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The International Society for Reef Studies was founded at a meeting 
in Churchill College, Cambridge, UK in December 1980. 

Its aim under the constitution is to "promote for the benefit of the 
public, the production and dissemination of scientific knowledge and 
understanding concerning coral reefs, both living and fossil." 

In order to achieve its aim, the Society has the following powers: 
i. To hold meetings, symposia, conferences and other gather­

ings to disseminate this scientific knowledge and understand­
ing of coral reefs, both living and fossil. 

ii. To print, publish and sell, lend and distribute any papers, 
treatise or communications relating to coral reefs, living and 
fossil, and any Reports of the Proceedings or the Accounts of 
the Society. 

iii To raise funds and invite and receive contributions from any 
persons whatsoever by way of subscription, donation or oth­
erwise providing that the Society shall not undertake any 
permanent trading activities in raising funds for its primary 
objects. * 

The Society collaborates with Springer-Verlag in producing the 
quarterly journal Coral Reefs. This large-format journal is issued free 
of charge to all members of the Society, and concentrates on quantita­
tive and theoretical reef studies, including experimental and laboratory 
work and modelling. 

Membership 

The annual subscription for membership of ISRS is currently US$60. 
Spouse membership is US$70. Under the constitution, subscriptions 
are due by January 31st each year. Members receive the journal 
Coral Reefs, the newsletter Reef Encounter, abstracts of papers of 
Annual Meetings and other periodic mailings. 

Student membership costs US$10 and benefits include all of the 
above except the journal Coral Reefs. 

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

Subscriptions to the Society should be addressed to the Treasurer 
(address given above). 
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EDITORIAL 

This issue has been brought forward a month so that it can 
be out in t ime forthe 7th International Coral Reef Sympos ium 
in G u a m . Many thanks to all those who put up with our 
pressing for contr ibut ions at shorter notice than usual . 
Astute readers will notice a slightly different balance to Reef 
Encounter 11. Reef scientists have had a busy season of 
meet ings recently, the del iberations of which are descr ibed 
here in several reports. There has also been an excellent 
crop of books publ ished over the past six to eight months 
which we have highl ighted in an expanded collection of 
reviews. Benthic space limitation being what it is, this has 
caused a contract ion of the announcements sect ion, a poor 
competi tor at the best of t imes! 

Recent meet ings have highlighted concern among the 
reef science communi ty over changes, potential or actual, 
taking place in their favourite ecosystem due to human 
impacts and global cl imate change. However, the meet ings 
revealed that as yet there has been little agreement over 
what changes are occurring or what is causing them. An 
important meet ing in Monaco on long-term monitoring of 
coral reefs set an agenda for an internationally coordinated 
monitoring p rogramme so that a clearer understanding can 
be gained of what is happening to reefs. The Currents 
section of this issue focusses on two concerns arising f rom 
the discussions: firstly, how can w e determine the health of 
a reef, and secondly, a warn ing about the perils of oollecting 
data in monitor ing p rogrammes without clearly def ined 
objectives. Bernard Salvat sets the tone for these articles 
in his first message as president of ISRS, emphasis ing the 
need for all of us to beoome involved in tackling the global 
environmental crisis which is now spill ing into the reef 
realm. 

Contr ibutors for this issue are thanked for their efforts to 
provide material on diskette which has helped to smooth the 
path f rom thought to print. Please keep the contributions 
coming; unsol ici ted material is especial ly we lcome. Many 
thanks also to Margaret Roberts and Meriwether Wi lson for 
cartoons and drawings. 

Sue Wel ls 
Cal lum Roberts 

f D E A D L I N E F O R T H E N E X T I S S U E O F flEEF 
^ ENCOUNTER IS O C T O B E R 1 S T 1992. 

ISRS NEWS 

PRESIDENT'S MESSAGE 

Bernard Salvat 

Since the ISRS meet ing in Berkeley last December, the 
new ISRS Officers have worked hard to organize our 
Society more efficiently, and a new editorial board for Coral 
Reefs has been set up, as ment ioned in the Secretary's 
report below. I would like to emphas ise three topics on 
which ISRS officers and council members will be working in 
the coming months, hopeful ly with the support and active 
participation of all ISRS members . 

First, humankind in now facing a real chal lenge in 
managing the planet. A global approach is clearly a 
necess i ty , as m u c h w i th cora l reefs as wi th o ther 
env i ronmenta l issues. Knowledge is one th ing, but 
transferring it and ensur ing its appropriate use outside our 
own scientific communi ty is another matter. Research on 
coral reefs, both fundamenta l and appl ied, is of course 
dependent on funding. Even though some may not wish to, 
we have to recognise that funding is now increasingly 
dictated, not so much by the need to acquire knowledge, but 
by the urgency of the envi ronmenta l and associated 
economic problems found in tropical developing countries, 
where most reefs o c c u r - t h e relationship between man and 
reefs now has implications for the work of all of us. 

Second, ISRS must take these changed circumstances 
on board and expand its activities at national, regional and 
international levels. It must do more to ensure that meetings, 
symposia, workshops and task forces are organised under 
its auspices or are at least co-sponsored by the Society with 
other relevant agencies. W e must participate far more 
actively in current reef-related issues of all kinds, and w e 
should be seen to be promot ing coral reefs in the context of 
other environmental and research issues where reefs may 
be over looked. A more pro-active role for the Society is one 
positive approach that w e could take and that will be 
d iscussed by the Counci l and at the General Assembly in 
G u a m . 

