
$48,000.00 Reef Encounter 

2,500.00 Tax return preparation 
2,500.00 Coral Reefs 

100.00 Editorial allowance 
400.00 Allen Press—management 

Membership directory 
Postage 
Bank and card charges 
Planning for ICRS9 

$7,000.00 
500.00 

16,000.00 
2,500.00 

13,000.00 
3,500.00 
5,000.00 
1,000.00 

10,000.00 

TOTAL $53,500.00 TOTAL $58,500.00 

C O R A L REEFS A N D G L O B A L C H A N G E : 
A D A P T A T I O N , A C C L I M A T I O N OR E X T I N C T I O N ? 

New and challenging views of how corals and reef systems 
operate emerged from a symposium and international 
working group held in Boston, January 3-11 1998. The 
meeting was held in conjunction with combined annual gath­
erings of the Society for Integrative and Comparative Biolo­
gy, the International Society for Reef Studies, and the Eco­

logical Society of America. The working group, formed in 
1994 to evaluate the scientific basis for growing concerns 
about the survival of coral reef ecosystems, was sponsored 
by the Scientific Committee on Oceanic Research (SCOR) 
and the Land-Ocean Interactions in the Coastal Zone 
(LOICZ) core project of the International Geosphere-Bios-
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phere Programme (IGBP), w i t h symposium suppor t f r o m 
the N O A A Coastal Ocean Program. Proceedings of the 
symposium wi l l be published as an issue of Amer ican Z o o l o ­
gist. A n interdiscipl inary synthesis of the meeting c o n t r i b u ­
t ions resulted in the fo l lowing key conclusions: 
• The calcif ication rates of corals, coral l ine algae, and coral 

algal communit ies depend on the calcium carbonate satu­
rat ion state of surface seawater. Experimental data sug­
gest that communi ty calcif ication rates have probably al­
ready been reduced by anthropogenic increases in 
atmospher ic carbon diox ide, and that at doubled C O j , 
coral communi ty calcif ication wi l l be reduced by roughly 
20%, whi le communit ies dominated by coral l ine algae may 
show an even greater decrease. This represents a global, 
systemic, th reat t o the funct ioning of reef ecosystems that 
wi l l interact w i th o ther c l imate-re lated stresses and w i t h 
the more immediate local and regional anthropogenic 
stresses. 

• Cora l reefs and communit ies are products of processes 
operat ing over a wide range of interact ing t ime and space 
scales, w i th fundamentally di f ferent contro l s at di f ferent 
scales. Shor t - te rm responses wi l l be cont ro l led by local 
envi ronmental condit ions and biot ic responses, but 
longer- term sustainabllity depends on the recru i tment . 

dispersal, persistence, and interactions of populat ions 
over a hierarchy of larger scales. 

• Corals, and t o some extent reef communit ies, possess nu­
merous mechanisms fo r accl imatization and adaptation -
diverse reproduct ive strategies, f lexible symbiotic rela­
t ionships, physiological accl imatizat ion, habitat to lerance, 
and a range of communi ty interact ions. However, cur rent 
understanding of these mechanisms and the crit ical ly im­
por tant calcif ication mechanisms, is inadequate t o explain 
the past success of corals and reefs, o r t o ensure the i r 
conservat ion fo r the future. 

Unlike many ter rest r ia l ecosystems, coral reef ecosys­
tems are di rect ly threatened by globally increasing atmos­
pheric C O j . Local reef ecosystems and populations are in­
te rconnected and interdependent over a wide range of 
scales. Thus, conservat ion o r management strategies aimed 
at removing o r mit igating only local, human-der ived o r re­
cently-appl ied envi ronmental stresses, although essential, 
are likely t o be inadequate in isolation. Corals and reefs are 
potent ial ly robust and resi l ient, but realizing that potent ia l 
requires new approaches and greater integrat ion of funda­
mental and applied research, conservat ion, and manage­
ment. 

R.W. Buddemeier,Working Group chair 

I N T E R N A T I O N A L S O C I E T Y F O R R E E F S T U D I E S A N D C E N T E R F O R 
M A R I N E C O N S E R V A T I O N 1999 G R A D U A T E F E L L O W S H I P F O R 

C O R A L R E E F R E S E A R C H 

Cora l reefs are among the most diverse ecosystems on the 
planet, they are globally d i s t r ibuted, and they suppor t var i ­
ous aspects of coastal economies. Yet coral reefs are widely 
recognized t o be in decline and studies are needed t o p ro ­
vide in format ion t o manage and understand processes that 
cause coral reef change. Funds are available, approximately 
US$ 13,500, t o suppor t one student t o w o r k t o w a r d a Ph.D. 
in the general area of coral reef ecosystem research. The 
focus of the Fellowship is t o understand and predict coral 

reef response t o change caused by management o r distur­
bance (human or natural) . Research supported by the fe l ­
lowship should emphasize an ecosystem approach, recogniz­
ing the complex interplay among many processes that shape 
the way coral reefs look and funct ion. For example, projects 
that focus on factors that cont ro l product iv i ty , nut r ient dy­
namics, carbonate accret ion o r eros ion, fisheries recru i t ­
ment, o r the effects of explo i tat ion of coral reef resources 
are examples of suitable topics. W o r k is not rest r icted t o 
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these topics, but mechanist ic contro l s should be empha­
sized because this in format ion is impor tant in const ruct ion 
of models that wi l l p red ict reef response t o disturbance. 

W h o c a n apply? 
The Fellowship is available t o students, w o r l d w i d e , w h o are 
already admit ted t o a graduate program at an accredited 
university. The intent of the fel lowship is t o help Ph.D. stu­
dents develop skills and t o address problems related t o rele­
vant applications of coral reef ecosystem research and man­
agement. The fel lowship can be used t o suppor t salary, 
t ravel , f ie ldwork , o r laboratory analyses. Renewal of the fe l ­
lowship is possible, but is based on annual resubmission. The 
student can w o r k enti rely at the host university, o r can split 
t ime between developed and developing count ry universi­
ties. Given proposals of equal scientific mer i t , p r io r i t y wi l l 
be based on financial need; st rong financial o r in-kind sup­
p o r t f r o m local sources is also requi red. 

A p p l i c a t i o n m a t e r i a l s 
A four page proposal , using 12 Font o r larger, in English, is 
requi red f r o m prospective fel lowship candidates. The p r o ­
posal should include ( I ) an overv iew that places the p r o ­
posed research in contex t w i t h exist ing l i terature and local 
needs, (2) a detailed methods section that includes hypothe­
ses and exper imental design (as appropr iate) , (3) expected 
results, (4) evidence of host count ry management relevance 
and coord inat ion (e.g. ident i f icat ion of individuals o r p r o ­
grams that wi l l benefit f rom your results), (5) a detai led bud­
get, and (6) l i terature c i ted (the budget and l i terature ci ted 
sections do not count against the four page l imit) . Eight 
copies of the proposal must be prov ided. The student's 
major professor is requi red t o submit a CV (maximum 

length 3 pages) and a suppor t letter, in English, that detail 
cost sharing and facil ity support . If w o r k wi l l be conducted 
at a second university, a suppor t le t ter Is requi red f rom the 
sponsor ing professor. Appl icat ions wi l l be reviewed by a 
panel w i t h ISRS and Center fo r Marine Conservat ion part ic­
ipants; evaluation cr i ter ia include scientific mer i t , feasibility, 
cost sharing, host count ry coord inat ion , and relevancy t o 
the Fellowship guidelines. Twenty four applications were re­
ceived fo r suppor t in 1997, and twelve were received fo r 
1998. 

S U B M I S S I O N D E A D L I N E IS O C T O B E R 16, 1998 

A d m i n i s t r a t i o n of the Fe l lowsh ip 
The International Society f o r Reef Studies (ISRS) and the 
Cente r fo r Marine Conservat ion ( C M C ) support the Fel­
lowship th rough professional and administrat ive c o n t r i b u ­
t ions. The mission of the ISRS is t o p r o m o t e f o r the benefit 
of the public, the product ion and dissemination of scientif ic 
knowledge and understanding concerning coral reefs, both 
living and fossil. The C M C is c o m m i t t e d t o protect ing ocean 
envi ronments and conserving the global abundance and d i ­
vers ity of marine life. Through science-based advocacy, re­
search, and public educat ion, C M C promotes in formed c i t i ­
zen part ic ipat ion in o r d e r t o reverse the degradation of our 
oceans. 

Appl icat ion materials should be submit ted, no later than 
O c t o b e r 16 1998, t o : ISRS Recording Secretary, U N C W , 
515 Caribbean Dr ive, Key Largo, Florida 33037. E-mail 
<SMi l ler@gate.net> Please visit the ISRS Homepage (www. 
uncwil.edu/isrs) for addit ional Informat ion related t o the 
Society and the Fellowship. 

1998 I S R S / C M C F E L L O W S H I P A W A R D E D T O R O M E O D I Z O N 
T O I N V E S T I G A T E B I O D I V E R S I T Y A N D C O R A L R E E F E C O S Y S T E M 

F U N C T I O N IN T H E P H I L I P P I N E S 

The 1998 ISRS Fellowship was awarded t o Mr. Romeo Mar­
quez Dizon, of the Marine Science Inst itute at the Univers ity 
of the Philippines, Di l iman. Mr. Dizon's program advisor is 
Dr. Helen T.Yap. The Fellowship award is fo r one year and is 
w o r t h US$ 13,500. The Fellowship was awarded after ex ten­
sive peer review of all proposals, including w r i t t e n c o m ­
ments prov ided by several ISRS Counci lors and panel review 
by ISRS Off icers and a Center fo r Marine Conservat ion 
(CMC) scientist: C M C also provides assistance related t o f i ­
nancial administ rat ion of the award. 

Mr. Dizon wi l l w o r k in the Bolinao reef system in the 

nor thwes te rn Philippines. His research, ent i t led, " C o r a l 
Reef Biodiversity in the presence of disturbances" includes 
f ield and laboratory studies t o investigate: the effects of nu­
t r ien t pol lut ion caused by the pro l i ferat ion of legally estab­
lished fish culture pens; and physical disturbance t o the reef 
caused by blast (dynamite) fishing. In general, Mr. Dizon's re­
search addresses the broad topic of how biodiversity affects 
ecosystem funct ion. Specifically, he wi l l conduct exper i ­
ments t o investigate relationships among physical and chem­
ical disturbances, biodiversity, and recovery rates. 
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N E W I S R S H O M E P A G E B R I N G S T H E S O C I E T Y O N L I N E — 
W W W . U N C W I L . E D U / I S R S 

The ISRS homepage Is up and running! The purpose of the 
homepage is t o provide ISRS members w i th news and an­
nouncements impor tan t t o the Society. Addit ional ly, infor­
mat ion is available related t o Reef Encounter, Cora l Reefs, 
ISRS Fellowships, and upcoming meetings. Future develop­

ments wi l l include archives related t o Reef Encounter and 
Cora l Reefs. The homepage is hosted at no charge t o the 
Society by the Univers ity of N o r t h Carol ina at W i l m i n g t o n , 
which is one of the leading undergraduate marine biology in­
st i tut ions in the Uni ted States 
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OBITUARY 

T H E M A N W H O S A V E D T H E B A R R I E R R E E F 

Robert Endean, Marine bioiogist. 
Born 2 7 December i 925, near Lithgow, New South Wales,Austraiia, 

Died 2 October 1997 at Heron island. Great Barrier Reef 

W i t h the death of Bob Endean, the Great Barr ier Reef has 
lost a champion, and Austral ian science, a larr ik in. Bob's life 
was a celebrat ion of c o m m i t m e n t t o both science and coral 
reefs ,but a peculiarly Austral ian one, tempered w i t h a lacon­
ic cheek that infur iated the establishment. 

The origins of this are not hard t o f ind. He was born on 
the Western Coalfields of N e w South Wales, where his fa­
the r was a mine surveyor, of ten embroi led in sol i tary battles 
w i t h mine owners over safety in the pits. W i t h the b lood of 

Basque, Corn ish and Yorkshire miners f lowing in his veins, 
Bob's nature was never in doubt . He studied f i rst at the Uni­
versity Col lege in Armidale (now the University of N e w 
England) and then later at the Univers ity of Sydney in the 
war years, and came t o the not ice of the great Wi l l iam 
Dakin, the Professor of Zoology, as a 'boy w i th a real gift ' . 
There he began his l ifelong interest in tox icology, after 
not ic ing that the rabbits he hunted in the bracken c o u n t r y 
had tanned guts and high levels of gut cancer. 

9 
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Never a ' swot ' , Endean was often at odds w i th the univer­
sity author i t ies . In Armidale , when he and his fr iends were 
before a discipl inary commi t tee fo r discharging guns on 
campus,he created a'small explos ion ' using pistol caps in his 
defence. The commi t tee was glad t o let him off! Later in 
Sydney, he was nearly caught s iphoning off the V ice-Chancel ­
lor's precious war - rat ioned pet ro l for his 
m o t o r bike. Nevertheless, he obtained a 
f i rst class honors degree in zoology and a 
Univers ity Medal. He later completed a 
Master of Science at Queensland and a PhD 
at Sydney. Bob was also a f irst class sports­
man, playing both cr icket and footbal l , and 
later played cr icket fo r Somerset dur ing a 
sabbatical leave at the University of Br istol. 

Queensland must have been zoological 
heaven in the fifties, where Bob Endean was a freshly ap­
pointed lecturer at its only university. Forests and deserts, 
mangroves and estuaries, and above all, coral reefs — the 
greatest coral reef, the Creat Barr ier Reef — all beckoned 
the natural histor ian. Endean became absorbed by coral 
reefs, joining a list of bewitched scientists st retching back t o 
Darw in . He was one of the f i rst t o see reefs on thei r o w n 
terms, through the marvel of scuba. He was also one of the 
f i rst t o understand that the stunning var iety of life in t r o p i ­
cal waters was sustained by complex interact ions involving 
exot ic chemicals — venoms, g r o w t h inhibitors , att ractants 
and so f o r t h — evolved t o pro ject an organism's power over 
its neighbors. Indeed, nature had created the wor ld 's great­
est pharmacological storehouse on coral reefs. 

Dur ing the fifties and sixties, Endean w o r k e d assiduously 
building a br i l l iant academic career in this excit ing new area 
of 'drugs f rom the sea'. He played the major role in creating 
the inf rastructure fo r the wor ld 's f i rst serious laboratory -
based research on coral reefs by developing the Heron Is­
land Research Station. Dur ing this per iod, he was Secretary 
and, later. President of the Creat Barr ier Reef C o m m i t t e e — 
the ancestor of the present Austral ian 
Cora l Reef Society — a then venerable 
and staid scholarly body which p r o m o t ­
ed expedit ions t o the Reef in the grand 
t radi t ions of a bygone age. It also owned 
the Heron Island Station. He trans­
f o r m e d the C o m m i t t e e and found signifi­
cant funding for the Station f r o m the Swiss pharmaceutical 
giant, Roche, long before this so r t of entrepreneur ia l behav­
io r was fashionable (or even acceptable) in the groves of the 
academy. 

He also created an intel lectually f ree, perhaps bohemian, 
envi ronment at Heron Island far f r o m the stuffiness of the 
conservative campus, where he, his par tner in life and sci­

ence. Dr. Ann Cameron , and other f ree spirits could enjoy 
the i r research. Bob's performances at the Heron Island bar 
became the stuff of legend ... 

A r m e d w i t h his o w n grant f rom Roche, his laboratory in 
Brisbane began producing a stream of original research f r o m 
headline-grabbing w o r k on the venoms of the feared box jel ­

lyfish, stonefish and blue-r inged octopus t o 
more far-reaching w o r k on the t u m o r in­
hibit ing chemicals in some reef creatures. 
As the sixties marched on and the envi ron­
mental movement began its modern 
course, Endean became a public f igure, a re­
liable source of comment on the wonders 
of the Creat Barr ier Reef. W i t h Bob, the 
media were always assured of a headline o r 
TV grab, and on a s low news day, another 

s tory of the wonders f r o m the Reef. Dur ing this per iod. Bob 
forced the pace on coral reef research in Austral ia. He was 
instrumental in organizing the Second International Cora l 
Reef Symposium as President of the Creat Barr ier Reef 
C o m m i t t e e , the host organizat ion. The Symposium was held 
in 1973 aboard the Marco Polo cruising the waters of the 
Reef. This meeting f i rmly established the t rad i t ion of lead­
ing-edge mult idiscipl inary science that has come t o charac­
ter ize all later meetings. It was a key event in the h istory of 
coral reef science because it made apparent the scientific 
challenge of coral reefs, and brought together the key indi­
viduals w h o w o u l d later found the International Society fo r 
Reef Studies. 

He also w o r k e d w i t h the geologist O A Jones t o edit the 
four volume series. Biology and Geology of Coral Reefs, which 
was published by Academic Press between 1973 and 1977. 
These books and the 'Marco Polo Proceedings' became the 
vade-mecum fo r reef scientists before ou r journal Coral 
Reefs was bo rn . 

And his career could have cont inued t o develop on this 
conventional path t o academic honor had it not been f o r a 

spiny starfish he and the physician John 
Barnes found on the reefs at Creen Island 
near Cairns in 1964. This creature, the 
c rown-of - thorns starfish, was venomous, 
hence thei r interest. It was also interest­
ing in a new way: it ate cora l . In fact its 
numbers grew t o plague p ropor t ions and, 

over the next months, ate most of the coral on Creen Is­
land. 

Endean sounded the alarm, and was asked t o investigate 
by the Queensland Government . He r e p o r t e d in 1969 that 
plagues of the starfish had destroyed a large number of reefs 
in the Cairns region and the outbreaks were cont inuing t o 
spread. Reports of similar outbreaks began t o come in f r o m 

Bob's life was a ce lebrat ion 

o f c o m n n i t m e n t t o b o t h 

science and coral reefs, 

t e m p e r e d w i t h a laconic 

cheek t h a t infur iated t h e 

establ ishment. 

The scene was set fo r an o f ten 

b i t te r David and Gol iath 

struggle b e t w e e n Bob and t h e 

establ ishment. 
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o t h e r parts of the Pacific, and there was t remendous inter­
est in the media. Endean became a famil iar f igure on TV 
warn ing that the Reef faced a crisis. The Queensland and 
C o m m o n w e a l t h governments responded w i th an inquiry 
wh ich r e p o r t e d in 197! that the problem was greatly exag­
gerated. Bob retal iated, rubbishing the 
r e p o r t . The scene was set for an often 
b i t te r David and Col iath struggle be­
tween Bob and the establishment that 
cont inued unti l his death. 

The crisis t r iggered Australia's f i rst 
mass envi ronmental campaign, and an 
outbreak of br ight orange 'Save the Bar­
r ier Reef bumper stickers on the na­
t ion's car f leet. Governments responded t o this g rowing en-
vi ronmental i sm by establishing other commit tees and 
inquir ies. These recommended against oi l dr i l l ing on the 
Reef, and that it be made a national park. By 1975 both the 
Austral ian Inst i tute of Marine Science and the Creat Barr ier 
Reef Marine Park A u t h o r i t y had been established in 
Townsvil le as d i rect responses t o these pressures, even as 
the starfish outbreaks appeared t o be dying away. 

In 1979 the starfish outbreaks came back, and proceeded, 
once more , t o destroy many reefs, including those just re­
cover ing f rom the previous outbreaks. Again the issue f lared 
In the media, and again Bob was p i t ted against the establish­
ment, which had now grown its o w n inst i tut ional base. It 
was able t o hit back w i t h sober-sided author i t ies , even if 
they were no media match fo r Endean's laconic one-l iners. 
A n o t h e r inquiry was convened which carefully r e p o r t e d in 
1985 that perhaps, just maybe, there might be a prob lem. 

The establishment's admission was t o o l i t t le, t o o late f o r 
Endean w h o had by then developed his arguments further. 
The outbreaks, he claimed, were man- induced, were causing 
permanent degradation of the reef ecosystem, and major ef­
for t s should be made t o cont ro l them. These claims were 

far t o o hot t o handle by the establish­
ment which prompt ly parked them w i t h 
another advisory commi t tee . The o u t ­
breaks ate themselves ou t dur ing the 
next few years. N o w , as Endean feared, 
another series of outbreaks is underway 
on the Reef. 

Bob Endean, the pr ivate man, is sur­
vived by a daughter, Coral ie , f rom his 

f i rst marr iage. The public man also leaves a legacy. In his 
fo r thcoming b o o k ' W h a t is natural? Cora l reef crisis' (QUP, 
1998), the eminent histor ian Jan Sapp argues that the 
c rown-o f - tho rns crisis was the f i rst global envi ronmental 
issue. W i t h o u t Bob Endean, there may have been no crisis. 
W i t h o u t the crisis, the Reef wou ld not enjoy the inst i tut ion­
al and legal safeguards it now has. W h i l e it is now up t o o t h ­
ers t o ensure this legacy is p r o t e c t e d , Endean could say, w i t h 
that o ther outsider, the M o o r of Venice: ' I have done the 
state some service and they know' t ; N o more of that. ' 

Roger Bradbury, one of Bob's many former students, is the Chief 
Research Scientist with the Bureau of Resource Sciences, Can­
berra. An edited version of this obituary appeared in The Aus­
tral ian newspaper on 29 October i997 entitled 'Eco-warrior of 
the Great Barrier Reef. 

W i t h o u t Bob Endean, t h e r e may 

have been no crisis. W i t h o u t t h e 

crisis, t h e reef w o u l d n o t enjoy 

t h e inst i tut ional and legal 

safeguards it n o w has. 
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UPWELLINGS 

B O O M - B U S T C Y C L E S IN A C R O P O R A 
I found the art ic le " W h i t e band disease in the Florida Keys— 
a cont inuing c o n c e r n " (WF. Precht and R.B. A ronson , R e e f 
E n c o u n t e r 22: 14-16) of great interest. I have w o r k e d in 
the Florida Keys reefs since 1972 and consider the abun­
dance and disappearance of Acropora spp. to be a very inter­
esting and complex phenomenon. If one reads the publ ica­
t ions generated f r o m research and observat ions at the 
Carnegie Laboratory, D r y Tortugas f r o m the beginning of 
this century, there are several references t o epidemic losses 
of AXodrepore (=Acropora) cervicornis and M.palmata th rough 
environmental influences. For example, in 1878 the "b lack 
wate r event " (Feinstein et al. 1955) v i r tual ly el iminated all 
the Acropora spp. f rom D r y Tortugas reefs (Mayer 1902). 
However, there is some disagreement in this because Agas-
siz (1882) repor ted that A. palmata was c o m m o n seaward of 
Bi rd, Bush, and Long keys. In 1932, A. po/moto was still c o m ­
monly abundant seaward of Bird, Bush, and 
Long keys (Wells, 1932), but between 1932 
and 1977, the species vi rtual ly disappeared 
(Davis, 1982). The loss was approx imately 
f r o m 44 hectares in 1879 t o 600 m^ in 1976. 
In 1993, the remnant populat ion occupied 
an area of approximately 1,400 m^ Qaap and 
Sargent, 1993). 

As dramatic was the loss of A. cervicornis th roughout the 
Keys. A hypothermal meteorological event In 1979 devas­
tated the A. cervicornis populat ions. A resurgence fo l lowed 
the co ld-water stress, but in 1981, an epidemic disease se­
verely reduced populat ions th roughout the Florida Keys 
reefs (and other parts of the Car ibbean). In summary, the 
Acropora populations seem t o exhibi t boom-and-bust p o p u ­
lation dynamics. This is also apparent in the reef strata. Fol­
lowing a ship grounding (Mavro Vetranic, near Pulaski Shoal 
in the northeastern corner of D r y Tortugas) in 1989, we saw 
alternating strata of staghorn (A. cervicornis and A.proiifera) 
and head corals in the excavations created by the grounding. 

I examined the Wells and Hanna (1992) statement that 
there was 96 % cover on reefs in 1981. Thei r t e x t shows it 
t o be an anecdotal statement rather than being based on 
w h a t we nominally refer t o as a published study. Certain ly 
there were areas on some reefs that may have had 100 % 
e lkhorn (Acropora paimata) coral cover, such as Carys fo r t 
Reef off Key Largo; however, that was not the general case 
for the major i ty of Florida Keys reefs in 1981. There is no 
debating the loss of coral cover at Grecian Rocks that Cene 
Shinn documented w i t h a series of excel lent photographs. 

The loss was very disturbing. However, there are o t h e r 
reefs in Florida Keys that still have moderate A.po/mato p o p ­
ulations. 

The wh i te band disease that infects Acropora spp. was 
studied by Peters et al. (1983). They tentat ively identi f ied 
the pathogen as a gram-negative, rod-shaped bacter ium. 
Several species of damsel fish have probably had as i m p o r ­
tant a role as the wh i te band disease in the loss of A. paimata 
and A. cervicornis in the Florida Keys reefs. These highly 
abundant fish systematically destroy coral tissues, and thei r 
impact is substantial on A. cervicornis and A. paimata. They 
st imulate algal g r o w t h on the areas of the coral that they de­
stroy by defending the algal patches f r o m herbivores. 

Is there hope that Acropora populations might recover? 
The evidence is mixed. West of Loggerhead Key, the evi­
dence is very negative, and the vast acreage described by 

Davis (1977, 1982) has not recovered. The 
area is now occupied by low mounds of A. 
cervicornis rubble. However, at W h i t e Shoal, 
northeast of Loggerhead Key, there are 
many areas that exhibi t healthy patches of A. 
cervicornis, staghorn coral . W e have o b ­
served one patch since 1989, and it has ex­
hibited consistent expansion th rough Sep­

tember 1997. The small remnant populat ion of A. paimata at 
D r y Tortugas has sustained its area fo r ten years, and re­
cruits appear t o sett le and survive. 

A n o t h e r encouraging outcome has fo l lowed t w o epidem­
ic sponge blights that ki l led vi rtual ly all the commercial 
sponges in Florida and the Bahamas in 1938-1939 and 1946-
1947. By 1967, commercial sponge harvesting off west cen­
t ral Florida, the Florida Keys, and the Bahamas had recov­
ered (Stevely et al., 1978), and is still viable. Sometimes 
invertebrate populations do recover f r o m epidemic dis­
eases. 
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D O N ' T S H O O T T H E S T O P L I G H T ! 

Disease?...parrotfishes?...disease and parrotfishes!? There is 
noth ing like controversy t o set the b lood of scientists racing 
and Rapid Wast ing Disease, alias Syndrome, has got scien­
tists, managers and public w o r k e d up into a f r o t h . People 
of ten complain that science works t o o 
slowly t o be of use t o management. They 
argue that we cannot afford t o wai t fo r 
r igorous studies t o be conducted and 
pass th rough the slowly gr inding mill of 
the scientif ic publishing process. N e w 
phenomena require immediate in terpre­
tat ion and possibly management act ion. 
But the faster we jump t o conclusions 
the more likely we are t o be w r o n g . 
Being w r o n g is the very stuff of science 
and fuels progress. But when scientific debates are conduct ­
ed in public and in advance of thorough data col lect ion and 
in te rpretat ion we risk harm t o our credibi l i ty and t o our 
abil ity t o manage complex ecosystems like reefs. 

The enormous publ icity that Rapid Wast ing Disease/Syn-
drome/Parrotf ish grazing has generated has spawned a reac­
t ion which I th ink none of the protagonists in the debate 
wou ld have expected o r wanted: if parrotf ish eat corals then 
we must kill them t o save the reefs. Through this inexorable 
logic, p rotect ing fish f rom spearfishing, which is what marine 
parks like the excel lent one in Bonaire do, has caused coral 
damage and therefore banning spearfishing was wrong. 
Spare a thought fo r the reef manager caught in the crossfire. 
Saved f rom the knife of coral disease, perhaps, only t o f ind 
themselves th rus t into the flames of a spearfishing debate. 
In presenting ou r research t o the w o r l d we must take the 
t ime t o explain clearly ou r uncertaint ies, and the i r impl ica­
t ions fo r management. 

Despite its problems, Bonaire has some of the most mag­
nif icent coral reefs remaining in the Caribbean (Roberts and 
Hawkins 1994). Like o t h e r places it has suffered coral dis­
ease outbreaks and a sea urchin die-off, but coral cover re­

mains exceptional ly high. W h a t sets 
Bonaire apart though is its fish commun i ­
ties. Thanks t o a very low level of fishing 
ef for t , the island has spectacular fish 
stocks, parrotf ishes included. Some par­
rotfishes enjoy a bit of coral for hors 
d'oeuvres, but most of the t ime they eat 
algae, helping take up the slack the loss of 
sea urchins has created. Th roughout the 
Caribbean people are work ing hard t o 
emulate Bonaire's management success 

by creating marine reserves closed t o fishing t o rebui ld fish 
stocks, especially herbivores that can help cont ro l algal 
g r o w t h . Parrotfish are not the villains of the piece. Instead, 
the i r abundance and r ichly interest ing behaviour in Bonaire 
are a cause fo r celebrat ion. 
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M A R I N E S P E C I E S IN T R A D I T I O N A L M E D C I N E 

I was glad t o read Chuck Birkeland's art ic le on disposable in­
come in Asia and its effects on coral reef resources (Reef 
E n c o u n t e r N o . 22 : 9-13) . I w o u l d certainly agree that 
economic g r o w t h in China (and previously in Asia in gener­
al) is putt ing new pressures on marine resources, and thank 
him fo r raising the issue. 

My activit ies in seahorse conservat ion make it appropr i ­
ate fo r me t o respond specifically t o Birkeland's comment 
about Asian use of seahorses, as this was somewhat 
provocative and could be counterproduct ive in conserva­
t ion terms. C o n t r a r y t o his impl icat ion, seahorses are not 
used solely as aphrodisiacs. In Hong Kong 
SAR and mainland China, they are pr imar­
ily used in t radi t ional Chinese medicine 
(TCM) t o t reat asthma and other respira­
t o r y disorders. There and elsewhere, 
seahorses are also incorporated into 
remedies fo r arter iosclerosis, impotence, 
thy ro id disorders, skin ai lments, heart disease, and incont i ­
nence. And yes, they are also used as aphrodisiacs. But we 
w o u l d be il l-advised t o dismiss this range of medical cond i ­
t ions as mere " f r ivo l i t ies " o r t o imply that seahorses were 
somehow used in " h o a x " t reatments . 

Conservat ionists have commonly not done a very good 
job of communicat ing thei r concerns t o ethnic Chinese and 
other t radit ional medicine users in terms that are clear and 
believable (Parry-Jones andVincent , 1998). N o r have we lis­
tened ter r ib ly wel l . Mis interpretat ion of T C M and its c o n ­
sumption patterns tends t o anger ethnic Chinese w h o are 
t i red , fo r example, of hear ingWesterners describe rh inocer­
os horn as an aphrodisiac when it is in fact used pr imar i ly fo r 
l i fe-threatening fevers. T C M is recognised by the W o r l d 
Health Organisat ion as a valid f o r m of health care, is t rus ted 
by one-quarter of the wor ld's populat ion and has a long and 
distinguished history. Qu ick assessment of t radi t ional m e d ­
icine practices as nonsense certainly closes avenues of c o m ­
municat ion. Moreover, it may lead us t o miss useful reme­
dies. Western medicine continues t o benefit f rom advances 
made i n T C M , f o r example, by adopt ingAr temis in as an ant i ­
malarial drug and ephedrine for the t reatment of asthma; 
both have long been used in T C M . 

Al l that notwithstanding, we do need t o understand how 
T C M consumpt ion patterns - and Asian economic changes -
are affecting marine species. For some species, at least, de­
mand exceeds supply and wi ld populations are at risk (Vin­

cent, 1996). Despite possible conservat ion threats, the use 
of marine species in t radi t ional medicine has been neglected 
as at tent ion has focused predominant ly on large mammals. 
Yet hundreds of marine species have been recorded in the 
T C M pharmacopeia alone (Tang, 1987), although the i r cur­
rent use remains uncertain. 

Q n I June 1998, we wi l l launch a new init iat ive in Hong 
Kong t o gain a bet ter understanding of the use of marine 
species in T C M , t o document thei r t rade and t o p r o m o t e 
wise management of the i r exp lo i tat ion. In addi t ion, a sym­
posium on "The use and management of marine species in 

t radi t ional medic ine" wi l l be held in 
Cebu, Philippines in July 1998. It wi l l draw 
together fishers, t raders , aquacuitur ists, 
social workers , T C M pract i t ioners , and 
conservationists, pr imari ly f rom around 
Asia. In suppor t of these and future activ­
ities, we wou ld be grateful f o r any infor­

mat ion on the use of marine species in any f o r m of t r a d i ­
t ional medicine. 

A pro ject is also underway t o gather in format ion on ex­
t raord inary fisheries, essentially those where the targeted 
finfish species is/are not used for dead table f o o d . Dr. 
Yvonne Sadovy (Univers ity of Hong Kong) and I are keen t o 
obtain even anecdotal comments o r vague hints about fish­
eries fo r live f o o d , medicines, bait, cur ios, cosmetics, re­
search, mar icul ture seed, the aquarium t rade, o r anything 
else of that ilk. Suggestions of data sets are, of course, par­
t icular ly we lcome. 
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SPYHOPPER 

I N T R O D U C I N G - SPYHOPPER 
My d ict ionary tells me that the meaning of the w o r d ' s p y h o p ' 
means t o poke one's head above the surface of the w a t e r t o 
have a quick look around. H o w appropr iate then fo r a 
columnist intending t o take a different perspective on t o p i ­
cal issues in the human w o r l d of coral reef research. 

Spyhopper notes w i t h interest the recent development 
of coral cult ivat ion techniques which should in theo ry make 
it possible t o replenish o r re-seed reefs depleted by envi­
ronmenta l degradation o r worse , the actions of coral pluck­
ing aquarium enthusiasts. But it's a short step f rom coral 
cult ivat ion t o the 'c reat ion ' of art if icial reefs and general 
back slapping about just how 'envi ronmental ly f r iendly ' such 
a technology I s . 'Good in t h e o r y ' could easily be subverted 
into yet another prof i t generating scheme for ent repre­
neurs and feel -good environmental ists w i t h a quick f ix ' in ­
surance pol icy' leading t o complacency in the public at large. 

Surely t o ensure reefs survive into perpetu i ty we must 
p r o t e c t the ones we have, not invest in new creations. O n e 
way is t o prevent all those nasty C r o w n o f T h o r n s Starfish 
f r o m munching ou r lovely coral . Spyhopper observes there 
Is no t roub le gett ing the public behind this issue. W h a t 
could be more disgusting than the idea of a creature that re­
gurgitates its stomach over its v ict im, spits acid digestive 
juices over it, sucks living tissue f r o m the bones of its prey. 

then swallows its stomach again before heading off fo r the 
next kil l. 

W h y not have squads of avenging divers removing C O T 
infestations f rom reefs before selling the harvested starfish 
t o the cur io t rade o r the luxury food market (someone o u t 
there must eat them!)? W i t h inventive market ing, perhaps 
they could challenge the attractiveness of natural C O T 
predators t o the self same trades (attractiveness which is 
probably part ly t o blame in the f i rst place). 

A n d another thought—has it gone unnot iced by readers 
that there are few col lective nouns fo r the denizens of coral 
reefs? Schools of fish! I hear you all cry, but Is that the best 
we can manage? There is no denying the poet ry of col lect ive 
nouns in ter rest r ia l systems. The imagination is f i red far 
more by a 'skein of geese veil ing the sky' than 'a big f lock of 
geese flapping about ' . Spyhopper w o u l d like t o know if any 
readers have any part icular ideas for col lective nouns, but t o 
get you going, a few suggestions. A cluster of starfish, a f lock 
of parrotf i sh, an army of urchins, a band of hermit crabs, a 
carousel of Hippocampus, a risk of lobster, an audience of 
clams. Get those letters in, and a prize fo r the most inven­
t i v e . . . 

Spyhopper 

NEWS. 

M O L E C U L A R M A R K E R S F O R C R O S S B O U N D A R Y M A N A G E M E N T 
Cora l reef fish and invertebrate genetic in format ion may be 
used t o address management questions fo r populations o r 
reef systems. In recent years, in format ion f r o m mating sys­
tems, sources of migratory individuals and the analysis of 
populat ion st ructures based on molecular genetic markers 
(e.g. isozyme and D M A material) have had a significant im­
pact on the management of pelagic fisheries resources. Is it 
possible t o use these same methods on coral reef re­
sources, mainly t o complement ecological studies and as a 
guide fo r resources management? 

The Population Interdependencies in the South China 
Sea Ecosystems o r PISCES pro ject is an init iative along these 
lines. PISCES is an at tempt t o apply the t h e o r y and techno l ­
ogy of molecular genetic markers t o the management ques­
t ion of coral reef resources sharing between Malaysia, In-, 
donesia, the Philippines, V ietnam, Taiwan and the Solomon 

Islands. PICSES was p r o m p t e d by the growing need f o r in­
fo rmat ion on the interdependent nature of the reefs in the 
area. 

O n average, over 60% of the larvae f rom organisms in 
coral reefs remain in the pelagic phase fo r at least 21 days 
before they recru i t into an exist ing populat ion. Given the 
magnitude and d i rect ion of the surface cur rent patterns, this 
per iod allows t ranspor t of juveniles across count ry bound­
aries. Yet the extent and d i rect ion of movement is no t very 
clear. 

O u r model of reef interdependencies wi l l be based on 
genetic in format ion f rom populations of three species of 
reef fish and one invertebrate. These are Heniochus acumi-
natus, Thaiassoma hardwicke and Dascyiius trimacuiatus and 
the starfish, Linckia iaevigata. These species are ubiquitous 
w i th in the w ide lat i tude covered by the study, and are sub-
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jects of ongoing research in the col laborat ing inst i tut ions. 
Aside f rom developing a model on reef interconnect iv i ty , 

the pro ject provides an o p p o r t u n i t y f o r the part ic ipat ing in­
st i tut ions t o relate thei r cu r rent research (e.g. investiga­
t ions on reef fish recru i tment , d i s t r ibut ion in relat ion t o 
pol lut ion activit ies, env i ronment gradients, etc.) t o the 
study and t o avail themselves of t raining. Though very l imit­
ed in its scope and part ic ipat ion, the pro ject is a major s tart 

towards regional cooperat ion and management of coral reef 
resources. 

For further information contact: Maria Carmen A.Abian, PiSCES 
Project Coordinator, internationai Center for Living Aquatic Re­
sources Management (iCLARM) MCPO Box 263 i, 07 i 8 Makati, 
Metro Maniia, Phiiippines. Fax: (632) 8 i 6-3183. E-maii: 
<m.abian@cgnet.com> 

T R O U B L E D W A T E R S 
The wor ld 's marine scientists have been instrumental in 
building awareness about the declining health of the sea, be­
cause they are knowledgeable witnesses t o changes f rom 
human activit ies. Troubled Waters : A Call for A c t i o n was ini­
t iated t o express this concern and suggest solutions t o po l i ­
cy makers and the public. Draf ted by El l iott Norse , Presi­
dent of Marine Conservat ion Biology Inst i tute, and 
amended by a number of leading marine scientists, the state­
ment made its debut at the Symposium on Marine Conser­
vat ion Biology held last June in V ictor ia , Brit ish Columbia. 
Beginning w i t h cl ipboards, tables and te lephone calls, the ef­
f o r t then zipped across the Internet t o f ind addit ional sup­
p o r t - a nerve had been struck. To kick off the International 
Year of the Ocean, MCBI released Troubled Water s t o a 
packed press r o o m in the Uni ted States Capi to l Building on 
January 6th w i t h over 1,600 signatures f r o m conservat ion 
biologists and marine scientists f r o m over 70 countr ies . 

Troubled Water s calls fo r immediate act ion by govern­
ments and peoples around the w o r l d towards implement ing 
five groups of recommendat ions : 

1. Identify and prov ide effective p ro tect ion t o all popula­
t ions of marine species that are significantly depleted o r de­
clining, take all measures necessary t o al low thei r recovery, 
minimize bycatch,end all subsidies that encourage overf ish­
ing and ensure that use of marine species is sustainable in 
perpetuity. 

2. Increase the number and effectiveness of marine p r o ­
tected areas so that 20% of Exclusive Economic Zones and 
the High Seas are p ro tected f r o m threats by theYear 2020. 

3. Amel io rate o r stop fishing methods that undermine 
sustainability by harming the habitats of economical ly valu­
able marine species and the species they use fo r food and 
shelter. 

4. Stop physical a l terat ion of ter rest r ia l , f reshwater and 
marine ecosystems that harm the sea, minimize pol lut ion 
discharged at sea o r enter ing the sea f r o m the land, curtai l 
in t roduct ion of alien marine species and prevent fu r the r at ­
mospheric changes that threaten marine species and. 
ecosystems. 

5. Provide sufficient resources t o encourage natural and 
social scientists t o undertake marine conservat ion biology 
research needed t o p rotect , restore and sustainably use life 
in the sea. 

Efforts t o implement these suggested solutions can be 
aided by taking the suppor t fo r Troubled Water s t o those 
that wi l l l isten. There have already been encouraging signs 
that this approach is effective. Uni ted States Representative 
C u r t W e l d o n (Republican f rom Pennsylvania), a champion of 
marine conservat ion w h o spoke at the news conference on 
January 6, later presented the 10-meter scroll w i t h the 
names of endorsers t o o t h e r Uni ted States lawmakers at the 
Year of the Ocean k ick-off in Washington D C . Then, in 
Stockholm, he presented the scrol l t o an internat ional 
meeting of government leaders at the Advisory C o m m i t t e e 
on Protect ion of the Oceans (ACOPS). In countr ies around 
the w o r l d , government agencies embroi led in discussions of 
marine conservat ion efforts have referenced Troubled W a ­
ters t o point ou t the need fo r st rong marine conservat ion 
policy. The International Year of the Ocean affords many 
more oppor tun i t ies t o highlight the w o r k of marine N C O s , 
government agencies, and citizens. 

The message of Troubled Water s is this: For humanity t o 
benefit f r o m the oceans in the futu re , we must change ou r 
ways today. The pr ior i t ies of governments around the w o r l d 
must be shifted t o pay much greater at tent ion t o improving 
ou r understanding and conservat ion of the marine env i ron­
ment. You can still add t o the m o m e n t u m by using the Trou­
bled Water s statement (posted on MCBI's web site 
<www.mcbi .o rg>) in pol icy meetings and discussions, public 
education and media alerts. As Sara Lour ie, a recent endors­
er w i th Project Seahorse of the Zoological Society of Lon­
don s ta ted , " ! fully endorse the points raised and agree that 
we must mobil ize people for a fundamental change in a t t i ­
tudes towards the oceans. T o m o r r o w is t o o late." 

Aaron Tinker, Program Assistant Marine Conservation Bioiogy in­
stitute, i5806 NE 47th Court, Redmond,WA 98052-5208 USA. 
Tei. i (425) 883-89 i 4 (office) 883-30 i 7 (fax) E-maii 
<atinker@u.washington.edu> web page http:llwww.mcbi.org 
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T O R T U G A S 2000 : P L A N N I N G F O R A N E W M A R I N E R E S E R V E IN 
T H E F L O R I D A K E Y S 

" The Tortugas, Florida, probably surpasses any o ther situa­
t i o n in the t ropical At lant ic , in the richness of its marine 
fauna and in natural advantages for the study of t ropical 
l ife..." (Mayer 1903). A l f red Goldsborough Mayer's observa­
t i o n about theTortugas w r i t t e n 95 years ago still holds t r u e , 
and is even more relevant today w i th the degradation of 
coral reef ecosystems in the Keys and around the w o r l d . 
However, one thing that hasn't changed much since the days 
of Mayer's Tortugas Marine Lab (1904-1939) and Louis and 
Alexander Agassiz'sTortugas explorat ions in the mid- t o late 
1800's is the relatively prist ine quality of the wate r and ma­
r ine resources of the region. It is fo r this reason that the 
Florida Keys Nat ional Marine Sanctuary (FKNMS) plans t o 
designate an area in the vicinity of the D r y Tortugas as an 
ecological reserve in the year 2000. The FKNMS is one of 
twelve Nat ional Marine Sanctuaries in the Uni ted States 
designated t o p r o t e c t significant natural and cultural re­
sources, and Its 'no- take ' zone n e t w o r k is the largest in the 
USA. 

I C O M P L E A T I 
R E E F E N C O U N T E R 

No . 23 

Generat ions o f Japanese nnedicine men have 

test i f ied t o t h e benefits o f dr ink ing fluids i m ­

pregnated w i t h mineral r ich coral sand. N o w 

you can buy coral sand, f a r m e d in Japan under 

t h e str ict supervis ion o f g o v e r n m e n t inspectors, 

t o t reat y o u r hiatus hernia, r h e u m a t o i d arthr i t i s , 

gastroenter i t i s , cataracts, u lcerat ive colit is, hy­

peracidity, oh yes, and indigest ion. "I was skept i ­

cal, bu t it really is a miracle c u r e " said Peter Gal -

bra i th , an os teoar th r i t i s sufferer f o r I 2 years. 

Reef Encounter w o n d e r s w h e t h e r an unprece­

d e n t e d o u t b r e a k o f indigest ion amongst 

Gar ibbean Parrotf ishes might not have a l o t t o 

answer f o r . . . 

Extracted from an Advertiser's announcement in 

The Northern Echo. 12 Aug. 1997. 

TheTortugas are a remote area located 112 km west of 
Key Wes t and over 224 km f rom mainland Florida. The 
clearest and cleanest waters in the Florida Keys archipelago 
bathe its coral reef, hard b o t t o m , and seagrass communit ies . 
The area is vi rtual ly a swir l ing v o r t e x of marine biodivers ity 
fueled by the Gulf Stream, one of the wor ld 's strongest cur ­
rents. Based on recent research by Roberts (1997) theTor ­
tugas has a high potent ia l f o r receiving larvae f rom a wide 
area in the Caribbean as wel l as expor t ing larvae t o a large 
area including the ent i re Keys archipelago and the east 
coast of Florida. 

This plan, called Tortugas 2000, began in Apr i l w i th an 
Ecological Character izat ion Forum and meeting of theTor ­
tugas W o r k i n g Group. The work ing group is charged w i th 
developing boundary alternatives and a draft Environmental 
Impact Statement for theTortugas reserve. Th roughout the 
summer the work ing group wi l l gather ecological and so­
cioeconomic in format ion on the area f rom knowledgeable 
locals and scientists, develop cr i ter ia fo r the reserve, and In 
the fall s tart t o draft boundary alternatives fo r public c o m ­
ment. 

Ocean zoning (e.g. marine reserves) is increasingly be­
coming a prefer red management opt ion fo r protect ing in 
situ biodivers i ty and, in some cases, fisheries. This move­
ment t o w a r d reserves represents a significant evolut ion in 
our th ink ing about ocean conservat ion because it is a pre­
caut ionary approach that expl icit ly recognizes uncertainty 
in ou r abil ity t o predict nature (see Ludwig et al. 1993; 
Roberts and Polunin 1993; and Pauly et al. 1998). TheTo r tu ­
gas ecological reserve wi l l p r o t e c t biodivers ity in the area, 
maintain ecosystem integrity, and act as a reference site t o 
help scientists discr iminate between natural versus human-
induced changes t o the Keys ecosystem. 
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For more information on the Tortugas Ecoiogicai Reserve, con­
tact Joanne Deianey and Ben hiaskeiiTei. (305) 743-2437 Fax: 
(305) 743-2357 E-maii: <bhaskeii@fknms.nos.noaa.gov> or 
visit theTortugas 2000 website at:www.fpac.fsu.edultortugas. 
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CURRENTS 

R A P I D W A S T I N G S Y N D R O M E O R 
C O R A L P R E D A T I O N B Y S T O P L I G H T P A R R O T F I S H ? 

Andrew W. Bruckner and Robin J. Bruckner 

There is a general consensus among marine scientists that 
coral reefs are being degraded at an alarming rate. Since the 
f i rst published account of coral disease 25 years ago, the in­
cidence of coral disease and associated coral mor ta l i ty has 
escalated significantly (Santavy and Pe­
ters , 1997). In addit ion t o an emergence 
of new coral diseases observed in the 
past decade, many diseases are appearing 
at a greater frequency, over a w ider d is t r i ­
but ion , and among species thought t o be 
resistant t o diseases (Anonymous, 1996; 
Bruckner and Bruckner, 1997a,b; Richard­
son et al., in press; Santavy and Peters, 1997). A l though coral 
diseases are now receiving greater at tent ion f r o m the scien­
tif ic community, most diseases appearing on coral reefs have 
not been thoroughly character ized, and thei r et iologies, in­
cluding the causative agent, of ten remain unknown (Peters, 
1997). 

The three morphotypes of star coral (Montastraea annu­
laris, M. faveoiata and M. franksi) are the dominant massive 
reef-builders on most Caribbean reefs. Th roughout the i r 
range, they are susceptible t o chronic part ial mor ta l i t y f r o m 
disease (black-band, wh i te plague, and yel low-band dis­
eases), predat ion by coral l ivorous molluscs and fish, algal 
lawns created by damseiflsh,and progressive ove rg rowth by 
macroaigae and bioeroding, encrust ing invertebrates (San­
tavy and Peters, 1997; Bruckner and Bruckner, i997b,c) . in 
the journal Science a sidebar ent i t led " N e w Caribbean Cora l 
K i l ler " (June 26, 1997) featured a colony of Montastraea an­
nularis w i t h tissue loss and skeletal dest ruct ion extending in 
a na r row str ip along the convex, uppermost surface of the 
cora l . This damage was at t r ibuted t o a new coral disease 
which was predicted t o become a major source of coral 
mor ta l i t y in the Caribbean in the next year (Cerv ino et o/., 
1997). 

Cerv ino and Coreau f i rst Identif ied colonies of Montas­
traea spp. and Coipophyiiia natans (brain coral) w i th this sup­
posed new disease in 1997 on southern Caribbean reefs, 
and hypothesized that it spread over 9000 km t o distant lo­
cations in the Caribbean wi th in six months (Cerv ino et al.. 

1997). This syndrome was named " rap id wast ing disease" 
(RWD) because of the rapid rate of tissue dest ruct ion c o m ­
bined w i t h concur rent "d i s so lu t ion" of the t o p layers of cal­
cium carbonate skeleton, in affected colonies, live tissue 

fo rmed a sharp boundary w i th areas de­
nuded of tissue and upper layers of skele­
t o n ; exposed skeletal surfaces were de­
scribed as crumbly t o the touch , and 
appeared as if concent rated acid had been 
poured on them (Cerv ino et o/., 1997). 
"Rapid wast ing disease" (recently re­
named Rapid Wast ing Syndrome, RWS) 

was presented as a new phenomena unknown f rom reefs in 
the western At lant ic before December 1996. 

Field observat ions by ourselves and others concluded 
that this damage results f rom overlapping bites by stopl ight 
parrotf i sh Sparisoma viride. Several factors Immediately lead 
us t o believe that parrotf i sh bites were mistaken for a new 
coral disease: . 

• Rapid wast ing syndrome had been character ized by re­
moval of tissue and the t o p layers of the skeleton whi lst 
all known coral diseases damage coral tissue alone. 

• Elevated por t ions of Montastraea spp. colonies are part ic­
ularly affected whi lst live, apparently healthy tissue always 
remains w i th in depressions and at the base of affected 
lobes. 

• Cora l tissue at the margin of the t issue-denuded, abraded 
skeleton appears fully pigmented and does not exhibi t any 
signs of disease o r necrosis. 

• Calcium carbonate skeletal fragments may be found on o r 
near affected corals. 

• Extensive damage occurs in areas w i t h a high abundance 
of large, te r r i to r ia l stopl ight parrotf i sh, and does not en­
compass the ent i re vert ical d i s t r ibut ion of the corals. 

• It Is physiologically unlikely that any microorganism could 
maintain a low pH adequate t o dissolve such large quant i ­
ties of calcium carbonate In the presence of seawater. 

These conclusions are supported by studies of the b io lo-

Several factors immediate ly 

lead us t o bel ieve t h a t p a r r o t ­

fish bites w e r e mistaken f o r a 

n e w coral disease 
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gy and ecology of S. viride f r o m Barbados, Bonaire, and the 
Virgin Islands where stopl ight parrotf ish have been o b ­
served t o create large lesions on colonies of M. annularis 
since at least the late I970's (Frydl, 1979; Bruggeman et 
ai., 1994;Van Rooij et al., 1996; Bythell et al., 1993). 

F e e d i n g m o d e and d ie t of par rot f i sh 

The parrotf ish (family Scaridae) are an abundant group of 
herbivorous reef fish w i th fused, beak-l ike jaws used pr imar­
ily t o graze epil ithic algae f rom reef substrata. Two dist inct 
groups have been distinguished, scrapers 
and excavators, based on the morpho logy 
of the i r jaws and the i r behavior (Bell-
w o o d and Choat , 1990). Excavating 
species take fewer bites per minute when 
compared t o scrapers; thei r bites are 
slower, and involve deep gouges of the substrata which 
of ten leaves dist inct scars. Bel lwood and Choat (1990) 
noted that excavating parrotf ish pr imar i ly bite convex sur­
faces, wh ich may have a significant impact on the t o p o g r a p h ­
ic complex i ty of the reef s t ructure. 

A l though parrotf i sh are widely recognized as a major 
component of the herbivorous reef fish community , certain 

1 ^ 

Figure /. S. vir ide.A large terminal phase male biting a lobe of 
M. annularis.Th/s fish returned to this lobe 14 times during a 60 
minute dive, taking one or more bites on each visit. 

species have been known t o bite live coral fo r over 100 
years (Frydl, 1979) and parrotf i sh predat ion on corals was 
recorded by Darwin . In Austral ia, over 50% of the diet of 
one species of parrotf ish {Bolbometopon muricatum) consists 
of live coral ; o the r Indo-Pacific parrotf i sh species occasion­
ally graze cora l , and include both excavators and scrapers 
(Bel lwood and Choat , 1990). Researchers in the Caribbean 
r e p o r t four Scorus species which occasionally bite live coral . 
Extensive feeding on live coral is l imited t o adult S. viride. 
Large initial phase (IP) and te r r i to r ia l terminal phase (TP) S. 

viride graze predominant ly on M. onnu-
iaris, M. faveoiata, C. natans and Porites as-
treoides, and less f requent ly on Acropora 
paimata, Agaricia agaricites, Dipioria spp., 
Eusmiiia fastigiata, Madracis mirabiiis, M. 
cavernosa, P. porites, Siderastrea siderea, 

Stepbanocoenia intercepta and the hydrozoan Miiiepora spp. 
(Frydl, 1979; Bruckner and Bruckner, in press). 

S. viride employ an excavating feeding mode, wh ich leaves 
deep grazing scars on l imestone substrates. In Bonaire, 
Bruggemann et ai. (1994) noted that S. viride graze on algal 
tu r f associated w i th dead cora l , w i t h 9.3% of the bites by 
te r r i to r ia l TP males taken f r o m living corals, pr imari ly M. an­
nularis. Individual fish re tu rned t o the same coral t o bite re­
peatedly, creating conspicuous wh i te spots on the upper 
surfaces of lobate colonies. W h i t e spot marking by S. viride 
occur red near t e r r i t o r y boundaries, and was hypothesized 
t o funct ion in consol idating social interrelationships be­
tween conspecifics (Bruggemann et ai., 1994). 

I m p a c t of S. viride on Al. annularis 

Predation by stopl ight parrotf i sh was the most serious 
cause of chronic coral tissue loss t o M. annularis in the U.5. 
Virgin Islands (Bythell et ai., 1993). These authors d o c u ­
mented that parrotf i sh grazing on live coral affected over 
10% of the surface area of individual genets and 25% of the 
m o n i t o r e d colonies dur ing a one year per iod fo l lowing Hur­
ricane Hugo. In the Florida Keys, 5hinn (1989) recognized 
head corals w i t h lesions caused by the bites of parrotf ish at 
an abundance that outnumbered abrasions made by divers. 
Frydl and 5tearn (1978) concluded that stopl ight parrotf ish 
were the only species that caused significant bioeros ion in 
Barbados. Damage was most apparent on M. annularis, 
where S. viride created grazing scars f r o m I t o 200 cm^ in 
size, usually fo rming a nar row band (approx. 3 cm wide) that 
fo l lows the natural contours of the lobe (Frydl, 1979). A l ­
though obvious grazing scars are not always apparent in low 
density coral skeletons such as M. annularis, Frydl (1979) re­
p o r t e d that the w i d t h and shape of the excavations c o r r e ­
sponds closely t o the dimensions and curvature of the beak 
of S. viride. Frydl (1979) concluded that repeated bites by S. 
viride on M. annularis may kill large parts of the colony, re-

C e r t a i n species have been 

k n o w n t o bi te live coral f o r 

over 100 years 
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Figure 2. M. annularis. Several lobes of star coral with recent lesions created by S.Viride, and signs of older S. v i r ide lesions. Stoplight 
parrotfish create large lesions on the upper surfaces o f M . annularis lobes removing tissue in a band, while rarely kiiiing the entire lobe. 
Although the coral never completely regenerated tissue over lesion, the coral continues to grow upwards, forming a donut-shaped rim of 
live tissue encircling the lesion. Because territorial parrotfish may live for up to 17 years, this makes the coral vulnerable to predation at 
a later date. 

tarding its g r o w t h , and thus having a profound effect on the 
shape of the coral heads. 

R e c e n t O b s e r v a t i o n s of Sparisoma viride b e h a v i o r 

Over the past year we have mon i to red S. v i r ide te r r i to r ies in 
Puerto Rico, Curacao and Bonaire t o quantify the extent of 
damage on live corals caused by repeated fish bites and t o 
determine the impact of this behavior on coral survivorship. 
Initially, we m o n i t o r e d colonies of Montastraea and 
Coipophyi i ia w i t h large, rapidly progressing lesions t o deter ­
mine if S. v i r ide were actively bit ing these colonies. In 
Bonaire we observed S. v i r ide approach and bite at the in­

terface between tissue denuded, eroded skeleton and un­
damaged tissue wi th in 15 minutes in over 90% of our ran­
domly chosen colonies. In all cases, a te r r i to r ia l TP 5. v i r ide 
t o o k one o r more bites f rom affected lobes every 1-15 min­
utes t h r o u g h o u t the day. TP fish often had a harem of IP fe­
males which also attacked fresh lesions, taking 1-5 bites per 
visit. Typically, IP fish approached corals more f requent ly 
thanTP 5. v i r ide, bit ing in a sequence which init iated w i t h the 
largest fish and progressed t o smaller individuals. Bites 
were concent rated in the same area on an individual lobe, 
w i t h skeletal dest ruct ion advancing in a band across the 
lobe. A f te r tissue and skeleton was removed f r o m the t o p 
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p o r t i o n of the lobe, fish focused on an adjacent lobe, repeat­
ing the process f o r several days t o weeks unti l mult iple 
lobes were damaged. O n occasion S. v i r ide preyed simulta­
neously upon several adjacent lobes on 
individual colonies, o r on mult iple 
colonies w i th in the i r te r r i to ry . Bites 
on live coral by TP males were often as­
sociated w i t h te r r i to r ia l interactions 
(chases) w i th conspecif ic TP fish, and 
occur red immediately before o r after 
spawning. In all mon i to red colonies of 
Montastraea spp., S. v i r ide never c o m ­
pletely ki l led the affected coral , and 
progressive recovery Is underway in all colonies we have o b ­
served fish t o b i te. These fish also bite C. natans, typically 
beginning at the edge of the colony, and removing coral tis­
sue and skeleton methodical ly in a band that advances 
across the coral ; occasionally they denude the ent i re colony 
(Bruckner and Bruckner, in press). 

The RWS researchers observed a fungus in some tissue 
samples removed f rom colonies character ized as having 
RWS. Cur rent ly the role of the fungus remains unknown, 
but our recent w o r k suggests that the damage at t r ibuted t o 
RWS occurs only dur ing daylight when 
S. viride are active. If a fungus was d i ­
rect ly Involved in this process. It is l ike­
ly that damage wou ld progress 
th roughout the evening. In C. natans and 
Montastraea spp., caging exper iments 
conclusively demonst rate that tissue necrosis and skeletal 
eros ion halt once S. viride are excluded. Fu r thermore, at­
tempts t o infect apparently healthy colonies by attaching tis­
sue and skeletal material removed f rom a region of active S. 
viride dest ruct ion failed t o init iate patterns of damage asso­
ciated w i t h RWS. Once parrotf i sh stop bit ing an affected 
lobe, exposed skeleton remains wh i te fo r several days and 
colonizat ion by f i lamentous algae is not immediately visible. 
Because the RWS researchers were unaware of the role of 
S. vin'de In these processes unt i l recently, tissue samples they 
analyzed may not have been taken f rom a region of active 
necrosis, and it is possible that the fungus identif ied in sam­
ples represents a secondary colonizer which invades the tis­
sue once the fish stop bit ing. 

Cora l -b i t ing parrotf i sh can be observed easily in Bonaire, 
where fish and coral populations have been p ro tected over 
17 years by the Bonaire Marine Park. Similar lesions have 
been found in o ther locations th roughout the western A t ­
lantic, however, and were repor ted in the l i terature fo r sev­
eral decades. Lesions by S. viride are highly aggregated and 
patchy, and some reefs exhibi t considerably higher rates of 
damage than others . It has not been conclusively demor i -

Cur rent l y t h e ro le o f t h e fungus 

remains u n k n o w n , but o u r recent 

w o r k suggests t h a t t h e damage 

a t t r i b u t e d t o RWS occurs 

only dur ing dayl ight w h e n S. viride 

are active 

S. viride rarely if ever cause t o t a l 

m o r t a l i t y t o Montastraea spp. 

st rated whether o r not the amount of damage can be d i rect ­
ly related t o the abundance o r biomass of S. viride, or the 
density of the i r te r r i to r ies . The abundance of macroaigae 

has Increased on many Caribbean reefs 
since the loss of the Impor tant herbiv­
orous urchin Diadema antiiiarum in the 
mid I980's. A greater biomass of algae 
may suppor t a larger populat ion of her­
bivorous fish such as S. viride; this may 
result in a greater number of fish per 
reef, a higher density of te r r i to r ies , 
more te r r i to r ia l interact ions, and c o n ­
sequently more te r r i to r ia l markings on 

live coral . 
It is impor tant t o note that S. viride rarely, if ever cause 

tota l mor ta l i ty t o Montastroeo spp. Cora l tissue always re­
mains in a band encircl ing the base of the colony. This tissue 
continues t o g row upward, but typically does not complete ­
ly regenerate over large lesions. In colonies which have old 
grazing scars, coral tissue eventually forms a steep-wal led, 
donut-shaped r im around the remnant of the scar, wh ich 
may make that colony att ract ive t o fish years later. The RWS 
researchers have recently acknowledged that Sparisoma viri­

de are responsible fo r the large lesions 
on colonies of Montastraea and 
Coipophyiiia, which they previously 
identif ied as a new coral disease. The 
abundance of l i terature document ing 
S. viride predat ion on corals clearly i l­

lustrates that this is not a new phenomena. Evidence that 
this process has occur red fo r decades is visible in the m o r ­
phology of the affected corals, and thus wou ld be preserved 
in the geologic record . 
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R E E F F I S H R E S P O N S E T O D I V E R S IN T W O ' N O T A K E ' 
M A R I N E R E S E R V E S IN H A W A I I 

Jim Bohnsack 

Most studies of diver carry ing capacity and impacts on coral 
reefs have concent rated on corals (e.g. Hawkins and 
Roberts, 1992: Rouphael and Inglls, 1997). W h i l e spearfish­
ing and other extract ive activit ies have been shown t o im­
pact populat ion abundance, size, and behavior (Bohnsack, 
l983:S luka and Sullivan, 1998), few studies have examined 
effects of non-ext ract ive diving activit ies on fishes. Caudian 
and Medley (1995) found l i t t le impact of divers on fishes in 
the Turks and Caicos and Pollard et ai. 
(1996) Indicated that spor t divers, w h o 
had "very l i tt le inst ruct ion o r advice ... 
on how t o behave amongst ... sharks", 
had minimum effects on the behavior of 
p rotected gray nurse sharks (Car-
charias taurus) at Seal Rocks, N e w 
South Wales, Austral ia. 

The Impacts of divers on fishes is part icular ly impor tant 
in 'no- take ' marine reserves, areas p rotected f rom fishing 
and o t h e r ext ract ive activit ies. Dr. Bill Ballantine, based on 
his 20 years exper ience w i th a no-take marine reserve in 
N e w Zealand where divers, snorkelers, and swimmers are 
very f requent, commented that " In places where fish have 
never been ki l led, they t reat human beings as they t reat 
cloud shadows" (Custait is 1996). Here I r e p o r t an informal 
test of fish responses t o divers at t w o extremes of diving in-

Previous exper ience indicated most 

fishes w e r e ex t reme ly shy and 

almost impossible t o p h o t o g r a p h 

w h e r e spearfishing o c c u r r e d 

tensity In Hawaiian no-take reserves. I hope these observa­
t ions may spur others t o undertake more formal and c o m ­
prehensive research. 

A 1996 work shop of the Marine and Coastal Ecosystem 
(MACE) D ic to rate of the U.S. Man and the Biosphere (MAB) 
program Included a one day visit t o observe t w o 'no- take ' 
marine reserves off Maui, Hawaii. The t w o sites represented 
extremes of v is i tat ion intensity. Molok in i Crater, declared a 

'no- take ' Marine Conservat ion D i s t r ict 
in July 1977, Is one of the most Inten­
sively used diving sites In Hawaii . Un­
published data show that over 700 
divers and snorkelers can be present at 
peak t imes In a day (Ernest. Reese, Uni ­
versity of Hawaii , pers comm.) . In c o n ­
trast, Koho'o lawe has been protected 

f r o m fishing and diver access since 1952. It began as a Navy 
bombing and target range and was returned fo r use by na­
t ive Hawailans under the Native Hawaii Island Commiss ion 
in 1991. Its p ro tect ion f r o m fishing and diving has cont inued 
because of hazards associated w i t h unexploded ordinance 
and cultural and religious t radi t ions that declared the island 
and surrounding area Kapu (off l imits). The only diving activ­
ity al lowed at Koho'o lawe was l imited t o permi t ted re­
search. 
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My previous exper ience in Hawaii indicated that most 
fishes were ext remely shy and almost impossible t o p h o t o ­
graph where spearfishing occur red. In Guam, even butter f ly -
fishes dove f o r cover o r departed when I a t tempted t o get 
even w i th in 4 t o 5 m. Based on these experiences, I had de­
cided just t o photograph habitat w i th a N i konousV camera 
and a 28 mm wide angle lens using natural l ight. A w ide angle 
lens is ideal fo r taking habitat pictures but is no t normal ly 
used t o take close up photographs of 
most fishes because the subject must be 
very close (<30 -50 cm). W h e n it be­
came obvious that I could get close 
enough t o get reasonable photographs, 
I shifted my emphasis t o fishes. 

In at tempt ing t o photograph fishes, I 
made informal observations of behavioral responses t o 
divers based on the i r react ion distances t o me. Reaction 
distance was defined as the closest po int of approach before 
an organism either t o o k shelter, f led w i t h increased swim­
ming speed, o r changed its o r ientat ion away f rom me. My 
goal was t o get a good lateral photograph of c o m m o n reef 
fishes. I approached slowly using a regular pattern of kicks 
whi le at tempt ing t o get as close as possible w i t h o u t a larm­
ing the subject. The closer that I approached, the larger the 
image. 

A t Koho'o lawe, we found the fishes 
t o be rather indifferent t o ou r pres­
ence. Since most of the t ime was spent 
wel l away f rom the research site, it is 
probable that many of the organisms 
encountered had l i t t le o r no previous 
exper ience w i t h humans. W h i l e snor-
keling, I was able t o approach wi th in 0.5 
m and photograph a wide var iety of 
c o m m o n reef fishes w i t h o u t apparent 
alarm, including many butterf lyf ishes and several b lue-spot­
ted argus grouper (Cephalopholis argus), a favor i te fishing 
target, that I had not seen on previous t r ips t o Hawaii ex­
cept In the p ro tected Hanauma Bay marine reserve. 

For over 20 minutes, approximately IS snorkelers fo l ­
lowed and closely observed a green sea tu r t le (Chelonia 
mydas) foraging under coral . Only when I was w i th in ap­
prox imately 40 cm did it respond t o me by turn ing its head. 
W h e n I moved away slightly, it resumed its foraging behavior. 
A t no t ime did it appear alarmed by our presence. In my ex­
per ience elsewhere, most sea tur t les quickly flee in the 
presence of a diver. Because of its small size (~ 2 4 " carapace 
length), there Is a reasonable chance that it was a resident 
and possibly had never previously encountered a human. 

Fishes at Molok in i C rate r had the same behavioral re­
sponse t o divers as at Koho'o lawe w i t h one major excep-

O n l y w h e n I was w i th in a p p r o x i ­

mately 40 cm did it respond t o me 

by tu rn ing its head 

Humans are n o w an interact ive p a r t 

o f t h e coral reef ecosystem. W e 

have an i m p o r t a n t ro le t o play, but 

h o w w e interact and w h a t o u r ro le 

wi l l be is still being d e t e r m i n e d . 

t i o n : when divers f i rst entered the water, a cloud of fishes 
Initially rose off the b o t t o m and sur rounded the divers c o m ­
ing w i th in an arm's reach. Divers commonly feed fishes at 
Molok in i and these appeared t o be looking fo r f o o d . Once 
they determined that we were not going t o feed them, most 
returned t o the b o t t o m and resumed w h a t appeared t o be 
normal behavior, essentially ignoring us fo r the rest of the 
dive. Again I was able t o closely approach and photograph 

most all observed species. 

Ballantine (1995, 1997) makes a 
st rong case that public access t o no-
take marine reserves is essential for 
Increased public understanding, appre­
ciat ion, acceptance, and support for 
marine conservat ion and marine re­

serves. Public access also can faci l i tate enforcement and dis­
courage poaching. Ballantine's quote about humans being 
no dif ferent than passing clouds Implies that divers can be 
accepted as just another fish in no-take zones. My observa­
t ions suppor t Ballantine's hypothesis. Most fishes al lowed 
divers t o approach wi th in less than a meter w i th no visible 
indication of alarm. Like a passing c loud, divers may start le 
o r el icit a response f r o m organisms when closely ap­
proached, but these impacts are inconsequential. Even the 
green sea tu r t le at Koho'olawe showed no response t o 

divers unless approached quite closely. 
In areas where spear fishing was prac­
t iced in Hawaii , Guam, and Fiji, I found 
it v i rtual ly impossible t o get near most 
fishes, including some of the same 
species. 

In conclus ion, the mere presence of 
people has negligible impact on the be­
havior of fishes and other marine o r ­
ganisms. It is the type of human act iv i ­

ty and behavior that are issues. W h i l e fish feeding clearly 
att racts fishes and alters the i r behavior, it did not appear t o 
be a problem except perhaps fo r an occasional bite on an 
unwary diver. Compared t o the impacts of people removing 
hundreds of mil l ions of tons of fish f rom the sea each year, 
the impact of fish feeding seems insignificant. 

N o b o d y questions that fact that human beings have ex­
panded into, and now are a " n a t u r a l " part of almost all te r ­
restr ial habitats. Likewise, it is t ime t o recognize that hu­
mans are now an interactive par t of the coral reef 
ecosystem. W e have an impor tant role t o play, but how we 
interact and w h a t our role wi l l be Is still being determined. 
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A n t h r o p o g e n i c p r e s s u r e s o n t h e c o r a l ree fs o f Tanzan ia a re 

h igh . O v e r - e x p l o i t a t i o n , d e s t r u c t i v e f i sh ing p r a c t i c e s , u n ­

p l a n n e d t o u r i s m a n d h igh s e d i m e n t a t i o n l o a d a re a m o n g s t 

t h e m o s t e v i d e n t c o n t r i b u t i n g f a c t o r s w h i l s t t h e p o o r e c o n ­

o m y and i n c r e a s e d h u m a n p o p u l a t i o n d e n s i t y a l o n g t h e 

c o a s t is an u n d e r l y i n g p r o b l e m . T h e r e is a c l e a r n e e d f o r a l ­

t e r n a t i v e s o u r c e s o f l i v e l i h o o d a n d e f f ec t i ve ways t o manage 

c o r a l r e e f r e s o u r c e s sus ta inab ly . M a r i c u l t u r e is b e c o m i n g a 

c o m m o n c o m p o n e n t in coas ta l z o n e m a n a g e m e n t in Tanza­

nia. 

E x p e r i m e n t s o n c o r a l c u l t u r i n g have 

been c o n d u c t e d in t h e C h u m b e M a r i n e 

Sanc tua ry , Z a n z i b a r d u r i n g 1 9 9 4 - 9 6 . T h e 

p r i n c i p a l o b j e c t i v e s have b e e n t o assess 

t h e p o s s i b i l i t y o f c u l t u r i n g f r a g m e n t s o f 

d i f f e r e n t s izes f r o m b r a n c h i n g c o r a l s , a n d 

t o assess t h e e f fec ts o f l es ions o n t h e 

u p p e r su r faces o n f r a g m e n t g r o w t h and 

s u r v i v a l . T h e idea b e h i n d t h i s w a s t o m i n i m i z e t h e damage 

caused t o t h e h a r v e s t e d c o r a l c o l o n y . Ins tead o f b r e a k i n g o f f 

m a n y smal l b r a n c h e s , i t may be b e t t e r t o b r e a k o f f a f e w 

l o n g e r b r a n c h e s w h i c h can be s u b - d i v i d e d i n t o s m a l l e r 

p ieces . T h e s e smal l p i eces w i l l t h u s have o n e su r f ace s u b ­

m e r g e d in c e m e n t a n d a l e s i o n o n t h e u p p e r su r f ace . T h e r e ­

su l t s i n d i c a t e t h a t t h e g r o w t h o f c o r a l f r a g m e n t s d o e s n o t 

s e e m t o be i n h i b i t e d by hav ing les ions o n t h e u p p e r s u r f a c e , 

and f r a g m e n t s as sma l l as t w o c m s u r v i v e and g r o w w e l l . 

H o w e v e r , m a n a g e m e n t aspec ts o f c o r a l c u l t u r e w a r r a n t f u r ­

t h e r analys is a n d t h e r e a re n o p lans a t t h i s m o m e n t t o i m ­

p l e m e n t t h i s in p r a c t i c e in Tanzania . 

C o r a l can be c u l t u r e d t h r o u g h e i t h e r f r a g m e n t a t i o n o r 

l a rva l s e t t l e m e n t o n t o a r t i f i c i a l s u b s t r a t e s . Pa r t o f t h e p r o ­

j e c t f o c u s e d o n seasona l i t y in r e c r u i t m e n t o f s c l e r a c t i n i a n 

c o r a l s in o r d e r t o i den t i f y an a p p r o p r i a t e season f o r s u b ­

m e r g i n g s u b s t r a t e s . P r e l i m i n a r y o b s e r v a t i o n s i n d i c a t e t h a t 

t h e r e is a seasona l t r e n d w i t h h i g h e r r e ­

c r u i t m e n t d u r i n g t h e w a r m e s t m o n t h s o f 

t h e year. 

C o r a l r e e f m a n a g e m e n t c o u l d b e n e f i t 

f r o m t h e use o f c u l t u r e d c o r a l s in m a n y 

ways . O n e idea m i g h t be t o c r e a t e a " c o r a l 

g a r d e n " f r o m w h i c h smal l b r a n c h e s a r e 

h a r v e s t e d and s u b s e q u e n t l y r e a r e d t o 

c o m m e r c i a l s izes. Uses m i g h t i n c l u d e ree f r e s t o r a t i o n , s u p ­

p l y i ng t h e a q u a r i u m m a r k e t w i t h c u l t u r e d i ns tead o f w i l d 

s p e c i m e n s , and e x p e r i m e n t a l r e s e a r c h . T h e m o s t ' e n v i r o n ­

m e n t a l l y s o u n d ' a p p r o a c h w o u l d be t o p u t o u t s u b s t r a t e s 

o n t o w h i c h c o r a l la rvae can s e t t l e . H o w e v e r , c o n s i d e r i n g 

Mariculture is becoming a com­

mon component in coastal 

zone management inTanzania 
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the l imited g r o w t h of newly sett led corals, perhaps a c o m b i ­
nation of both f ragmentat ion and sett lement enhancement 
Is necessary. For commercia l purposes, such as the aquari­
um t rade, guarantees fo r the authent ic i ty of sustainably cul ­
t u r e d corals must be developed. 

The intent ion is t o cont inue w i t h fu r the r studies c o n ­
cerning various aspects of coral cul tur ing and recru i tment 
on the coral reefs off Zanzibar. This w o r k was part ly p re­

sented at the 8th ICRS in Panama, June, 1996 and fu r the r 
data analysis is still underway. 

Christopher A. Muhando, University of Dar-es-Saiaam, institute 
of Marine Sciences (iMS), P.O. Box 668, Zanzibar,Tanzania. E-
maii: <muhando@zims.udsm.ac.tz> and Henrik Frankiin, 
Aquaria Water Museum, Faikenbergsgatan 2, S-i iS 2i Stock-
hoim, Sweden. E-maii: <henrik_f@aigonet.se>. 

C R O W N O F T H O R N S S T A R F I S H IN T H E W E S T E R N I N D I A N O C E A N 

M. Schleyer 

increasing numbers of c rown-o f - tho rns starfish (COTs) 
Acanthaster pianci are being found in the Indo-Pacific region 
(Engelhard 1996, Lassig and Engelhard 1994, Stump 1996). 
However, there appears t o be a gap in the in format ion pre­
sented by Lassig and Engelhard (1996) fo r the Wes te rn Indi­
an Ocean ( W I O ) . The Oceanographic Research Inst itute 
(OR!) in Durban has been involved in coral reef research in a 
number of areas in the W I O dur ing this decade and has en­
countered COTs outbreaks since September 1994. The fo l ­
lowing brief account summarizes these observat ions. 

OR! coral research started on the reefs in no r the rn 
KwaZulu-Nata l in 1991. Schleyer (1995) provides a review 
on the nature and extent of the reefs (Fig. I) wh ich are r ich 
in biodivers i ty but dominated by soft corals. The coral c o m ­
munit ies are at the l imits of the i r d i s t r ibut ion and are atypi ­
cal in communi ty s t ructure. N o COTs 
were initially found dur ing extensive 
surveys of these reefs but spor t divers 
r e p o r t e d thei r presence on the most 
heavily used reef at Sodwana Bay in 
1993. Outbreaks were also r e p o r t e d 
for this area in 1994. COTs were found 
by ORI divers in September 1994 at the 
start of a reef damage survey (Schleyer 
andTomalin submitted) and mon i to r ing has cont inued. His­
tor ical ly, COTs were seen in some numbers circa 1970 but 
were not encountered in the intervening years up t o the 
t ime of these records. 

The COTs outbreaks at Sodwana Bay were all found on 
Two-mi le reef (TMR), w i t h only a single 30 cm specimen 
found at Four-mile Reef (FMR). The COTs appeared t o ag­
gregate at the deeper fr inge of TMR (24-27 m) where the 
reef shelf emerges f r o m sediment covered bedrock (27-30 
m). Once aggregated, they moved o n t o the reef as a feeding 
party, tending t o move w i t h the generally st rong southward 
cur rent . 

W h i l e the hard coral genera Acropora, Montipora and Fun-
gia were initially favored prey of the COTs, even colonies of 
Pociiiopora, which are f requent ly avoided (Endean and 
Cameron 1990) were finally eaten. A few COTs stations 
were included in a survey of reef damage in the area (Schley­
er andTomalin submitted) and provided the highest levels of 
damage encountered. Soft corals also manifested severe 
damage, possibly result ing f rom the " f a l l - o u t " of digestive 
enzymes whi le the COTs were consuming adjacent hard 
corals, as no soft corals were observed being eaten. 

It was fairly easy t o locate the COTs In summer, but diff i ­
cult In w i n t e r when they appeared t o disperse. Field dissec­
t ions indicated that the i r gonads developed in spring and 
summer, reaching a peak in February, fo l lowed by greatly re­
duced gonads in March. These l imited observations suggest 

spawning does take place in South 
Af r ican waters and occurs in summer. 
The dispersion of the COTs as the 
summer (and the reproduct ive sea­
son?) passed gave the impression that 
the i r purpose in aggregating was f o r 
breeding rather than feeding. Scars 
were evident on the arms of some 
specimens col lected and a number of 

the COTs were regenerating arms; showing they are predat­
ed in South Afr ican waters . 

More recently, ORI staff found COTs feeding scars on 
Acropora austera on FMR and have received reports of COTs 
on a reef at Kosi Bay and on Leadsman Shoal and Al iwal 
Shoal (Fig. I ) . ORI staff also gathered evidence of COTs 
elsewhere In the W I O (Table I ) , although this list is not ex­
haustive. Poisoning w i t h sodium bisulphate was r e c o m ­
mended t o cont ro l outbreaks at Bazaruto Island and Sod­
wana Bay. Most of the COTs were physically removed by 
volunteers at Bazaruto w i th in a year (pers. obs.) but the 
conservat ion author i ty at Sodwana Bay, the KwaZu lu-Nata l 

These outbreaks are small, localized 

and Isolated. However , so are t h e 

reefs, and t h e damage is c o m m e n -

surately large and i m p o r t a n t 
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Figure I. The major coral reefs in South Africa are found in marine reserves (shaded areas), which include sanctuary areas (dark shad­
ing), in northern KwaZulu-Natal (A). Corals are also found in Aliwal Shoal (B) which is south of Durban and referred to in the text. 

Table I. ORI record of C O T S damage and outbreaks on reefs at other localities In te W I O . 

Date Locality Co-ordinates Depth (m) Observat ions 

Oct. '94 Two-mile Reef, Bazaruto Archipelago, 21 °48.6'S 

Mozambique 35°29.9 'E 
13 Observed +40 C O T S and extensive reef 

damage in a 70 min dive. Size estimated to 
be 30-35 cm. 

Feb.'96 Baixo de San Joao, Mozambique 26 °2 I . 5 ' S 

32°58.4 'E 
23 Observed 5 C O T S on severely damaged 

reef; measured one (58 cm) ; very little left 
alive on the reef. 

Feb.'96 Reef S of Baixo de San Joao, 

Mozambique 
26°24 . rS 
32°58.3 'E 

26 Observed considerable reef damage but no 
C O T S . 

Feb.'96 PontaTechobanine, Mozambique 26°37.8'S 
32°54.8 'E 

19 Observed no C O T S but very extensive 
feeding scars in a band through a bed of 
Acropora austera. 

Apr l l '97 "Nakuru Ga te " , Dahlak Archipelago, 
Er i t rea 

I 5 °4 I . 9 ' S 
39°55.0'E 

5 Observed 4 C O T S , ±20 cm in size. 

Apr l l '97 Entere Island, Dahlak Archipelago I5°38.5 'S 
39°53.6 'E 

9 Observed extensive damage but no C O T S ; 
only a few hard corals were left with few 
sponges, tunicates and soft corals . 
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Natu re Conservat ion Services, has decided upon a pol icy of 
cosmetic c o n t r o l only at intensively used dive sites, and t o 
date only research mater ial has been removed. 

A notable feature of these outbreaks is that they are 
small, localized and isolated. However, so are the reefs (Fig. 
I ) , a n d the damage is commensurately large and impor tant . 
Further in format ion is needed before recommendat ions can 
be made concerning the management of COTs in South 
Afr ica and the ORI has submitted a proposal for funds t o un­
dertake research on the dynamics of the outbreaks and sub­
sequent reef recovery. 
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E R R A T I C D I S T R I B U T I O N O F C R O W N O F T H O R N S S T A R F I S H ( C O T S ) 
A R O U N D O K I N A W A 

K. Reed 

Acanthaster pianci ( C r o w n ofThorns Starfish) outbreaks are-
ext remeiy er rat ic around the islands near Okinawa (Japan). 
Highly diverse scleractinian reefs w i th over 300 species of 
coral are found In these islands at ie Shima (no r th of Sesoko 
L), west of M o t o b u peninsula, and In the Kerama group of Is­
lands (west of Naha, Okinawa). The Kerama group is a p r i ­
mary tour i s t dive dest inat ion fo r mainland Japanese tour is ts 
as wel l as Amer icans work ing on Okinawa. 

Dur ing more than 300 dives at 34 dif­
ferent sites (26° 10' N t o 26°44' N on the 
East China Sea side of Okinawa, f rom 
Spring of 1993 th rough Spring of 1998) i 
have noted presence and absence of 
COTs. In general, reefs and islands sepa­
rated f r o m the main island of Ok inawa were minimally dam­
aged o r devoid of COTs, w i th the except ion of Minna Island 
between Sesoko i. and Ie Shima. However, adjacent t o O k i ­
nawa there are locally heavy infestations. The w o r s t damage 
and heaviest outbreaks of 30 t o 45 cm adult COTs were at 
Onna peninsula, Minna L, and south of O k u m a peninsula, in 
July i 995, both no r the rn and southern reefs of Minna Island, 
and southern reefs of O k u m a peninsula were devastated and 
numerous adult COTs were o u t in the open. Large numbers 
of adult COTs were also seen at Manzamo on n o r t h side of 

A n art ic le in t h e O k i n a w a T i m e s 

said 38,000 COTs had been 

co l lected in one day 

the Onna peninsula ( i 997 and 1998), Onna Son ( i 998), and 
Okinawa (1998). Though COTs have been r e p o r t e d f r o m 
Aka Jima in recent years, I have dove eleven islands In the 
Kerama group in 14 dif ferent months of the last five years 
and never seen a COTs on these reefs. Likewise, in six dif­
ferent months of diving at Ie Shima, I have never seen any 
COTs, though it is very close t o Minna I. which is tota l ly dev­
astated by COTs. 

The combined efforts of Japanese 
fishers associations and biologists in 
COTs eradicat ion efforts have yielded 
incredible culls of adult seastars in O k i ­
nawa in recent years. COTs are typically 
hand-col lected and destroyed on shore. 

An art icle in the Okinawa Times newspaper ( O c t o b e r 8, 
1996) said 38,000 COTs had been col lected in one day. The 
same newspaper (March 15, 1998) repor ted 273,800 COTs 
col lected by Onna f ishermen in I I months between late 
1996 through early 1998. The f ishermen did not use in­

jectable poison in the water, so as t o prevent col lateral dam­
age t o o ther reef animals. From 1970 t o i 983, approx imate­
ly i 3 mi l l ion COTs were destroyed th roughout the 700 km 
long Ryukyu archipelago (YamaguchI 1986). 

i have t r ied t o analyze rainfall data for cor re lat ion w i t h 
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t h e B i r ke land ' s ( 1 9 8 2 ) h igh is land h y p o t h e s i s . I e x a m i n e d 

p r e c i p i t a t i o n d a t a f o r c e n t r a l O k i n a w a f o r s ix yea rs b e t w e e n 

1991 a n d 1996. 1991 had t h e d r i e s t p r e - s p a w n i n g m o n t h s 

and 1992 t h e w e t t e s t s p a w n i n g season o f t h o s e s ix y e a r s . 

H o w e v e r , t h e e r r a t i c a p p e a r a n c e s o f t h e A. planci o u t b r e a k s 

o n O k i n a w a p r o b a b l y have m u l t i - f a c t o r i a l causes ; i.e., h u m a n 

d i s t u r b a n c e s ( such as a g r i c u l t u r a l / g o l f c o u r s e r u n o f f ) , n a t u r ­

al v a r i a t i o n in p r e c i p i t a t i o n b e f o r e and d u r i n g C O T s s p a w n ­

ing seasons , a n d n a t u r a l m e a n d e r s o f m a j o r o c e a n c u r r e n t s . 

I have w o n d e r e d a b o u t la rva l d i spe rsa l a n d p o s s i b l e 

m o v e m e n t o f a d u l t C O T s f r o m O n n a p e n i n s u l a t o o t h e r is­

lands . W i t h i n 8 k i l o m e t e r s o f a l m o s t any p a r t o f O k i n a w a , 

w a t e r d e p t h is a p p r o x i m a t e l y 6 0 0 m e t e r s . H o w e v e r , t h e r e 

a re sea f l o o r pa ths b e t w e e n M o t o b u pen insu la t o le Sh ima 

t h a t d o n ' t e x c e e d 4 2 m d e p t h , a n d t h e 4 0 k m t o t h e K e r a m a 

g r o u p o f is lands c o u l d be t r a v e r s e d o n t h e sea f l o o r f r o m 

N a h a , O k i n a w a w i t h o u t e x c e e d i n g 60 m e t e r s d e p t h . Scuba 

d i v e r s have seen C O T s in > 6 0 m n e a r Seragak i , O k i n a w a (R. 

F. B o l l a n d p e r s . c o m m . ) . In a d r i f t c a r d e x p e r i m e n t d e s i g n e d 

t o m o d e l d i spe rsa l o f c o r a l l a r v a e , a l m o s t t e n p e r c e n t o f 

1000 ca rds re l eased in f r o m t e n d i f f e r e n t s i tes o n A k a j i m a , 

in t h e K e r a m a s , w e r e r e c o v e r e d o n O k i n a w a a f t e r t r a v e l i n g 

a t least 4 0 k m ( K i m u r a e t a l , 1991) . O n e w o n d e r s if t h e 

C O T s l a r vae and s c l e r a c t i n i a n p lanu lae d r i f t a t s im i l a r leve ls 

in t h e w a t e r c o l u m n and w h i c h is m o r e c a r n i v o r o u s as t h e y 

g o t h r o u g h m e t a m o r p h o s i s ? 
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FEATURES 

REEF S C I E N C E : ASKING A L L T H E W R O N G Q U E S T I O N S IN A L L T H E 
W R O N G P L A C E S ? 

Robert W. Buddemeier and Robert A. Kinzie III 

As the present and probable fu ture ex tent of human impacts 
on the natural envi ronment of the planet become ever 
clearer and ever more fr ightening, issues, organisms, and 
ecosystems queue up for the i r tu rn in the conservat ion 
spotlight. Corals have become the "doe-
eyed invertebrates," and coral reefs are 
widely touted as "rainforests of the sea," 
in emulation of the terrestr ia l ecosystem 
best equipped w i th fan clubs, lobbyists, 
and websites. 

At tent ion t o environmental threats 
and to the imperatives for improved un­
derstanding, conservat ion, and resource 
management is unquestionably good. 
However, w i th this at tent ion come demands for popular ex­
planations and for management strategies and tactics that 
outstrip our understanding of the system we would save. 
Gaps in scientific understanding combine w i th ingenuous 
anthropocentrism and terrestr ia l biases t o produce con­
cepts of corals and reefs that no t only miss crit ical points, 
but also foster wel l - in tent ioned att i tudes o r actions that 
may actually be damaging t o reefs. 

Like the count ry music lament about the human tenden­
cy to be" look in ' fo r love in all the wrong places," this paper 
focuses on what we see as an unfor tunate preoccupat ion 
with research questions, subjects, o r sites that may be at­
tractive or have the sanction of t rad i t ion - but that offer us 
little potential fo r consummating a t ru ly product ive scientif­
ic relationship. 

T H E I S S U E S 

Both rediscovered wisdom and recent findings challenge 
long-standing assumptions about corals, reefs, and research 
strategies. We identify the fo l lowing 
critical issues: 

(1) Wha t exactly is meant by a 
"healthy reef", what condit ions foster 
"health", and how do we operat ional ly 
recognize "hea l th" o r "sickness"? 

(2) How do nutr ients interact w i th coral reefs, in sickness 
and in health? 

(3) The clonal nature and reproduct ive strategies of many 

With attention to environmental 

threats comes demands for 

popular explanations and for 

management strategies that 

outstrip our understanding. 

Sea level rise of a cm/year or 

more is a much more "normal" 

condition 

dominant reef organisms require substantial rethinking of 
existing models of the populat ion biology of these species. 

(4) Lability in the make-up and dynamics of the zooxan-
thel la-host relationship make extrapolat ions f rom static 

models of symbiosis questionable. 
(5) Models of carbonate chemistry 

and reef biogeochemistry on scales 
ranging f rom cellular t o global must be 
rethought, and more important ly, inte­
grated. 

In the sections that fo l low we discuss 
each of these issues, w i th examples and 
some of thei r implications. Following 
our theme, we identify specific "w rong 

quest ions" and "w rong places" — our nominations for the 
honky- tonks of coral reef science. 

T H E " H E A L T H Y " C O R A L R E E F C O M M U N I T Y 

Wrong places 
O u r present concept of what const i tutes a "healthy" reef 
may relate t o anomalous environments that are un impor­
tant on evolut ionary t ime scales. Reasons for selection of a 
part icular reef system for study typically do not emphasize 
"representat iveness"; rather, reefs have commonly been se­
lected because they are already impacted and therefore un­
healthy but wo r thy of concern (generally fo r management 
reasons), because they appear t o be examples of unimpact-
ed o r prist ine condit ions, o r because they are convenient 
(close t o laboratories and/or t ranspor tat ion facil it ies). 
These selection "c r i t e r i a " have provided a biased view of 
" n o r m a l " reefs and reef processes and may skew the con­
cept of reef health. 

Ato l ls and oceanic island o r shelf-edge reefs are often 
chosen t o represent archetypal reefs. 
This choice results in mature — possibly 
senescent — sea-level-limited reefs w i th 
substantial l imestone accretion being ac­
cepted as an "ideal." W i th in those envi­
ronments, we tend to become exci ted by 

annual sea-level changes of a few mm, because eustatic sea 
level has probably no t varied by more than a few meters 
over the past 5,000 years. In fact, a sea level rise o r fall of a 
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Figure I. Sea level and carbon dioxide fluctuations during the 
late Quaternary (lower graph) are typical of the last several mil­
lion years.The benthic area available for reef development (0 to 
-20 m depth range in the 0-30° plot, upper graph) is no more 
than 50% of the present value at"average" sea level, and may be 
as little as 10% at extreme lowstands. Factor-of-two COi fluctua­
tions drive carbonate saturation state changes that will cause 
community and organism calcification rates to change by tens of 
percent. 

cm/year or more is a much more "no rma l " condition (Figure 
I ) — and with this comes order-of-magnitude variations in 
the shallow benthic area on which reefs can develop. The 
suggestion that up to 40% of present reef area may be de­
graded beyond recovery within 20 years seems dramatic by 
present standards of "normality," but in the context of Qua­
ternary environments it actually brings the global inventory 
of reef real estate (Figure I ) somewhat c loser to the norm 
of the last 160,000 years! 

W e fixate on reef communit ies character ized by big car-

Like obesity, a massive reef accumulation 

may be the result of remaining stationary 

- for too long under good conditions 

bonate accumulations because: I . ) that is what we see now, 
although these accumulations result from recent anomalous 
sea-level history; 2.) that is what is best-preserved (rather 
than most representative) in the geologic record , and 3.) 
the geologists got there first and defined terms before the 
biologists woke up. These l imestone lumps may be extrane­
ous and even quasi-pathological features in terms of the bio­
logical propagation of species and communities over geo­
logic and evolutionary t ime. Like obesity, a massive reef 
accumulation may be the result of remaining stationary for 
too long under good condit ions. The focus on oceanic reefs 
in oligotrophic waters has led to the perception that reefs 
closely associated with continental margins are somehow 
second rate — but it has been postulated that much of the 
species diversity of corals is a consequence of shelf dynam­
ics .The "right places" to study the survival and dynamics of 
reef ecosystems are more likely to be the not-yet-reefs, the 
sort-of-reefs , and the used-to-be-reefs. 

Wrong Questions 
W r o n g questions f low naturally from misleading contexts 
(= wrong places). The questionable assumption that a spe­
cific reef type represents "heal th" leads to research ques­
tions aimed at elucidating the environmental conditions that 
have led to this "opt imal" reef development. Even more 
dangerous (because less testable) is the implicit biological 
assumption built into; " H o w are the species that make up 
this community co-adapted to enhance or stabilize this opti­
mal assemblage?" The old argument about whether the 
"tropics are stable because they are complex" or "tropics 
can afford to be complex because they are stable" is wrong 
on both sides — reef environments are not stable, and the 
important question is: " W h a t are all these supposedly co-
adapted organisms doing when and where the 'optimal as­
semblage' isn't around?" 

NUTRIENTS — GOOD, BAD OR UGLY 

Elevated nutrient levels are commonly regarded as intrinsi­
cally damaging to coral function, in spite of evidence that 
corals can grow well at high nutrient levels, and that sclerac-
tinian corals can persist in close juxtaposit ion to macroal-
gae that are commonly regarded as superior compet i tors in 
high nutrient situations. High-nutrient environments may 
enhance bioerosion, and have caused inhibition or destruc-
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t ion of reef and carbonate p lat form format ions in the past 
— but this observat ion relates pr imari ly t o the fate of the 
reef communi ty products (carbon­
ate accumulat ion) , not necessarily of 
the organisms that produce them. 
N u t r i e n t levels have been shown t o 
affect the populat ions and physiolo­
gy of the symbiot ic algae, but these 
studies have generally no t addressed 
the potent ia l t ime scales and mecha­
nisms (e.g., algal exchange) Involved 
in rea l -wor ld accl imatizat ion. 

Overal l , ou r nut r ient preoccupa­
t ions have resulted in a succession 
of disagreements supported on all 
sides by the results of exper iments 
that are neither equivalent t o each o t h e r nor representative 
of the actual t ime scales and organism o r communi ty char­
acterist ics involved in rea l -wor ld nut r ient responses. 

W r o n g p l a c e s 
Short t e r m laboratory o r f ield exper iments are di rect ly ex­
t rapolated t o ecosystem — o r larger scales of space, t ime, 
and complexity. Pursuit of reduct ionis t approaches implies 
that the larger questions and hypotheses have been defined 
and that a valid model exists fo r the integrat ion o r upscaling 
of results. If those condit ions were met, we might be in the 
r ight p lace. . . 

W r o n g q u e s t i o n ( s ) 
" W h a t is the effect of (ambient wate r ) nut r ient concent ra­
t ion rates on . " ( w i t h o u t regard t o some o r all of the 
issues involving: loading, inventory, del ivery rates, uptake 
rates, communi ty s t ructure/funct ion, specif ication of t ime 
scales, etc. etc. ) . 

L I F E H I S T O R Y , C L O N A L I T Y . A N D 
R E P R O D U C T I O N 

Human reef animals tend t o th ink about o t h e r coral reef 
species f rom a thoroughly zoological background, w i t h em­
phasis on the physiological, morphological and behavioral 
responses of Individuals, and on the ge­
netics of sexually reproducing individuals 
(Figure 2). This ignores the life h i s tory 
and evolut ionary implications of clonality, 
sexuality, hybr idizat ion, and somatic mu­
ta t ion , part icular ly in relat ion t o adapta­
t ion and accl imatizat ion. 

W r o n g ( c o n c e p t u a l ) p l a c e s 
( I ) A nar row focus on within-species sex­

ual reproduct ion ; and 
(2) Phylogenetic analysis l imi ted t o morphospecies. 

Most corals and many other reef 
organisms are colonial and/or c lon­
al.This points t o the importance of 
asexual o r vegetative reproduct ion 
— typically regarded by anthropoid 
researchers as what animals resor t 
t o when they can't have sex. In fact, 
these modes of reproduct ion and 
the i r combinat ion w i t h sexual re­
p roduct ion are probably central de­
terminants of the character of reefs 
and reef organisms. The potent ia l 
fo r rapid bui ld-up and transmission 
of somatic mutat ions by asexual re­

p roduct ion provides a mechanism by which selection can 
operate w i th in the l i fetime of the organism o r c lone, as is 
the case w i t h many ter rest r ia l plants. 

Sexual reproduct ion in these organisms is also much 
more f lexible than wou ld be expected on the basis of ter res­
tr ial zoologists ' concept of a species as a reproduct ively iso­
lated populat ion. Hybr idizat ion now seems relatively proba­
ble and potent ial ly successful on reefs — so, how can we 
account fo r the apparent evolut ionary stabil ity of scleract in­
ian "species" seen in the fossil record , given this reproduc­
tive plasticity? If introgression is a common phenomenon, 
then a species-specific focus wi l l prov ide misleading results. 
For example, suites of "s ibl ing species" may represent " e v o ­
lut ionary exper iments " in progress, w i t h outcomes ( r e c o m ­
binat ion, ex t inct ion , o r fu r ther divergence) — and hence 
thei r u l t imate phylogenetic significance — still uncertain. 

Temperate aquatic and terrest r ia l communit ies respond 
t o envi ronmental change w i t h major shifts in species c o m ­
posit ion that are in terpreted as evidence fo r responsiveness 
of the system. O n reefs, however, we see what appear t o be 
the same species, o r complexes of species, o r even assem­
blages of species, persist ing through repeated, major 
changes. Is it ex t reme stability, o r inabil ity t o respond? Sur­
vival of some clones (or hybrids) over others may result in a 
very dif ferent genetic landscape w i t h l i t t le o r no change in 

apparent species compos i t ion o r relative 
abundance — metr ics we often use t o 
gauge reef health. As long as env i ronmen­
tal var iat ion stays w i th in the tolerance 
range of the "ex tended species," the c o m ­
munity wi l l appear stable t o the observer 
of morphospecies. However, the system 
may be ramping up t o a threshold, wh ich 
may not be noticeable because the shifts 
are occur r ing among clones w i th in 

O u r nut r ient p reoccupat ions have 

resulted in a succession o f 

disagreements s u p p o r t e d on all sides by 

exper iments t h a t are ne i ther equivalent 

t o each o t h e r n o r representat ive o f t h e 

actual t i m e scales and organism o r 

c o m m u n i t y character ist ics involved in 

r e a l - w o r l d nut r ient responses 

Survival o f some clones over 

o ther s may result in a very 

d i f ferent genet ic landscape w i t h 

l i tt le o r no change in apparent 

species c o m p o s i t i o n o r relative 

abundance. 
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THE COMBINATION OF 
COMPLEXITY, • 
INTERDEPENDENCE 
AND EVOLUTIONARY 
STABILITY I S TRULY 
AMAZING! 

YES, ONE WONDERS HOW THIS 
INCREDIBLE DIVERSITY 
IS, PRESERVED., 

Figure 2: Gullible 
human scientists are 
easily fooled by the 
distraction displays of 
cunning invertebrates 

Figure 2. Submarine psychology: faunal interactions on a coral 
reef. 

species o r among crypt ic species. W h e n the last available 
clone type can't t rack changes any more , a major rest ructur­
ing event would take place, apparently tr iggered by a small 
environmental per turbat ion. This model provides a geneti­
cally-based mechanism for catastrophic transit ions in reef 
communit ies. It also raises serious questions about the abil­
ity of simple descript ive communi ty mon i to r ing t o detect 
trends in ecosystem st ruc ture , much less "heal th" . 

W r o n g Q u e s t i o n s — anything that results in an answer in 
any of the fo l lowing ( implici t o r expl ici t) formats: 
(1) By intensive study of specimens col lected f rom a we l l -
defined spatial and tempora l regime, we have determined 
the characteristics of the species t o 
be . . . " 
(2) "Based on the responses and char­
acteristics of (specimens of) this 
species, we conclude that scleractin-
ian cora ls . . . " 
(3) "Through intensive study of a par­
t icular process under carefully con­
t ro l led exper imental condit ions we 
can say that corals w i l l . . . " 

Efforts to portray reefs or other 

marine calcifiers as COj sinks have 

the potential to define as normal or 

desirable some of the most critical 

symptoms of reef decline. 

C O R A L - A L G A L S Y M B I O S E S A N D G E N E T I C D I ­
V E R S I T Y 

Related t o the problems associated w i th the extensively 
clonal nature of many reef organisms is the question of how 
these dif ferent clades interact w i t h each other. Recent w o r k 
indicates that there is a complex skein of associations be­
tween several clades of zooxanthellae and mult iple coral 
species. If this so r t of f lexibi l i ty in coral-algal associations is 
general, experiments on part icular coral+alga "ecospecies" 

wi l l not give results representative of the larger suite of 
symbiot ic associations, o r of what might be occurr ing on 
reefs where the lability and plasticity of the symbiosis could 
be more generally expressed. 

Much ef for t has been put into determining, of ten in vitro 
and in a very reduct ionist way, " t h e " relationship between 
algal symbionts and the i r hosts, and its response t o env i ron­
mental factors. However, the results of these studies, ele­
gant as they might be, must now be viewed w i th caut ion 
verging on skepticism. A laboratory-based approach t o the 
study of symbiosis is at best a secondary component of the 
research needed t o understand the ecological and evolu­
t ionary implications of the complex and shifting confedera­
t ions among algal symbionts and invertebrate hosts. 

W r o n g p lace 
For studies of characteristics related t o the algal symbiosis, 
any host-symbiont pair that is no t fully characterized w i th 
respect t o present partners, w i th at least some considera­
t ion of the potent ial fo r alternative partners. 

W r o n g q u e s t i o n s 
See Life History, above, but w i th emphasis on failure t o con­
sider the genetic, taxonomic,and functional variabil i ty in the 
algal partner and in host-alga interactions — at one t ime, 
and through t ime. 

C A R B O N A T E C H E M I S T R Y A N D T H E B E N T H O S 

It has long been known that light- (or symbiotically-) en­
hanced calcification is a reality in terms of the geology and 
biogeography of reef- forming organisms — although light 

has only recently shown signs of dis­
placing temperature as "everyone's fa­
vor i te [coral reef] abscissa." It has also 
long - albeit not universally — been 
recognized that calcification consumes 
carbonate ions and is therefore (in the 
bicarbonate-dominated marine envi­
ronment) a source of carbon d iox ide. 
It has been suspected that carbonate 
saturation state is a cont ro l on both 

organism and communi ty calcification; exper imental evi­
dence conf i rming that is now accumulating rapidly. In spite 
of abundant quantitative evidence based on past and pre­
sent chemical budgets and experiments, many contempo­
rary reef researchers have found it convenient t o ignore the 
crit ical role played by calcification and the inorganic chem­
istry of carbon. 

W e may have uncertain definit ions of reef health, but we can 
be reasonably conf ident that the transi t ion f rom a calcifica­
t ion-dominated system t o a system primari ly describable in 
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terms of organic carbon budgets represents a major deteri­
oration — and probably collapse — of a coral reef ecosys­
tem. Efforts to portray reefs or other marine calcifiers as 
carbon dioxide sinks have the potential to define as normal 
or desirable some of the most critical symptoms of reef de­
cline. With light and saturation 
state, as well as temperature, 
identified as significant biogeo-
graphic controls on reef distribu­
tions, and with experimental data 
showing that a doubling of at­
mospheric CO2 is likely to lead 
to reductions of tens of percent 
in community calcification rates 
(J.-P. Gattuso and C. Langdon, 
personal communications and submitted mss.), it might just 
possibly be time to come to grips with some of the real is­
sues of environmental controls on reef development. 

Wrong place(s) 
(1) Studies of symbiotic organisms that do not calcify, or 
that do calcify but in which no attention is paid to the rates, 
mechanisms, or patterns of calcification. 
(2) Environmental response studies that do not determine 
or control the "big three" — temperature, light and satura­
tion state. 
(3) Short-term community level studies that do not define 
the system under study or scale up to community-relevant 
scales of space and time. 

Wrong question(s) 
Any questions that address (skeletal) growth or calcification 
rate without quantitative consideration of the carbonate-
system chemistry of the water. Any questions that ignore 
the effects of carbonate uptake on the carbon dioxide me­
tabolism of the coral-algal system, or vice-versa. Questions 
posed and "answered" at very different scales (e.g.,geologic-
scale source-sink relationships addressed by empirical 
short-term local flux or metabolism studies). 

SUMMARY 
Phylogenetic trees have been likened to cartographic maps 
in that no single scale, projection, or selection of attributes 
is uniquely true or — more importantly — useful for all ap­
plications. The use of coral alpha taxonomy based on host 
skeletal morphology for addressing the larger issues of evo­
lution, symbiotic interactions, and biogeography is like using 
a collection of city street maps to navigate across a largely 
non-urban continent. The detail is so disconnected and ir­
relevant that we end up proceeding by dead reckoning — 
but we continue to cite the street maps because they are 

our only published authorities! 
Both reef organisms and communities appear far more 

plastic than previously thought. The answers to how reefs 
and corals survive and develop will more quickly be found by 
studying the range of intermediate states rather than end-

members in a continuum, but 
only if we recognize that the en­
vironmental conditions we cur­
rently consider "normal" are in 
fact end-members in the geologi­
cal, climatological, and evolution­
ary scheme of things. 

It is time to rethink reef bio-
geochemistry, and to integrate 
our fragmented view of N, P, and 

especially C (and especially inorganic carbonate C!) metab­
olisms over time and space scales relevant to real reef com­
munities and to organisms not isolated in laboratory con­
tainers. New levels of experimental sophistication are 
required, but this needs to be conceptual sophistication to 
qualify, reformulate, rescale, and integrate the findings of the 
technically sophisticated reductionist answers to the 
"Wrong Questions." 

There already exists a broad-brush, " top-down" picture 
of corals and reefs that is substantially different from the 
view based on "bottom-up" assembly of the bits and pieces 
of individual research (e.g., see http://coral.aoml.noaa.gov/ 
themes/coraLcg.html). It's time to stop crying in our beer, 
get out of the honky-tonks, and find True Love — or at least 
real science at a scale appropriate to our subject. 
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across a largely non-urban continent. 

33 



Reef E n c o u n t e r 2 J J u / y 1998 

4 3 : 3 2 0 - 3 2 6 

B u d d e m e i e r R W ( 1 9 9 4 ) S y m b i o s i s , c a l c i f i c a t i o n , a n d e n v i ­

r o n m e n t a l I n t e r a c t i o n s . In D o u m e n g e F ( ed ) Past and P re ­

s e n t B i o m i n e r a l i z a t i o n P rocesses , B u l l e t i n de I ' l n s t i t u t 

o c e a n o g r a p h i q u e , M o n a c o , n u m e r o spec ia l I 3, pp . I 19 -137 

B u d d e m e i e r R W , Fau t in D G ( 1 9 9 6 ) G l o b a l c o 2 and Evo ­

l u t i o n a m o n g t h e S c l e r a c t i n i a . l n : A l l e m a n d D a n d C u i f J-P 

(eds ) B i o m i n e r a l i z a t i o n 9 3 , P r o c . 7 t h In t . Symp. o n B i o m i n e r ­

a l i z a t i o n . B u l l e t i n de I ' l n s t i t u t e o c e a n o g r a p h i q u e , M o n a c o , 

N u m e r o spec ia l 14,4. pp . 3 3 - 3 8 

B u d d e m e i e r R W , Fau t in D G ( 1 9 9 7 ) S a t u r a t i o n S ta te a n d 

t h e E v o l u t i o n and B i o g e o g r a p h y o f S y m b i o t i c C a l c i f i c a t i o n . 

I m A l l e m a n d D a n d C u i f J-P (eds) B i o m i n e r a l i z a t i o n 9 3 , P r o c . 

7 t h I n t . S y m p . o n B i o m i n e r a l i z a t i o n . B u l l e t i n de I ' l n s t i t u t e 

o c e a n o g r a p h i q u e , M o n a c o , N u m e r o spec ia l 14,4. pp . 2 3 - 3 2 

B u d d e m e i e r R W , Faut in D G , W a r e J ( 1 9 9 7 ) A c c l i m a t i o n , 

A d a p t a t i o n , and A lga l Symb ios i s in R e e f - B u i l d i n g C o r a l s . I n : J. 

C . d e n H a r t o g ( ed ) P r o c e e d i n g s o f t h e 6 t h I n t e r n a t i o n a l 

C o n f e r e n c e o n C o e l e n t e r a t e B io l ogy . N a t i o n a l M u s e u m o f 

N a t u r a l H i s t o r y , L e i d e n , pp 71 - 7 6 

B u d d e m e i e r R W ( 1 9 9 7 ) S y m b i o s i s : M a k i n g l i gh t w o r k o f 

a d a p t a t i o n . N a t u r e , 3 8 8 : 2 2 9 - 2 3 0 

Fau t in D G ( 1 9 9 7 ) C n i d a r i a n r e p r o d u c t i o n : a s s u m p t i o n s 

a n d t h e i r i m p l i c a t i o n s . In : J. C . d e n H a r t o g ( ed ) P r o c e e d i n g s 

o f t h e 6 t h I n t e r n a t i o n a l C o n f e r e n c e o n C o e l e n t e r a t e B i o l o ­

gy. N a t i o n a l M u s e u m o f N a t u r a l H i s t o r y , L e i d e n , pp I 5 I - 1 6 2 

K l e y p a s J ( 1 9 9 7 ) M o d e l e d e s t i m a t e s o f g l oba l r e e f h a b i t a t 

a n d c a r b o n a t e p r o d u c t i o n s ince t h e last g lac ia l m a x i m u m . 

P a l e o c e a n o g r a p h y 12 :533 -545 

G i l l D E , C h a o L, Pe rk ins S L , W o l f J B ( 1 9 9 5 ) G e n e t i c m o ­

sa ic ism in p lan ts a n d c l o n a l an ima ls . A n n u a l R e v i e w s o f E c o l ­

o g y a n d S y s t e m a t i c s 2 6 : 4 2 3 - 4 4 4 

K i n s e y D W ( 1 9 9 1 ) T h e c o r a l reef : an o w n e r - b u i l t , h i g h -

dens i t y , fu l l y s e r v i c e d , se l f - su f f i c i en t h o u s i n g e s t a t e in t h e 

d e s e r t — o r is it? Symb ios i s 10:1 - 2 2 

K i n z i e R A ( in p ress ) C a r i b b e a n c o n t r i b u t i o n s t o c o r a l 

r e e f s c i e n c e . In : B e n s o n K, ( ed ) P r o c 5 t h I n t C o n g r H i s t o r y 

o f O c e a n o g r a p h y , San D i e g o , C A , 1994 

O ' H a r a RJ ( 1 9 9 3 ) S y s t e m a t i c g e n e r a l i z a t i o n , h i s t o r i c a l 

f a t e , and t h e spec ies p r o b l e m . Sys tema t i c B i o l o g y 4 2 ( 3 ) : 2 3 I -

2 4 6 

O p d y k e B N , W i l k i n s o n B H ( 1 9 9 3 ) C a r b o n a t e m i n e r a l 

s a t u r a t i o n s t a t e and c r a t o n i c l i m e s t o n e a c c u m u l a t i o n . 

A m e r i c a n j o u r n a l o f Sc ience 2 9 3 : 2 1 7 - 2 3 4 . 

P i m m SL ( 1 9 9 1 ) T h e Ba lance o f N a t u r e ? U n i v e r s i t y o f 

C h i c a g o Press , C h i c a g o 

P o t t s D C ( 1 9 8 5 ) Sea- level f l u c t u a t i o n s and s p e c i a t i o n in 

S c l e r a c t i n i a . P r o c 5 t h I n t C o r a l Reef C o n g r 4 : 1 2 7 - 1 32 

R o w a n R, K n o w l t o n N ( 1 9 9 5 ) I n t r aspec i f i c d i v e r s i t y a n d 

e c o l o g i c a l z o n a t i o n in co ra l - a l ga l s y m b i o s i s . P r o c N a t l A c a d 

Sci U S A 9 2 : 2 8 5 0 - 2 8 5 3 

R o w a n R, K n o w l t o n N , B a k e r A , j a r a J ( 1 9 9 7 ) Landscape 

e c o l o g y o f algal s y m b i o n t s c r e a t e s v a r i a t i o n in e p i s o d e s o f 

c o r a l b l each ing . N a t u r e 3 8 8 : 2 6 5 - 2 6 9 . 

S m i t h SV ( 1 9 8 1 ) T h e H o u t m a n A b r o l h o s Is lands: c a r b o n 

m e t a b o l i s m o f c o r a l ree fs a t h igh l a t i t u d e . L i m n o l o g y and 

O c e a n o g r a p h y 2 6 : 6 1 2 - 6 2 1 

S m i t h SV, B u d d e m e i e r R W ( 1 9 9 2 ) G l o b a l change a n d 

c o r a l r e e f e c o s y s t e m s . A n n u a l R e v i e w s o f E c o l o g y a n d Sys­

t e m a t i c s 2 3 : 8 9 - 1 18 

V e r o n J E N . 1995. C o r a l s in Space and T i m e . Sydney : 

U N S W Press , Sydney 

W a r e JR, Fau t in D G , B u d d e m e i e r R W ( 1 9 9 6 ) P a t t e r n s o f 

c o r a l b l e a c h i n g : m o d e l i n g t h e a d a p t i v e b l e a c h i n g h y p o t h e s i s . 

Eco log i ca l M o d e l i n g 8 4 : 1 9 9 - 2 1 4 

Rober t W. Buddemeier, Kansas Geological Survey, University of 

Kansas, Lawrence, KS 66047and Robert A. Kinzie III, Zoology 

Department, University of Hawaii, Honolulu, HI 96822 

34 



Reef Encounter ISJuly 1998 

COUNTRY PROFILE 

O M A N 

G e o g r a p h y a n d D i s t r ibu t ion 
Three very dist inct bodies of wate r sur round Oman's 
1200km long coast: the Arabian Sea t o the south, the Gulf of 
Oman t o the N o r t h East and the Arabian Gulf in the ex­
t reme N o r t h w e s t . Each has its o w n characterist ic features 
wh ich shape the nature of the coral communit ies In each 
area, but most str ik ing is the difference 
between the Arabian Sea and the Gulf of 
Oman. 

N o r t h e r n shores of the Arabian Sea 
exper ience intense upwell ing dur ing the 
summer monsoon (July t i l l September), 
br inging cold (averaging 18°C, but falling 
t o I 5 °C) , nut r ient r ich waters t o the 
surface and st imulating explosive macro-
algal g r o w t h . C o m p e t i t i o n w i t h algae, 
cold w a t e r and high wave energies appear t o be the major 
constraints t o coral g r o w t h and reef development here, al­
though at a very small number of sites there are diverse 
coral communit ies w i t h a high percentage cover, and even 
some reef development in isolated, sheltered bays. Further 
n o r t h , where the pr incipal const ra int of upwell ing is re­
duced, reef fo rmat ion is more pronounced and can be prol i f ­
ic. However, condit ions in the Gulf of Oman are very differ­
ent. Dur ing summer months sea temperatures regularly 
rise above 32°C (Coles, 1997) which are some of the highest 
temperatures recorded fo r corals; but despite this the coral 
fauna around Muscat is the most diverse in the country . 

A p a r t f rom large temperatu re f luctuat ions, the availabili­
ty of suitable substrate and the relatively 
tu rb id waters also severely constrain 
the d is t r ibut ion of corals, generally t o 
depths less than 10 meters o r so. Under 
such marginal condit ions , reefs in Oman 
exhib i t a number of peculiarit ies. Large 
stands of monospecif ic reefs are c o m ­
mon, part icular ly those of Pociiiopora 
damicornis, Porites iutea and Montipora foiiosa. Pociiiopora 
monospecif ic reefs appear t o be capable of developing in 
areas of unconsol idated sediment which contain large f rag­
ments of coral rubble, something which gives the genus a 
compet i t ive advantage in areas where all available space on 
hard substrates is already occupied. 

R e s e a r c h 
Sultan Qaboos Univers ity (SQU) and the Marine Science 
and Fisheries Cent re (MSEC) are the t w o principal inst i tu­
t ions concerned w i t h reef related research in Oman, whi le 
the Minist ry of Regional Municipalit ies and Environment 
(MRME) is taking the lead on reef-related policy. However, 

all scientif ic research has been a series 
of small isolated studies focused on a va­
r iety of topics rather than an integrated 
program, so apart f rom extensive sur­
veys establishing the d i s t r ibut ion of 
corals in Oman, there is only a relatively 
small body of scientific l i terature. 

The influence of Oman's marine envi­
ronment on shallow w a t e r habitats has 
received research interest, in part icular 

sea water temperatu re in the Muscat area. For example, 
dur ing his t ime at SQU, Dr. Steve Coles u n d e r t o o k a number 
of Interest ing studies on the reefs of the Muscat area includ­
ing mon i to r ing temperature f luctuations (Coles, 1997) and 
investigating coral cancers and links t o UV f i l ter ing c o m ­
pounds. More recently, the Planetary Cora l Reef Founda­
t ion has col lected samples and data f rom various sites In 
Oman fo r research groups based in the U.S.A. which should 
provide useful in format ion on the state and history of the 
country 's reefs. Cores several meters long were taken f rom 
large Porites colonies and are await ing analysis of the i r oxy­
gen isotopes which may yield valuable in format ion about the 
intensity of upwell ing over recent decades. 

The Marine Pol lut ion Section at MRME has also instigated 
a pi lot pro ject t o establish the potent ia l 
of art i f icial reefs as a means of enhancing 
shallow habitats fo r fisheries o r as a 
compensatory measure fo l lowing the 
creat ion of p ro tected areas which ex­
clude fishing. To date, an exper imental 
module const ructed f r o m concrete 
tubes and car tyres has been deployed In 

the Muscat area and initial results have shown rapid co lon i ­
sation of the s t ructure by fish and algae. 

T h r e a t s 
Oman's reef face a number of natural threats. Being s ituated 
where condit ions in the marine env i ronment are by no 

Large t e m p e r a t u r e f luctuat ions, 

substrate availabil ity and t h e 

relatively t u r b i d water s const rain 

coral d i s t r ibut ion, general ly t o 

depths less than I 0 meters . 

Pontes cores several meters long 

may yield valuable in fo rmat ion 

a b o u t t h e intensity o f upwel l ing 

over recent decades. 
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means optimal for reef development, it would seem that pe­
riodic large-scale mortal ity is a major factor in the history 
of reefs here. As described above, temperature stress can 
be ex t reme. Outbreaks of C rown-of -Thorns Starfish (Acan-
thaster planci) have been recorded in Omani waters and 
their chronic infestation at various sites is probably influ­
encing the rate of recovery of reefs affected by both previ­
ous outbreaks as wel l as extensive s torm damage. W i d e -
scale bleaching, unidentified coral 
diseases and even skeletal cancer have all 
been observed to cause partial colony 
mortal ity and no doubt exer t an influ­
ence on reef community st ructure . 

The principal human threat to Oman's 
coral is f ishery-related: gill nets are often set close to reefs 
since reefs attract the large pelagic fish which the artisanal 
f ishery targets. Occasionally gill nets become entangled in 
corals and are either removed by force or discarded intact 
where they continue to damage the reef by both destroying 
its s t ructure and by ghost-fishing. Anchors , fish traps, ropes, 
line and other fishing gear also damage corals and reefs. 
O t h e r threats are more localised: coastal construct ion and 
development, l ittering, recreational use and oil pollution are 
all activities addressed in the national coral reef manage­
ment plan. 

Management 
Following the lUCN ' s efforts in the development of an inte­
grated coastal zone management plan ( l U C N 1991), the 
Government of Oman has initiated a series of resource-spe­
cific surveys to address specific resource-user conflicts. T h e 
implementing agency is the Ministry of Regional Municipali­
ties and Environment (MRME) , although certain compo­
nents of the plan are the responsibility of the Ministry of 
Agriculture and Fisheries. Major components are : 

Training Omani personnel in marine natural resource 
management; 

• Education of f ishermen as a first 
step towards community involve­
ment in reef management projects; 
Improvements to National Nature 
Reserve management, and expan­
sion of the existing network of pro­
tected areas; 

• Improving the enforcement of environmental impact as­
sessments to specifically address impacts to reefs 
where they occur ; 
Sustainable tour ism and recreat ion, including the raising 
funds from dive permits and admission fees; 
Monitoring; 

Research, concentrat ing on the interaction between 

The principal human threat to 

Oman's coral is fishery-related. 

Mooring buoys have been 

installed at the most popular 

dive sites 

ecosystems and their economic value; 
Fisheries enforcement as part of a monitor ing, survei l ­
lance and control effort ; 
An Oman Cora l Reef Organisation is to be created as 
an N G O to assist with research and management. 

Conservation 
T h e conservat ion ethic is stronger in Oman than many 

other states in the Middle East and in re­
cent years several sites have been given 
special status in order to conserve thei r 
wildlife resources and wi lderness value. 
O n e such area is the Daymaniyat Nat ion­
al Nature Reserve , a series of nine islands 

17 ki lometres off the Batinah coast in the Gulf of Oman . As 
we l l as supporting some excel lent reefs the islands are an 
important nesting site for hawksbill turt les , sooty falcons 
and various species of te rn . Various other protected areas 
with both important terrestr ia l and marine areas are under 
consideration by the Government . 

Today,tourism in Oman is low volume. However ,as word 
about the beauty of the country is passed around and 
tour ism infrastructure is developed, vis itor numbers are ris­
ing steadily. In parallel with this expansion of tour i sm, dive 
operat ions have grown to cope with demand. As a result , 
steps are required to ensure no significant damage to the 
reefs and that some revenue returns to the Government 
with which it may implement its environmental protect ion 
policies. Recently , for example, mooring buoys have been in­
stalled at the most popular dive sites of Fahal Island and at 
the Daymaniyat Islands. 

Education 
In terms of educating the Omani people about reefs and 
their value to society, the Government's strategy is to target 
the principal users as an immediate priority and fol low this 

with a general education program in 
schools. The largest user group are the 
artisanal f ishermen who are widely dis­
persed along the coast although the 
greatest concentrat ions are found near 
the major fish landing sites. Fisheries ex­
tension officers have been discussing the 

importance of reefs to f ishermen who have previously con­
sidered coral as rock. 

Although the human population is low, the growth rate is 
amongst the highest in the wor ld . The re fo re , the key group 
which wil l benefit most from education about natural re­
source conservat ion and use wil l be the emerging genera­
tion of 10-16 year olds. To this end, MRME has co-ordinated 
the publication of a series of booklets targeted at this age 

3 6 



Reef Encounter 23,July 1998 

The key g roup w i 

generat ion o f 

group which cover Fish, SeaTurtles.Whales & Dolphins. A n ­
other edi t ion in the series is being planned t o cover Cora l 
Reefs and wi l l Include basic coral biology, ecological roles, 
threats and ways t o look after reefs. 

T h e F u t u r e 
The Government has been fo l lowing 
a responsible pol icy In the sustain­
able and wise use of reef related re­
sources and they prov ide a st ruc­
tu re around which the process can 
evolve further. Through the efforts 
of l U C N over many years, plans have been In place fo r an in­
tegrated approach t o coastal management and recently the 
f i rst signs that act ion Is being taken t o implement such plans 
are emerging. Perhaps the greatest constraints t o effective 
management is the lack of suitable Omani personnel c o u ­
pled w i t h the lack of awareness among the general public. 
However , f rom a regional perspective Oman leads the way in 
coral reef management. 

R e f e r e n c e s 
Coles, S. L. 1997. Reef corals occur r ing In a highly f luctu­

ating temperatu re env i ronment at Fahal Island, Gulf of 

Oman (Indian Ocean). Cora l Reefs 16:269-272. 
Glynn, P.W. 1992. Monsoonal Upwel l ing and Episodic 

Acanthaster Predation as Probable Cont ro l s fo r Cora l Reef 
D i s t r ibut ion and Commun i ty St ructure in O m a n , Indian 
Ocean. A t o l l Research Bulletin (0(379): I -66) 

l U C N . 1991. Oman Coastal Zone Management Plan - A 
F ramework for A c t i o n . Published by 
l U C N , Gland, Switzerland. 

\ the emergmg Salm, R.V. 1992. Cora l Reefs of 

„ , , , , the Sultanate of Oman. A to l l Re-
0 - I 6 y e a r o l d s search Bulletin (0(380): 1-85) 

Salm, R.V. and Sheppard, C. R. C. 
1986. Corals and Cora l Reefs of the Capital Area, Oman. 
Minist ry of C o m m e r c e and Industry. Published by l U C N . 

Sheppard, C. R. C. and Salm, R.V. 1988. Reef and coral 
communit ies of Oman, w i t h a descr ipt ion of a new species 
( O r d e r Scleractinia, genus Acanthastrea). Journal of Natural 
H i s tory 22,263 - 2 7 9 . 

Further informatian from: Simon Wiison or Rohert Baldwin, P.O. 
Bax 2531, C.P.O. i i i. Sultanate af Oman. Tei. & Fax: 00 968 
501708. E-maii: <i 06422.222 i@compuserve.com> (for 
SW),and <wosoman@gta.net.om> (for RB) 
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INTERNATIONAL INITIATIVES 

1998 I N T E R N A T I O N A L Y E A R O F T H E O C E A N 

The Internat ional Year of the Ocean ( lYO) is an a t tempt t o 
br ing ocean issues t o the at tent ion of decision-makers and 
the general public. The idea originally came f rom UNESCO's 
Intergovernmental Oceanographic Commission ( IOC) , 
which was subsequently adopted by the UNESCO General 
Conference in 1993, and by the U N General Assembly in 
December 1994. Its aims are to : 

raise awareness of the oceans and coastal areas as f i ­
nite-sized economical assets; 
t o obtain commitments f rom governments t o take ac­
t i on , provide adequate resources and give the oceans 
the pr io r i ty that they deserve; 

• emphasise that i t is only through global scientific co-op­
erat ion that we can begin to improve our understanding 
of how the oceans w o r k . 

A vast range of initiatives are underway th roughout the 
w o r l d , in celebrat ion of lYO. These include; 

EXPO '98; which takes place in Lisbon, Portugal 
(May-September) and has the theme 'The Oceans; a Her­
itage for the Future'. The U N pavilion wi l l highlight the en­
t i re range of ocean-related activities of the U N system 

The Ocean Char ter (see box) ; governments are 
being encouraged t o sign this document (which is no t legally 
binding) launched during the Summit of the Sea Conference 
in St John's Newfoundland, Canada in September 1997. 

The Independent W o r l d Commission on the Oceans wi l l 
release a major repo r t on the oceans, the result of the delib­
erat ions of its six study groups, in August at EXPO.This wi l l 
cover ocean governance, peaceful uses of the ocean, eco­
nomic uses of the ocean, science and technology, equity is­
sues, and public awareness and part ic ipat ion. 

l U C N — The W o r l d Conservat ion Union and 
W W F — the W o r l d W i d e Fund for Nature — wi l l be releas­
ing the i r global strategy for marine conservat ion at EXPO 
on W o r l d Oceans Day. 

Numerous o ther activities are underway at nat ion­
al and regional levels, through governments and N G O s , in­
volving education, science, conferences, public awareness, 
research and training cruises, and publications. November 
1998 wil l be the a month in which lYO activities wi l l center 

on coral reefs and tropical marine ecosystems. The focus 
for this wi l l be the ITMEMS meeting in Townsville (see 
D i a r y ) 

For further information on lYO contact: louri Oliounine, Co-ordi-
nator, InternationalYear of the Ocean, IOC, UNESCO. Fax 33 I 
45 68 58 l2;Web $ite:http:llioc.unesco.orgliyo 

T H E O C E A N C H A R T E R 

The oceans and their resources are a necessary ele­
ment of life on this planet. 

The health of the oceans, and the wise, safe and sustain­
able use of the ocean resources, should be an axiom fo r 
all governments to accept and honor for the long-term 
benefit and existence of thei r respective and collective 
peoples. 

The acquisit ion of the knowledge necessary fo r the un­
derstanding and stewardship of the oceans and the i r 
adjacent seas for the adopt ion of policies, standards and 
regulations t o pro tect the ocean envi ronment and to 
husband thei r resources, are goals t o be pursued both 
nationally and internationally. 

There should be mutual assistance and the wi l l t o w o r k 
together t o achieve common goals for the oceans - ad­
jacent and regional coastal states should co-operate in 
the adopt ion of local policies and action — countr ies 
w i th knowledge and resources should assist less f o r t u ­
nate neighbors — data and informat ion for global and 
regional problems should be readily available — States 
should make use of international and intergovernmen­
tal organizations t o generate global programs and 
agreements. 

W e recognize the wisdom of acting in unison t o p ro tec t 
the oceans and to use the i r resources in a sustainable 
manner and accept this Ocean Char te r as a basis fo r fu­
ture act ion. 
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O C - U N E P - I U C N G L O B A L C O R A L R E E F M O N I T O R I N G N E T W O R K 

This r e p o r t updates that in Reef Encounter 21 (July 1997). 
Cora l reefs are still high on the polit ical agenda, as evident 
th rough st rong suppor t f rom D r Ismail Serageldin, (Vice 
Pres ident,Wor ld Bank),and Mr.T im W i r t h , (US Undersecre­
tary of State fo r Global Affairs) at the W o r l d Bank ESSD 
meeting in O c t o b e r 1997 (see Meet ing Re p o r t s ) ; where 
ICRI and the G C R M N were featured as plenaries. The 
G C R M N also held a Management G r o u p meeting t o re-
focus on the immediate needs and strategies and also re­
p o r t e d t o the second ICRI coord inat ion meeting fo r 1997 
(another wi l l be held in Singapore in June 1998). 

Most of the preparat ion and planning for the G C R M N 
has been completed. The G C R M N Strategic Plan was pub­
lished by I O C , and is available ei ther in pr inted fo rmat f r o m 
the Co-Sponsors ( I O C , UNEP, I U C N ) , t h e G C R M N C o o r d i ­
nator (Clive Wi lk inson) and Chair of G C R M N STAC 
(Bernard Salvat); and wi l l be placed in the N O A A Home 
Page. The 2nd edi t ion of the Survey Manual forT ropical Ma­
rine Resources is avaiiabie f rom AIMS and a receiving data­
base is available e i ther on diskette o r over the Internet 
(AIMS Home Page). A 2nd Edit ion of ReefBase has been re­
leased by ICLARM in Manila and is ready t o incorporate 
G C R M N Pilot and regular mon i to r ing data. 

A l l regions have held ICRI Workshops w i t h over 85 c o u n ­
tr ies part ic ipat ing and most agreeing t o join the G C R M N . 
The last was in Aqaba Jordan in September, w i t h D j ibout i , 
Egypt, Israel, Jordan, Oman and Yemen part ic ipat ing. A n o t h ­
er work shop is planned In Oman fo r the remaining c o u n ­
tr ies. 

A t a G C R M N meeting dur ing the Suva Pacific Science as­
sociat ion meeting July 1997, six G C R M N Nodes were prov i ­
sionally designated: Polynesia, based in Moorea; Hawaiian is­
lands in Hono lu lu : Centra l Pacific high islands in Suva; 
Centra l Pacific Ato l l s in K i r ibat i ; Micronesia in Guam; and 
Melanesian High Islands in the Solomons. GEE proposals are 
being prepared t o fund some of these Nodes. H o w t o m o n ­
i to r reefs around Hawaii wi l l be discussed in Honolu lu in 
June. 

The Indian Ocean Commiss ion and G C R M N out l ined an 
approach t o mon i to r ing at an internat ional symposium in 
Madagascar, O c t o b e r 1997 hosted by the Madagascan Gov­
ernment , l O C I N C W I O (UNESCO) and the European 
Union via Regional Envi ronment Programmes. The C o -

mores, Madagascar, Maurit ius, Reunion and Seychelles wi l l 
establish a G C R M N N o d e and have started moni to r ing. 
Training Is now underway in the Maldives, as is the develop­
ment of a regional G C R M N database l inking the raw data 
(ARMDES) and the summary database (ReefBase). 

Meanwhi le the UK has funded a G C R M N inter im region­
al coo rd inato r fo r South Asia in C o l o m b o (Jason Rubens). 

G C R M N training wi l l be held inVietnam w i t h part icipants 
f r o m Burma/Myanmar and Cambodia (funded by the Japan­
ese government) . The work shop wi l l probably be held in 
September. 

Reef Check is planning an expanded 1998 exercise (see 
S u p p o r t R e e f C h e c k 1998), bui lding on the success of 
1997. Reef Check and the G C R M N are combin ing t o 
strengthen mon i to r ing — the G C R M N work ing w i t h gov­
ernments , and Reef Check cont inuing t o emphasize vo lun­
teers w i t h expansion t o include communit ies and schools in 
developing countr ies. Modif ications t o Reef Check p r o t o ­
cols such as the addit ion of more parameters that commun i ­
ties feel are impor tant wi l l be discussed in Hawaii in June. 

The gap in assessment of social, cultural and economic 
parameters is being c losed,fo l lowing a work shop t o develop 
a methods manual at the University of Philippines Marine 
Science Inst i tute station In Bol inao (hosted by Drs. Helen 
Yap and Ed Gomez In August 1997). Here, 12 social scien­
tists and economists selected the parameters and strategies 
included in a draft manual intended fo r f ield trials dur ing 
1998. The Japanese Government showed the i r c o m m i t m e n t 
t o the G C R M N by funding the workshops and assisting in 
p roduct ion . Cora l reefs were also featured at the US-Japan 
C o m m o n Agenda Open Forum in Tokyo, March 1998. 

The G C R M N wi l l r e p o r t on the status of reefs around 
the w o r l d at the ICRI Internat ional Tropical Marine Ecosys­
tems Symposium (see D ia r y ) , and determine the agenda fo r 
the next 2 years. A mon i to r ing coord inat ion work shop wi l l 
be held immediately afterwards t o assist G C R M N coord ina­
tors develop consistent t rain ing protocols for reef m o n i t o r ­
ing. Data f rom the Pilot Mon i to r ing Project and other exer­
cises wi l l be r e p o r t e d as a mon i to r ing session on Sunday, 
22"'' November. 

CliveWilkinson (GCRMN Coordinator) and 
Bernard Saivat (Chair CCRMN STAC) 
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SUPPORT REEF CHECK 1998 
W e w o u l d l i ke t o i n v i t e al l r e e f s c i e n t i s t s t o p a r t i c i p a t e in 

Reef C h e c k 1998. Tak ing a w e e k e n d o r t w o t o t r a i n a n d lead 

r e c r e a t i o n a l d i v e r s in bas ic u n d e r w a t e r su rveys is o n e w a y 

o f g i v i n g s o m e t h i n g b a c k t o t h e c o m m u n i t y w h e r e y o u l ive 

o r w o r k , a n d t o b u i l d u p p u b l i c s u p p o r t f o r r e e f c o n s e r v a ­

t i o n . If y o u a r e a l r e a d y i n v o l v e d in s u c h s u r v e y s , c o n s i d e r 

t a k i n g a c o u p l e h o u r s o f t i m e t o a d a p t y o u r d a t a c o l l e c t i o n 

t o i n c l u d e t h e s i m p l e Reef C h e c k p a r a m e t e r s . W h i l e 3 0 0 + 

s u r v e y s in 31 c o u n t r i e s w a s a r e m a r k a b l e a c h i e v e m e n t in 9 7 , 

i t is a sma l l s a m p l e o f t h e w o r l d ' s ree f s . W e n e e d y o u r h e l p 

t o i m p r o v e a n d e x p a n d Reef C h e c k 9 8 . Th i s y e a r w e have 

e x t e n d e d t h e s u r v e y p e r i o d ( I A p r i l - 3 0 S e p t e m b e r ) a n d 

w i d e n e d t h e s u r v e y z o n e s . 

W e w o u l d a l so l i ke t o i n v i t e Reef C h e c k 9 7 p a r t i c i p a n t s 

t o p r e p a r e p a p e r s f o r p r e s e n t a t i o n a t u p c o m i n g m e e t i n g s / 

w o r k s h o p s . In p a r t i c u l a r , t h e r e w i l l b e spec ia l h u m a n i m ­

p a c t s / R e e f C h e c k sess ions in P e r p i g n a n , F r a n c e in S e p t e m ­

b e r 1-4 ( C o n t a c t : M i c h e l P i c h o n ) a n d in T o w n s v i l i e in N o ­

v e m b e r 2 3 - 2 7 ( C o n t a c t : C l i v e W i l k i n s o n ) 1998. P lease 

c o n t a c t us if y o u w o u l d l i ke t o m a k e a p r e s e n t a t i o n o r b e i n ­

v o l v e d in t h e s e e v e n t s . 

Reef C h e c k p o l i c y is t o p r o m o t e c o l l a b o r a t i o n a n d c o o p ­

e r a t i o n in c o r a l r e e f m o n i t o r i n g a n d m a n a g e m e n t o n a g l o b ­

al sca le . O n e r e a s o n t h a t c o l l a b o r a t i o n is h e l p f u l is t h a t 

f u n d i n g a g e n c i e s have o f t e n r e s p o n d e d n e g a t i v e l y t o w h a t 

t h e y see as t o o m a n y d i f f e r e n t g r o u p s c l a i m i n g t h e i r m e t h o d 

is t h e O N L Y w a y t o s u r v e y reef s . W e d o n ' t c l a i m t h a t R e e f 

C h e c k is t h e b e s t , b u t m a n y g r o u p s have used i t success fu l l y 

t o d e t e c t h u m a n i m p a c t s o n reefs a n d t o ra i se p u b l i c a w a r e ­

ness g loba l l y . By j o i n i n g f o r c e s w e can i m p r o v e al l g r o u p s ' 

c h a n c e s o f g a i n i n g f u n d i n g . Equal ly i m p o r t a n t l y , c o l l a b o r a ­

t i o n g ives r e e f c o n s e r v a t i o n i s t s a b i g g e r v o i c e . 

In 1997, Reef C h e c k a n d G C R M N ( t h e g o v e r n m e n t l e d 

e f f o r t ) w o r k e d in p a r a l l e l t o p r o m o t e e a c h o t h e r . In 1998 , 

G C R M N has m a d e a d e c i s i o n t o a d o p t t h e Reef C h e c k p r o ­

g r a m as t h e c e n t e r p i e c e o f i ts c o m m u n i t y - b a s e d m o n i t o r i n g 

p r o g r a m . W h i l e t h e e x a c t d e t a i l s o f th i s a r r a n g e m e n t a r e 

s t i l l b e i n g w o r k e d o u t , t h i s c l o s e r r e l a t i o n s h i p w i l l a l l o w 

G C R M N t o m a k e use o f t h e g l o b a l Reef C h e c k n e t w o r k , 

m e t h o d s a n d t e a m s . In t u r n , if G C R M N o b t a i n s f u n d i n g 

f r o m U N o r g o v e r n m e n t s o u r c e s , t h e s e can be used d i r e c t l y 

f o r Reef C h e c k t r a i n i n g a n d s u r v e y s . To ass ist G C R M N , w e 

a r e a l so w o r k i n g o n t h e des ign o f a s n o r k e l e r s ' Reef C h e c k 

t o be t e s t e d th i s y e a r a n d l a u n c h e d in 1999. 

Gregor Hodgson, Institute for Environment and Sustainable De­

velopment, Hong Kong University of Science and Technology, 

Clearwater Bay, Kowloon, HONG KONG New (shortened) Reef 

Check E-mail: <reefchck@ust.hk> Tel: (852) 2358-8568 Fax: 

(852) 2358-1582, Registration information and complete in­

structions are found at: http:llwww.ust.hkl~webrclReefCheckl 

reef.html 

Desmond always knew that his baldness would be a problem one day 
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MEETING REPORTS 

W O R L D B A N K C O R A L R E E F C O N F E R E N C E 

This past October , 1997, the W o r l d Bank hosted a t w o and 
one-half day conference In Washington, D.C. ent i t led Coral 
Reefs: Challenges and Opportunities for Sustainable Manage­
ment. The conference was co-sponsored by the W o r l d Bank 
and the Internat ional Cente r f o r Living Aquat ic Resources 
Management ( ICLARM), based in Manila, Philippines. The 
conference was held as par t of the Bank's Fifth Annual Envi­
ronmental ly Sustainable Development (ESD) Conference, a 
week- long series of meetings and presentations dedicated 
t o sustainable development issues. Over 125 technical and 
management specialists f rom around the w o r l d attended 
the conference w i t h W o r l d Bank staff. 

The theme fo r the ESD meetings was "Science, Econom­
ics and Law", focusing on ways t o bet ter integrate each of 
these disciplines in the search fo r solutions t o problems re­
lated t o sustainable development. The ESD and Cora l Reef 
conferences were both dedicated t o the m e m o r y of Captain 
Jacques-Yves Cousteau for his c o m m i t m e n t t o increasing 
awareness of the importance of marine resources in the 
face of an increasing global human populat ion. 

The W o r l d Bank is a partner t o the Internat ional Cora l 
Reef Init iative. Because coral reefs are cr i t ical economic as­
sets f o r many of its member nations, the Bank has been 
w o r k i n g t o integrate coral reef conservat ion and manage­
ment measures into its operat ions and lending practices. Is­
mail Serageldin, Vice President of the W o r l d Bank and head 
of Environmental and Socially Sustainable Deve lopment is a 
st rong suppor te r of coral reef conservat ion, and as an active 
recreational diver, is wel l versed in the management Issues 
facing coral reefs and thei r impor tance t o the economies of 
many developing countr ies . This is the second f o r u m that 
the W o r l d Bank has hosted on coral reefs; the f i rst was a 
one-day work shop in June, 1995, explor ing sustainable f i ­
nancing mechanisms fo r coral reef conservat ion. The more 
recent conference focused on five selected management 
themes, in which panelists presented in format ion and held 
open discussions w i t h the audience. 

The major themes addressed were : 

Reef Dest ruct ive Practices ( for example, dynamite and 
cyanide fishing: coral mining), in contrast t o O p p o r t u n i ­
ties fo r Sustainable Reef-based Mar icul ture (such as, 
sustainable p roduct ion in situ, community-based p r o ­
duct ion) and Low- Impact Ext ract ion (alternative fishing 
methods/product subst i tut ion). 

• Illegal and UnsustalnableTrade in Reef Products ( for ex­
ample, in the live food fish, aquarium and ornamentals 
t rade) in contrast t o Cert i f ied Trade and Sustainable 
Bioprospecting. 
Marine Protected Areas and Identi f ication and discus­
sion of ways t o improve the i r success. Self-financed Ma­
rine Management Areas (e.g., th rough sustainable ma­
rine eco- tour i sm, fisheries stock enhancement, and 
opt ions for income-generat ing activit ies). 
Marine Informat ion Management and Environmental 
Education (e.g., the Global Cora l Reef Mon i to r ing N e t ­
w o r k , Reef Check and electronic databases such as 
ReefBase, FishBase, CoralBase; role of the civil society 
in in format ion dissemination and public awareness). 

• Economic Valuation of Cora l Reefs ( including a discus­
sion of analytical tools fo r strategic decis ion-making, 
such as application of cost-benef i t analysis and valuation 
methods for coral reefs). 

Many of the presentations identif ied alarming trends o b ­
served in reef quality on a global scale, part icular ly f rom 
over-fishing and destruct ive fishing practices, such as the use 
of explosives and cyanide. However, o the r presentations 
addressed various management strategies, sustainable har­
vesting, factors t o consider in marine p ro tected area estab­
l ishment, techniques used in valuing coral reef resources, 
and economic condit ions needed t o balance resource use. 
The panels generated broad reaction and part ic ipat ion f rom 
the audience. Also, progress of the regional efforts of the In­
ternat ional Cora l Reef Init iative were summarized and dis­
cussed in a work ing session on Saturday, O c t o b e r I I. 

A t the conference's conclus ion, specific recommenda­
t ions were developed by work ing groups in each of the the ­
matic areas t o develop partnerships w i t h donors , govern­
ments, public and private organizations, and t o leverage 
resources and ef fo r t t o more effectively conserve and man­
age coral reefs. A l imited number of copies of the confer­
ence proceedings wi l l be available t o resource managers 
w o r l d w i d e . Addi t ional repr ints wi l l be made available 
through t h e W o r l d Bank's Public Informat ion Center later in 
1998. 1818 H. Street NW,Wash ington, D C 20433. 

For additional information contact: Andy Hooten,A}H, Environ­
mental Services, 4005 Cienridge Street, Kensington, MD 20895-
3708, USA. Tel. 301-942-8839, E-maii <Environmentai_Ser-
vices@Compuserve.com> or <AHooten@Woridbank.org>. 
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BOOKSHELF 

P L A T E S - F O R M E S C A R B O N A T E E S E T A T O L L S D U C E N T R E E T 
S U D P A C I F I Q U E . 

( C a r b o n a t e P l a t f o rms and A to l l s of the C e n t e r and S o u t h Pac i f ic . ) 

Stratigraphy, sedimentology, mineralogy and geochemistry. 
Diagenesis and emersions: aragonite, calcite, do lomi te , 
bauxite and phosphate. 
F.G. Bourroui lh-Le Jan. 
Documents du BRGM 249, 1996.365pp. 215 figures. ISBN 2-
7159-0829-6. French w i t h English figure captions. 670 

T H E C O R A L D I S E A S E P A G E 
h t tp ; //ourwor ld .Compuserve . com/ 

h o m e p a g e s / m c c a r t y and 
pe te r s /co ra ld i s . h tm 

The Cora l Disease Page Is designed t o exchange in forma­
t ion about diseases of corals and other reef organisms. It 
provides a brief in t roduct ion t o diseases of coral reef 
ecosystems, hard corals, sea fans, and coral l ine algae that 
have been recognized on reefs thus far. In addi t ion, a key al­
lows you t o identify a potent ial disease based on character­
istic visual signs of each disease (abnormalit ies in appear­
ance, behavior, o r morpho logy) . There is also a list of links 
t o related sites and some ideas for what you can do t o help. 

This site is intended t o be a living document , at present 
holding informat ion on over a dozen known diseases. A u ­
thors Harry McCarty and Esther Peters plan t o add more 
Informat ion as it becomes available, and wi l l be happy t o co l ­
laborate on postings of o ther diseases and links t o related 
web sites. A stand-alone version is now available fo r use in 
the f ield. For this vers ion, all of the links t o the web have 
been disabled o r el iminated, so that the system wi l l run on 
any PC wi th a browser, but w i t h o u t the need t o connect t o 
the web itself. You can download the Off l ine Version (a 630 
kb file) th rough the webpage. 

The only cond i t ion the authors have is that you not use 
the tex t o r photos for any o t h e r purpose. In o ther words , 
don' t take this apart, add t o it, o r redist r ibute it. As appro­
priate, please cite the source in any publications that result 
f rom its use. The authors we lcome your comments . 

Francs, Eurocheque orTraveler's cheque in French francs t o : 
Cent re de Sedimentologie Comparee et Appl iquee. 
Available f r o m F.G. Bourroui lh-Le Jan, Univers ite Bordeaux 
I, Laboratoi re CIBAMAR, Avenue des Facultes, 33405 Tal-
ence Cedex, France. 
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B O O K REVIEWS 

C O O K I N G W I T H C O R A L S 
S u r v e y Manua l f o r T r o p i c a l Mar ine R e s o u r c e s . 
S. English, C .Wi l k in son , . &V. Baker 
ISBN 0 642 25953 4. Austral ian Inst itute of Marine Sciences,Townsvil le,Australia, (2nd Edit ion). 1997.390 pp. 

For those w h o did n o t receive the f i rst widely d is t r ibuted 
vers ion of the AIMS survey methods, a second edit ion was 
released last year w i t h financial assistance f rom a number of 
internat ional and envi ronmental organizations. The broad 
d i s t r ibut ion and suppor t fo r this manual has made it one of 
the more popular survey handbooks, part icular ly in the 
Asian region. Consequently, fo r those readers wishing t o 
coord inate w i t h programs using this manual, now Is the t ime 
t o o r d e r it f r o m AIMS (by wr i t ing them o r contact ing thei r 
web site http://www.aims.gov.au.) 

If you have the f i rst edi t ion you probably wi l l no t require 
the second because the changes are minor. In fact, rather 
than an a t tempt t o modify o r update the methods, the sec­
ond edi t ion appears t o be largely a response t o the high de­
mand fo r the manual o r t o the call f o r envi ronmental organi ­
zations t o suppor t coral reef mon i to r ing. Mon i to r ing 
methods should not change much if they are t o be of long-
t e r m value so it may be we lcome news t o groups using this 
manual that they can relax and cont inue business as usual. I 
w o u l d , however, have liked t o see a few simple moderniza­
t ions added t o this new addi t ion. 

For instance, the manual advises us t o take w a t e r temper ­
atures w i t h a hand-held the rmometer . Most contempora ry 
mon i to r ing programs can, however, afford simple automated 
temperatu re gauges that cost as l i t t le $100 and can make 
temperatu re measurements every few seconds fo r many 
years. Taking a single temperatu re measurement w i t h a 
hand-held t h e r m o m e t e r once every few months is not a 
very effective method of mon i to r ing temperatu re . O n e 
might be bet ter off downloading the N O A A satell ite data 
f o r the studied reef, though I believe this is not as good as 
automated temperatu re gauges because the N O A A data un­
derest imates mean temperatures by as much as a degree 
cent igrade. Also, much of the var iat ion that is exper ienced 
in near-shore waters is averaged o u t by the large spatial in­
tegrat ion of the satell ite data. From my exper ience, near-
shore waters can typically vary in temperatu re by as much 
as 3 t o 5°C on a daily basis and neither N O A A nor infre­
quent hand-held t h e r m o m e t e r data wi l l pick up this varia­
t i o n . 

A related cr i t ic ism concerns the manta t o w method 

where the authors suggest a '2 minute t o w ' . We l l , t w o min­
utes can produce very dif ferent distances depending on the 
size of the boat and engine used. I w o u l d prefer that a hand­
held GPS were used and the distance traveled was calculat­
ed. Since hand-held GPS are cheap and c o m m o n this w o u l d 
seem t o be a reasonable improvement that wou ld not really 
change but rather improve the accuracy of measurements. 
Simple modernizat ions o r improvements like this should be 
incorporated into new edit ions, in my opin ion, and I w o n d e r 
if investigators wi l l stop using manuals that do not update 
themselves. 

The actual meat of most mon i to r ing is the specific types 
of transects and the categories that are used whi le sampling. 
The AIMS manual has the usual focus on taut 20 m line t r a n ­
sects fo r corals and 250 m^ belt-t ransects fo r fish, which are 
now standard fare fo r many coral reef studies. I don ' t have 
any devastating crit icisms of these c o m m o n methods, but I 
wish mon i to r ing programs wou ld focus on ecological 
processes like herbivory and recru i tment which often drive 
ecosystems, rather than state variables like the percentage 
of coral and numbers of fish. Making measurements of 
states and processes together is really the only way t o begin 
t o untangle the complex patterns found In coral reefs (Mc­
Clanahan 1997). Despite the lack of cr i t ic ism of the pre­
sented methods, I wou ld prefer the manual presented a 
greater variety of methods and let the investigators choose 
the most digestible and tasty selections f rom the manual. 

I do, however, have a real problem w i t h the manual's sug­
gestion t o place fish populat ion density data into eight loga­
r i thmic categories f o r the i r 250 m^ belt t ransect. Most coral 
reef fish species have low populat ion densities that ei ther 
wi l l no t f i t w i th in log-based categories, because they are 
below the detectable l imit of I individual per belt t ransect 
(they have no category fo r 0 fish per t ransect which is a very 
c o m m o n occur rence) o r fish populations wi l l seldom f luctu­
ate outs ide of a single category, making it impossible t o pick 
up any t rends. To I l lustrate this point , consider the average 
density of 135 preselected fish species f rom a study of East 
Afr ican reefs. Eighteen percent of the fish species had a den­
sity of zero, 50% of the species had populat ion densities 
below I fish per 250 m^ and only 10% of the species had 
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populat ion densities of greater than 5 individuals per 250 
m^. N o t a single one had a density wh ich exceeded 64 indi­
viduals per 250 m^, wh ich is the upper l imit of the f o u r t h of 
the eight suggested categories. W h a t is the po int of having 
categories 5,6,7 and 8 if no species have populations this 
high? I really doubt that any group using these categories 
wi l l pick up trends In fish populat ions and I suggest o b ­
servers count the best they can, recognize that they are only 
est imating numbers, and keep away f r o m broad categoriza­
t ions as suggested in this manual. In general, the manual 
gives some of the basics for mon i to r ing reefs, but , like even 

the best cookbooks , you need t o th ink fo r yourself and de­
cide which ingredients t o add, subtract o r t h r o w d o w n the 
k i tchen sink. 

Reference 
McClanahan,T.R. 1997. Mon i to r ing - the state of ou r ar t . 

Reef Encounter 20:9-1 I 

Tim McCianahan, Coordinator for Corai Reef Programs, The 
Wiidiife Conservation Society. P.O.BOX 99470, Mombasa, 
Kenya. Emaii: <crcp@africaoniine.co.ke> 

C O R A L K I N G D O M 
C D ROM Version I. I, CyberLearning Col lect ion 
Ron S. Noian and Susan A. Noian. 
Digital Studios, Aptos Cal i fornia 95003 1996 179 page manual 

Marine science teachers are always searching fo r new tools 
and innovative ways t o Instruct the i r students. Maintaining 
student at tent ion and interest is vital fo r learning. Thus, it is 
not surpris ing that teachers prefer audio-visual teaching 
aids, especially fo r pre-Col lege students. Movies, slide 
shows and f i lm strips have been standard fare fo r years. 

Enter the computer age. N e w technologies have total ly 
t rans formed t radi t ional methods. The compute r revolut ion 
has provided teachers w i th tools t o enhance the i r effective­
ness In the classroom. Educational oppor tun i t ies fo r stu­
dent learning are just beginning t o be realized. Develop­
ment of C D ROM technology has brought a vast storehouse 
of knowledge just a keystroke away. 

This C D ROM, produced by Ron and Susan Nolan at Dig­
ital Studios should be a valuable asset t o teachers and the 
accompanying 179 page manual wi l l be especially useful as it 
presents classroom objectives, activit ies, topics fo r discus­
sion and more. 

An audio narrat ion introduces each section and the user 
may inter rupt , repeat o r ex i t at any t ime. Cora l K ingdom 
uses beautiful underwater photography t o explore the stud­
ies of reef biology, marine ecology and biodiversity. The pro ­
gram Is organized into four major units cover ing Adapta­
t ions, The Cora l Reef Ecosystem, Interrelationships and 
Human Impacts. Each unit presents a series of narrated 
slide shows w i t h an accompanying research mission. Each 
research mission uses a simulated SCUBA dive where you 
cont ro l the d i rect ion and other aspects of the dive. Stu­
dents can s tore Informat ion gained fo r use in discussion, re­
ports o r o ther classroom activit ies. 

Whi l s t ' researching' , students can 'cl ick' on an organism, 
taking them immediately t o the Sea Life Catalog, an exten­

sive database of marine life. The catalog can also be ac­
cessed using the scientific o r c o m m o n names. Each ent ry 
provides a photograph and informat ion about co lo r and 
f o r m , behavior, relationship t o the envi ronment, specializa­
t ions and human impact. However, the research missions, 
slide shows and Sea Life Catalog notably emphasize Pacific 
marine life and ecosystems and most of the simulated loca­
t ions are in the Hawaiian Islands, although naturally, the eco­
logical concepts are applicable anywhere. 

The manual contains ideas and suppor t material for 
worksheets and research reports , designed t o help the stu­
dent analyze and present the results of each mission. Nar ra­
tives fo r the slide shows wi l l help teachers prepare the stu­
dents fo r each 'mission'44, and addit ional material in the 
manual augments the slides. 

Two appendices at the end of the manual provide a brief 
bibl iography and a list of organizations dedicated t o coral 
reef preservat ion. 

This C D ROM makes an excel lent addit ion t o a science 
classroom, lab o r l ibrary. The hands-on approach of a simu­
lated SCUBA dive is a great way t o encourage student Inter­
est. The simulation is easy t o understand and users can 
quickly access all parts of the database. Cora l K ingdom is 
par t of the CyberLearning Col lect ion that provides tech 
support , onl ine projects and new products . You can contact 
them through thei r web site www.cyber learn .com o r E-
mail: no lan@cyber learn.com 

dive Petrovic, H. Lavity Stout Community Coiiege, Box 3097, 
Road Town, Tortoia, British Virgin islands. E-maii <ciivep@carib-
surf.com> 
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T H E R E E F A Q U A R I U M , V O L . 2 
Julian Sprung and J. Charles Delbeek 

ISBN I-883693-13-6 RIcordea Publishing Inc., C o c o n u t Grove, Florida 33133 1997 546pp 

A N D 

T H E M O D E R N C O R A L R E E F A Q U A R I U M 

Svein A. Fossa and Al f Jacob Nilsen ' 
ISBN 3-928819-29-1 Birgit SchmettkampVerlag, Bornhelm, Germany 1996 367pp 

Some years ago, I met Robert P. L. Straughan and vis ited his 
aquarium shop in Miami, Florida. As a young student and 
newcomer t o the undersea w o r l d , I was fascinated by the 
specimens he was able t o keep in captivity. Small, metal 
f ramed aquaria, under gravel f i l ters, bleached wh i te coral 
skeletons and sand produced a steri le appearance. But It 
was fascinating compared t o the hum drum fresh wate r 
aquaria everyone else had. Straughan's aquaria contained 
animals I never knew existed. He was successful in a field 
few others even considered. In fact, he summarized most of 
the in format ion known about marine aquaria in a book of 
less than 300 pages. H o w far we have come since then! 

In the Foreword t o T h e R e e f A q u a r i u m (vol .2) Sprung 
states that marine aquarium care is now a "ser ious discipline 
and a valuable research t o o l . " H o w t r u e ! The serious ma­
rine aquarists,and there are legions, have gone wel l beyond 
the " h o b b y " stage, garner ing a wealth of In format ion, which 
has l iteral ly exploded in the last t w o decades. Degrees in 
physics, chemist ry and biology seem almost a necessity t o 
understand all the technical in format ion available today. 
Calcium reactors , complex l ighting schemes, downdra f t p r o -

• \n skimmers, UV steri l izers are all par t of the arsenal of 
this science. Sometimes it seems more like the realm of sci­
ence f ict ion. 

T h e M o d e r n C o r a l R e e f A q u a r i u m (Fossa and 
Nilsen) is the f i rst of a four volume set on marine aquarium 
keeping. The amount of technical in format ion on sett ing up 
and maintaining a marine aquarium is staggering. In fact, 
sometimes the explanations seem t o go wel l beyond what 
the hobbyist needs t o know, as in the detai led descr ipt ion of 
the light spectrum (pages 204-21 I ) . Then there is the inter­
esting section on the importance of moonl ight and its af­
fects in the aquarium (pg. 201-202). Al l the forms of f i l t ra­
t ion and w a t e r quality maintenance are discussed, and the 
authors repeatedly emphasize the pr imary importance of 
using a prote in skimmer. I concur w i t h the i r assessment and 
that the blend of devices selected depends on the specific 
requi rements of the aquar ium. 

The interest and exper ience of the authors in the Indo-
Pacific region is clear f r o m the chapter on Zoogeography. 
The Caribbean is al located only half a page of tex t , even less 
f o r Wes t Afr ica. It is also obvious th roughout that the book 

was translated into English f r o m a foreign language. A w k ­
ward style, such as "A l ready at this point , however, we w o u l d 
like t o point ou t a . . . " (page 252) is c o m m o n . A t t imes the 
translat ion can be comical as when Stomatopods are de­
scribed as able t o " m u r d e r bypassing organisms" (page 185). 
Many more examples suggest more careful edit ing wou ld 
have been appropr iate. Frequent proofreading slips also de­
t ract f rom the book. Fu r thermore, over 70 citations in the 
t e x t were not l isted o r were incor rect ly l isted in the bibl iog­
raphy, almost a th i rd of which are non English references 
(which I did not check fo r accuracy). Hopeful ly the editors 
wi l l do a bet te r job on future volumes. 

Nonetheless, the occasional awkward style and numer­
ous er rors cannot det ract f r o m the significance of T h e 
M o d e r n C o r a l Ree f A q u a r i u m . It is packed w i t h useful 
in format ion fo r anyone contemplat ing the purchase of a ma­
rine aquar ium. Lots of step by step photos and explanations 
wi l l help the beginner get s tarted. Wh i le much of the discus­
sion and all the photographs emphasize large aquaria of sev­
eral hundred l itres o r more capacity, the reader can easily 
ext rapolate downward t o a more moderate sized tank.This 
comprehensive t e x t Is a must on the bookshelf of the seri­
ous hobbyist as wel l as the determined beginner. 

The number of invertebrate species that can be kept suc­
cessfully in a coral reef aquarium is increasing, though this is 
still a relatively new area fo r the marine aquarist and re­
quires a resonable level of expert i se. In T h e R e e f A q u a r i ­
u m authors Sprung and Delbeek disseminate thei r cons id­
erable knowledge of Invertebrate care. They have done an 
admirable job of sharing the i r exper ience of marine aquar i ­
um science. This is a serious t e x t providing much useful in­
fo rmat ion on the taxonomy and care of coral l imorphs, soft 
corals, zoanthids and anemones. The f i rst four chapters pre­
sent 124 pages of detai led Informat ion on the basic biology 
of these groups, and w o u l d make a welcome addit ion t o 
many a college course in Invertebrate Zoology. In fact, nu­
merous line drawings are taken f rom the scientific l i terature 
including the classic 1940 t e x t by Hyman. Chapter six pre­
sents " h o w t o " in format ion fo r individuals Interested in 
propagating these animals in the aquarium. Step by step in­
struct ions describe the methods used t o sever living tissue 
and start new colonies(sustainable culture in captiv i ty Is 
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possible). There are even Instructions f o r the use of ant ib i ­
otics t o help prevent bacterial infections of the new cut ­
tings. However, the real cont r ibu t ion of this book is the 
wealth of taxonomic data and photographs. This t reatment 
makes a valuable addit ion t o the typical technical l i terature 
of taxonomic keys and black and w h i t e line drawings. Thus, 
this book makes an excel lent f ield guide as wel l . Each 
species is presented w i t h both scientific and c o m m o n name 
fo l lowed by a br ief descr ipt ion of co lo r and distinguishing 
characterist ics. Nex t , data is provided on the natural habitat 
and, of course, care and reproduct ion in the aquar ium. 
Chapter eleven could have been t i t led The G o o d , The Bad 
and The N o t So Ugly, because it describes lots of l i t t le crea­
tures that usually enter the aquarium as stowaways. W h i l e 
much Is known about coral pests and predators , much more 
remains t o be learned. Here, the authors encourage the 
aquarist not t o "annihi late any creature they th ink might 
cause a p rob lem. " The obvious answer is t o watch , observe 
and learn. 

Fossa and Nilsen ( T h e M o d e r n C o r a l R e e f A q u a r i ­
u m ) also emphasize the imperat ive of a natural balance 
th rough the use of live rock in the aquar ium. Here they 
t read on some dangerous ground. Chapter seven contains 
24 pages on the importance of live rock and the various as­
sociated organisms. Only one column on page 192 deals 
w i th the issue of conservat ion and that comes across as self 
serving at best. Wh i le I agree that the use of live rock is ad­
vantageous if not vital t o a healthy marine aquarium and that 
coral reefs w o r l d w i d e face more serious threats than speci­
men col lectors , the authors should have been more sensi­
tive t o environmental cr it icisms. There is l i t t le doubt that 
they genuinely care about the health of t ropical reef ecosys­
tems and the dest ruct ion of coral reefs f rom all causes. So it 
is unfortunate that they expend more ef fo r t justifying the 
cont inued taking of live rock than encouraging and p r o m o t ­
ing sustainable harvesting practices and aquaculture. By 
contrast . Sprung and Delbeek receive high marks fo r sensi­
t iv i ty t o the envi ronmental impacts of the aquarium indus­
try. The authors deserve praise fo r thei r " I n t e n t i o n . . . t o 
p r o m o t e the marine aquarium hobby, sustainable harvest, 
aquaculture and coral reef conservat ion. " Through the ex­

ample of clownfish, they advocate captive breeding t o re­
duce demand fo r wi ld caught fish, reduce risk of in t roducing 
disease and ensure a steady supply of popular species. Ma­
rine specimens can be "ha rves ted" on a sustainable yield 
basis and aquaculture projects can fu r the r reduce negative 
impact on natural populat ions. It is only through educat ion, 
care fo r the env i ronment and proper management that the 
marine aquarium industry can avoid bad publ icity and re­
str ict ive intervent ion. Practit ioners of aquarium science 
must lead the way in this ef for t . 

T h e M o d e r n C o r a l R e e f A q u a r i u m is full o f c o l o r 
photographs which lends a certain coffee table quality t o the 
book and helps justify the hefty price tag (US$ 84.95 on my 
copy). Wh i le most of the pictures are att ract ive, some stun­
ning, a few are disappointing. Some shots could have benefit­
ed f r o m bet ter use of a st robe whi le others misplaced the 
st robe t o give a washed o u t and overexposed fo reground. 
O n e wonders why some photographs clearly o u t of focus 
(pgs. 53,65,70,85, I 13,131) were used at all. 

W h e r e it not fo r the wealth of technical data crammed 
into the 500 plus pages of T h e R e e f A q u a r i u m , one might 
also be inclined t o v iew this as just another book of beautiful 
photographs of marine life. Much of the photography is 
t ru ly outstanding, as if i t were l i fted f rom the pages of Na­
t ional Geographic. A yel low seahorse on page 215 hardly 
seems real.The cover photograph is but a sample of what is 
inside. The hard w o r k and vast experience of the authors 
shines t h r o u g h o u t the tex t . To make this book more user 
fr iendly t o the amateur, a glossary of technical terms has 
been added near the end. This saves much head scratching 
and searching of technical l i terature. For the serious mind­
ed, the bibl iography lists some 1000 references fo r fu r ther 
reading,although here as wel l there is an occasional goof. Fi­
nally, the t e x t ends w i t h a series of beautiful photographs 
ent i t led "Spectacular Reef Aquar iums f rom A r o u n d the 
W o r l d . " Spectacular, indeed! 

Clive Petrovic, H. Levity Stout Community Coiiege, Box 3097, 
Road Town, Tortoia, British Virgin islands. E-maii <ciivep@carib-
surf.com> 
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W H O ^ S W H O 

S C C A R : T H E C O L O M B I A N S O C I E T Y F O R R E E F S T U D I E S A N D 
C O N S E R V A T I O N 

The Colombian Society fo r Cora l Reef Studies and Conser­
vat ion (SCCAR: Socledad Colomblana para el Estudio y 
Conservacion de los Arreclfes Coral lnos) , was concieved 
when 26 Colombian reef scientists at tended the 8"' ICRS, 
Panama,June 1996. A few months later, dur ing a national ma­
r ine science congress, more than 50 people signed a founda­
t i o n memorandum, which led t o the legal const i tut ion of 
SCCAR by the end of 1997. Now, the society has about 50 
act ive members. The main purpose of this society is t o p r o ­
m o t e the study and knowledge of coral reefs, as wel l as the 
exchange of in format ion between scientists and research In­
st i tut ions, In o r d e r t o conserve this valuable ecosystem. 

The society is developing an electronic in format ion net­
w o r k th rough the internet (contact <scar@santamarta. 
cetco l .net .co>, soon t o be changed t o <sccar@invemar.org. 
c o > ) , a web site (http://biologia.unival le.edu.co/~sccar), and 
is cont r ibut ing t o a course 'Past, Present and Future of the 

Colombian Caribbean Cora l Reefs'. 
Dur ing 1998, the society wi l l develop'Pol ipos ' , an Infor­

mal newsletter about research, meetings, publications and 
any o ther Interesting activit ies related t o the coral reef 
w o r l d . W e also want t o set up a divers n e t w o r k t o watch 
and warn about the condi t ion of Colombian coral reefs. W e 
wi l l also organize the second General Assembly of SCCAR, 
which wi l l take place dur ing the X I Seminario Nat iona l de 
Ciencias y Tecnologias del Mar and run a work shop on a 
coral reef topic t o coincide w i t h the General Assembly. 

Further mformation from Gabriel R. Navas S., Secretario Ejecuti-
vo, SCCAR, iNVEMAR, Cerro de Punta de Betin,Apartado Aereo 
1016, Santa Marta, Colombia, Sur America. Tei. (57)(54) 
214774,214775,211380 Fax (57)(54) 2i 1377 E-maii <coi-
ref@santamarta.cetcoi.net.co> 

D i A R Y — 

I T M E M S W I L L B E C O - O R D I N A T E D T H R O U G H I C R I 

The Internat ional Tropical Marine Ecosystems Management 
Symposium (ITMEMS) wi l l be held f r o m 23 t o 26 November, 
1998 in Townsvil le, Austral ia. ITMEMS wi l l be coord inated 
by the International Cora l Reef Init iative (ICRI), a global 
partnership of parties ranging f r o m local communit ies t o re­
gional government alliances, sharing and p romot ing the mes­
sage of sustainable management of coral reefs and thei r re­
lated ecosystems. ICRI seeks t o provide fo r the p ro tect ion , 
res torat ion, sustainable use and understanding of coral reefs 
and related ecosystems. ICRI operates th rough a regional 
s t ructure (based on the exist ing UNEP Regional Seas Pro­
gram) supported by a small Secretariat. The Secretariat Is 
cur rent ly hosted by Austral ia, one of the founding partners 
of ICRI, th rough the off ice of the Creat Barr ier Reef Marine 
ParkAuthor i ty . 

O b j e c t i v e s of I T M E M S 

ITMEMS wi l l provide a f o r u m f o r review, on a global basis, of 
act ion over the last four years t o arrest the decline in the 
wor ld 's coral reefs. The Symposium wi l l d i rect ly relate t o 
one of the four corners tone principles of ICRI - that of re­
view and continual improvement. The Symposium wi l l be an 
o p p o r t u n i t y fo r coral reef managers f r o m Austral ia t o hear 
and discuss management practices f rom around the w o r l d 
and t o then take those lessons and apply them t o the local 
s i tuation. Conversely It wi l l also offer the chance fo r such 
lessons learnt in Austral ia t o be t ransmit ted t o the w ider 
coral reef management community. The major outcome of 
the Symposium wi l l be a clear d i rect ion for management of 
the wor ld ' s reefs for the next four years. The major o u t p u t 
of the Symposium wi l l be an action statement t o that effect. 
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That act ion statement wi l l f o rm the basis of cont inuing ICRI 
activity in to the next century. 

The whole concept of the Symposium is one of an inter­
active workshop — experts f rom Austral ia and overseas 
work ing together t o improve the manner in which coral 
reefs and related ecosystems are managed. The Draf t Pro­
gram for ITMEMS focuses on interactive workshop sessions 
w i t h plenary conference sessions minimized as far as pract i ­
cable. ITMEMS seeks t o at t ract coral reef managers f rom as 
many of the wor ld 's coral reef countr ies as practicable. It is 
anticipated that at least 75% of the anticipated 300 - 400 
delegates wi l l be f rom overseas. 

ITMEMS Outcomes 

This wi l l be the inaugural Symposium in what is planned t o 
be an ongoing ITMEMS series held quadrennially. It is in­
tended that ITMEMS parallels the International Coral Reef 
Symposium (ICRS) series w i th both ITMEMS and ICRS feed­

ing into each o ther on a rol l ing basis. ITMEMS wi l l arguably 
be the major event fo r Austral ia during 1998 — the Uni ted 
Nat ions International Year of the Oceans. It wi l l certainly be 
among the premier coral reef events wor ld -w ide dur ing the 
Year of the Oceans. 

Costs for ITMEMS 

The costs fo r ITMEMS are anticipated to be approximately 
$ A U D 3 5 0 for the four days which includes the cost of the 
recept ion and the formal dinner. A day delegate fee wi l l also 
be available. 

For further information contact: Symposium Management Com­
pany: Harvey Events Group Pty. Ltd., P.O. BOX 1811,Aitkenvaie, 
Qld 48l4Australia.Tel:(+6l) 07 4771 5755, Fax: 4771 5455. 
E-mail: <info@harveyevents.com.au> or visit the GBRMPA ICR! 
Homepage: <http:llwww.gbrmpa.gov.aul~icri/secretariat/itmemsl> 
or contact the ICR! Secretariat at <icri@gbrmpa.gov. au> 

C O R A L R E E F S OF T H E P A C I F I C R E G I O N : 
PAST , P R E S E N T AND F U T U R E . 

The Pacific Science Associat ion Scientific Commi t tee on 
Coral reefs is organizing a symposium at the X I X Pacific Sci­
ence Congress in Sydney, Austral ia, 4 - 9 July 1999 ent i t led: 
"Cora l Reefs of the Pacific Region: Past, Present and Future" 
W i t h i n this symposium, the fo l lowing topics wi l l be covered: 

PAST: Coral reefs through t ime — geological develop­
ment, ecosystem changes, corals as archives of past climate 
changes. 

PRESENT: The cur rent status of coral reefs, local t rad i ­
t ional use and sustainable resource management. 

FUTURE: Effects of future climate change (e.g., frequency 
of coral bleaching events), sea level r ise, etc., on the sustain-
ability of coral reefs and associated communit ies; d i rect ef­
fects of increasing human use on the sustainability of coral 
reefs and associated communit ies. 

The theme of the X I X Pacific Science Congress is "Sci­

ence for Pacific Posterity: Environments, Resources and 
Welfare of the Pacific People". For fu r ther informat ion on 
the Congress, contact Pacific Science Congress Secretariat, 
GPO Box 2609, Sydney, New South Wales 2001 , AUS­
TRALIA, e-mail: <reply@icmsaust.com.au> FAX: ( 6 1 ) 2 -
9251 -3552 TEL: (61) 2-9241 -1478 

Abstracts fo r the coral reef symposium should be sent t o 
Dr. Malcolm McCul loch, Research School of Earth Sciences, 
Austral ian Nat ional University, Canberra, A C T 0200, AUS­
TRALIA. E-mail: <malcolm.mcculloch@anu.edu.au > FAX: 
(61) 249-5443 TEL: (61) 249-4227 or to Dr. Charles Birke-
land. Marine Lab-UOG, Mangilao, Guam 96923 USA. E-mail: 
<birkelan@uog9.uog.edu> FAX: ( I ) 671-734-6767 TEL: 
( I ) 671-735-2184 

1998 A N N U A L S C I E N T I F I C C O N F E R E N E OF T H E 
A U S T R A L I A N C O R A L R E E F S O C I E T Y . 

The 1998 Annual Scientific Conference of the Austral ian 
Coral Reef Society wi l l be held at Radisson Reef Resort in 
Port Douglas f rom the 16-18th Oc tobe r 1998. 

Registration is midday on the 16th. In the af ternoon there 
wil l be plenary ta lks, fo l lowed by an ice breaker. Cont r ibu ted 

paper sessions as wel l as major thematic papers wi l l be given 
during Saturday and Sunday.There wi l l be a get together on 
Saturday evening w i th the tour is t operators to explore ways 
in which the Austral ian Coral Reef Society and the industry 
can w o r k together. Both have a vested interest in the long 
te rm use of the reef.We wi l l be inviting people f rom the reef 
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tou r i s t industry t o talk but all tour i s t operators wi l l be w e l ­
come t o at tend. Sunday night wi l l be reserved fo r an infor­
mal barbeque at the Resort around the poo l . A public lec­
tu re Is also being consider ing for one evening t o Improve 
the prof i le of the Society wi th in the general community . 

Very att ract ive hote l rates are available and a large num­
ber of 2 b e d r o o m Villas (which can accommodate 4 people, 
4 singles o r 2 doubles) w i t h self cater ing facilities are re­
served fo r $35 per person per night.Twin hotel rooms are 
also available (w i thout self cater ing facil it ies) at a cost of $35 
per person per night. Registration costs fo r the Conference 
wi l l be kept t o a min imum w i t h reduced rates fo r students. 

Participants arr iv ing by plane f rom Cairns wi l l be able t o 
take advantage of cheap weekend fares (21 day advance, re­
t u r n ExTownsv i l le -$ l84 ,ex Brisbane $339, ex Sydney $497 
and ex Melbourne $ 5 8 1 — but quotes may change before 

next October ) . There is a bus service f rom Cairns A i r p o r t t o 
all the major hotels in Port Douglas, and the t imetable is 
geared t o the t imes of fl ights. It takes about an hour f rom 
Cairns t o Port Douglas on the bus. 

Port Douglas is a small t o w n w i t h easy access t o the reef, 
and day excursions are planned either before o r after the 
meeting t o Low Isles where Queensland Univers ity has a 
small f ield stat ion. Lizard Island Research Station has also 
offered t o host a pre and post society W o r k s h o p which the 
organising commi t tee wi l l be Investigating. Suggested topics 
fo r the Workshops include coral and fish ident i f icat ion o r 
possibly a sediment theme. Flights t o Lizard Island leave 
f r o m Cairns. 

For further mformation contact Pat Hutchings (tei 02 9320 
6243) or visit the Web page : www.tesag.jcu.edu.au/ACRS 

P A L E O C E A N O L O G Y O F R E E F S A N D C A R B O N A T E P L A T F O R M S : 
M I O C E N E T O M O D E R N . 

A n internat ional Symposium ent i t led Paleoceanology of 
Reefs and Carbonate P lat forms : "Miocene t o M o d e r n " wi l l 
be held in A lx -en-Provence, France, in 27-30 September 
1999. 

The meeting is sponsored by the Internat ional Associa­
t i o n of Sedimentologists and the Internat ional Society fo r 
Reef Studies 

Aix-en-Provence has a long university t rad i t ion and now 
hosts the new CEREGE, (Cent re Europeen de Recherche et 
d'Enseignement de Geosciences de I 'Environnement, Uni ­
versite Aix-Marsei l le I I I ,CNRS,ORSTOM). 

The Scientific commi t tee comprises : 
G.F. C A M O I N , CEREGE,Alx-en-Provence, France. 
A. DROXLER, Rice University, USA. 
W.-Chr. DULLO, GEOMAR, Kiel, Germany. 
P. F LOOD, Univers ity of N e w England,Australia. 
W. H A N T O R O , R D C G , Indonesia. 
M. P I C H O N , EPHE - Perpignan, France. 
A. STRASSER, Univers ite de Fr ibourg, Switzerland 

Scientific themes include: 
Effects of paleoceanographic and cl imatic changes in the 

evolut ion of reef and carbonate p lat f rom biota. 
Paleoceanographic boundary condit ions of reefs and car­

bonate p lat form fo rmat ion : t ropical vs. cool wate r carbon­
ate systems. 

Causes and effects of rapid sea level changes on reefs and 
carbonate platforms. 

Paleoclimatic and paleoceanographic signals In reef o r ­
ganisms. 

Cycl ic l ty and sequence stratigraphy in carbonate systems 
and quantitat ive model ing. 

Impact of recent envi ronmental changes on reefs. 
The carbon budget in reefs and carbonate platforms: 

sinks and sources. 
Hydrocarbon potent ia l of cenozoic reefs and carbonate 

platforms. 

information and registration forms are avaiiabie at ht tp://www. 
cerege.fr. Further in format ion f rom G.F. Camoin , E-mail 
<camoin@cerege. f r> o r <prcp@cerege. f r> 
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MEMBERSHIP 
The annual subscription for individual membership of ISRS is currently 
US$70, provided renewal payments are made by I st March each year. Indi­
vidual and Family Members receive the journal Coral Reefs, the newsletter 
Reef Encounter and other periodic mailings. Family membership is US$80. 
Student membership costs US$20 and benefits include all of the above ex­
cept the journal Coral Reefs. 

T h e category-Sustaining M e m b e r - is for those supporting the society with 
a subscription of $150. In addition to other benefits sustaining members 
will see their names printed in each issue of Reef Encounter. 

Renewals received between I March and 30 April will cost US$320 for a 
student member, US$80 for a full member and U$$90 for a family member­
ship. Those received after I May will cost US$35, US$90 and US$100 re­
spectively. N e w memberships will be at the base rate of US$20, US$70 and 
US$80 regardless of what time of year they join. 

Institutional subscriptions to Coral Reefs must be placed directly with 
Springer-Verlag. 

Subscriptions to the Society should be addressed to: International Society for 
Reef Studies, P.O. Box 1897, Lawrence, Kansas 66044-8897,USA. 

NOTES FOR CONTRrBUTORS 
The aim of Reef Encounter is to provide a magazine-style newsletter on any 
aspect of reefs, the livelier the better. In addition to news, meeting and ex­
pedition reports and announcements, we aim to have discussions and de­
bates about particular issues concerning ISRS or the broader field of reef 
science in general. Reef Encounter does not publish original scientific data, so 
please do not submit such papers.The newsletter aims to complement the 
journal which carr ies scientific paper, in that it provides an outlet for book 
reviews, discussion of issues of general interest and a cor respondence co l ­
umn ( U p w e l l i n g s ) . It also carr ies short reviews of recent trends and devel­
opments in reef research or events that bear on reef studies. In the tradi­
tion established by the first editor, Reef Encounter is cheerfully il lustrated, 
with car toons, newspaper cuttings and other entertaining material. 

Please note that Reef Encounter is an entirely voluntary effort.We do not 
have funds to pay authors,and the editors are also unpaid. Please Help ISRS 
by submitting material on a regular basis and In a form that does not require 
too much editing. 

To save time and postage, we shall not normally acknowledge submitted 
material and this will not normally be refereed or returned for correct ions. 
Opinions expressed and er rors of fact will have to remain largely the au­
thors ' responsibility. N o published item should be taken as ISRS opinion un­
less indicated. 

Please help by sending items of not more the 2,000 words in length, 
preferably by e-mail or diskette using W o r d or ASCI I text and in an IBM 
compatible format.You can expect some gentle editing for flow and sense 
and to address our readership as appropriately as possible. Illustrations 
should be of a size compatible with our format. Black line drawings are 
preferable. Diagrams should have legends and/or captions to explain all 
symbols, abbreviations and shading patterns etc. Maps should have a scale 
and indication of orientation. Use World Ust abbreviations in references. 

References are to be styled in the format as prescribed by Coral Reefs. 
Please use metr ic, or imperial-with-metric units, but not imperial units on 
their own. D o not forget to give your name and full address, or any other 
contact address where applicable. 

W e have no regular reprint systems, but contr ibutors will receive a free 
copy of the relevant issue. 

D E A D L I N E F O R C O P Y F O R R E E F E N C O U N T E R 24 
( D U E O U T D E C 1998) IS O C T O B E R I s t 1998; 

p l e a s e s e n d t o o n e of t h e s e a d d r e s s e s : 

M a g g i e W a t s o n , I C L A R M C a r i b b e a n M a r i n e P r o t e c t e d 
A r e a s P r o j e c t , c/o C o n s e r v a t i o n a n d F i s h e r i e s D e p a r t m e n t , 
P . O . B o x 3 3 2 3 , R o a d T o w n , T o r t o l a , B r i t i s h V i r g i n I s l a n d s . 
F a x : ( I - 2 8 4 ) 4 9 4 2 6 7 0 P h o n e : ( I - 2 8 4 ) 4 9 4 5681 
e - m a i l : i c l a r m @ c a r i b s u r f . c o m 

D a v i d O b u r a , T h e W i l d l i f e C o n s e r v a t i o n S o c i e t y , C o r a l R e e f 
C o n s e r v a t i o n P r o j e c t , P . O . B o x 9 9 4 7 0 , M o m b a s a , K e n y a 
F a x : 2 5 4 - 1 1-472215 P h o n e : 2 5 4 - 1 1-485750 
e - m a i l : d o b u r a @ a f r i c a o n t i n e . c o . k e 

K r i s t i a n A . T e l e k i , C a m b r i d g e C o a s t a l R e s e a r c h U n i t , 
D e p a r t m e n t of G e o g r a p h y , U n i v e r s i t y of C a m b r i d g e , D o w n ­
ing P l a c e , C a m b r i d g e C B 2 3 E N U n i t e d K i n g d o m 
F a x : + 4 4 1223 3 5 5 6 7 4 P h o n e : + 4 4 1223 3 3 9 7 7 5 
e - m a i l : k a t 1 0 0 3 @ c u s . c a m . a c . u k 

V y 

APPL ICAT ION FORM FOR MEMBERSHIP 
Name: I/we enclose a cheque (in US$ O N L Y please) of: 

US$70 for FUL L membership 
Address : 

U$$20 for S T U D E N T membership 

US$80 for FAMILY membership 

US$150 for S U S T A I N I N G membership 

Title: C red i t C a r d Payment: VISA/Mastercard 

Fields of interest: N o E x p i r D a t e . 

Signature 
Bank drafts and cheques to be made payable to: I N T E R N A T I O N A L S O C I ­
E TY F O R REEF STUDIES . If a receipt is required, please request it at the 
time of payment. 

Send completed application form and your cheque to: International Society for Reef Studies, P.O. Box 1897, Lawrence,Kansas 66044-8897, USA 
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