Third, ISRS must increase its credibility as a sound 
scienti f ic and representat ive society. Increasing the 
membersh ip has long been a major chal lenge, and we run 
the constant risk of 'd isappear ing' - t a k i n g along the journal 
Coral Reefs. This would bea loss not only at the international 
level, but also a t t h e national, institutional, research team 
and even individual level. Fora l l ,o fcourse, are l inked. Over 
the last decade there has been a steady decl ine in the 
amount of money avai lablefor reef studies at the institutional 
level. If we can raise international consciousness of the 
need for reef research and management in the fields of 
science, economics and politics, not only will institutions 
benefit, but also each one of us, whether scientists or 
managers. 
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PRESIDENTS 
ON 
PARADEl 
PAST AND PRESENT 
PRESIDENTS OF ISRS 
SNAPPED AT THE 
B E R K E L E Y MEETING 

From left: David Stoddart, 
Bernard Salvat, Peter Sale and 
Ian Macintyre 

NEWS FROM THE S E C R E T A R Y 

What has happened to ISRS since the Berkeley meet ing? 
At Berkeley the presidency passed from Peter Sale to 
Bernard Salvat, the Coordinat ing Editorship of Coral Reefs 
moved f rom David Stoddart to Richard Gr igg, and Daphne 
Fautin replaced Pat Hutchings as Treasurer. The current 
ma in ob jec t i ves of t he counc i l are i nc reas ing the 
membersh ip , modi fy ing by laws, a decis ion on ISRS 
meet ings activities and resolving the relationship between 
ISRS and I A B O . Until now only the officers have been busy 
with these matters but other council members will shortly 
become involved. 

David Stoddart remained acting Coordinat ing Editor of 
Coral Reefs until Richard Grigg was formally approved by 
Springer-Verlag and the President. The transfer has now 
been agreed and was formal ised in May at a meet ing in 
Heidelberg. 

A smooth transit ion has been achieved between Pat 
and Daphne as Treasurer and the f inancial situation of the 
society is now clear and is moderately good. A proposal for 
a Deputy Treasurer was discussed but has been rejected. 
Details of other ideas are outl ined by Daphne in the next 
article. 

Mail ing of Society news to members is very expensive 
and so it has been agreed to include any news in Reef 
Encounter. 

Council has proposed that ISRS participates in the 
lABO commit tee (International Associat ion of Biological 
Oceanographers) by select ing nearly half the members of 
this commit tee. This proposal will be considered by the 
I ABO commit tee at its meet ing in G u a m and if accepted will 
be effective with the new chai rmanship (to be elected in 
Guam and, if tradit ion is fo l lowed, the new chairman will be 
the o rgan ise r of the next In te rna t iona l Cora l Reef 
Symposium). 

The Danwin Award will be presented at the General 
Assembly of ISRS in G u a m . Five nominat ions have been 

received and a decision as to the winner will be made in 
G u a m . 

146 members voted in the recent elect ions for council . 
Pat Hutchings became the new President-Elect, and Jorge 
Cortes, Peter Glynn, Terry Hughes, Jurgen Patzold and 
Kenneth Sebens were elected new members of council . 

A proposal has been made by Jom Geister for an Annual 
Meeting to be held in Luxembourg in the summer of 1994. 

See you all in Guam I hopel 

• . Rene Galzin, Secretary 

SOME POINTS TO PONDER FROM THE 
TREASURER 

As the new treasurer of ISRS, I have spent considerable 
t ime studying the Society's accounts and considering 
information and advice given to me by Pat Hutchings, the 
outgoing treasurer (to w h o m we should give a round of 
applausel) . I am struck by a number of facts about our 
society. 

M E M B E R S H I P 

The number of members has changed little in recent years 
(I have received some new memberships, but until renewals 
have been paid, I cannot tell if there is a net positive t rend: 
total membership decl ined in some recent years); and 
relatively few live in countries with the most numerous or 
best developed coral reefs. Here is a rough tally of the 
country of residence of 464 individuals/couples on the list 
of people who are or have been members dur ing the past 
two years. 

203 US and possessions = 127 in non-tropical areas + 45 
in the Atlantic tropics (Florida, Puerto Rico, etc.) -•- 31 
in the Pacific tropics (Hawaii and G u a m ) 
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54 Austral ia (39 in the tropics) 
39 UK 
28 Japan 
22 France 
19 Germany 
5 each Nether lands Anti l les and Israel 
50 Other Tropics 
20 Other Europe 
16 Other non-European, non-tropical 

The composi t ion of our membersh ip is tightly bound to 
the v iab i l i t y - f i sca l , scientif ic, and political - of ISRS. Your 
officers bel ieve w e must expand our membersh ip now, 
when the raison d'etre of our Society is gaining prominence, 
scientifically and politically. W e need more members for 
fostering col laborat ion, exchanging ideas, and, if that is the 
wish of the membersh ip , advocacy. Members f rom "reef-
rich" countr ies are vital to credibility in all areas. (This is not 
to disparage the work of the many others but is in recognition 
of political reality, wh ich we ignore at our peril.) 

R E V E N U E 

Membership fees are currently virtually the Society's only 
source of income. However, they barely meet the costs of 
p r i n t i ng a n d s e n d i n g C O R A L R E E F S a n d R E E F 
E N C O U N T E R . In fact, because of variable postal charges, 
a l though enhanced m e m b e r s h i p wou ld enr ich ISRS 
intellectually, culturally, and politically, under the current 
arrangement it could actually cost more f inancial ly than it 
wou ld raise. Therefore, it seems imperative that addit ional 
sources of revenue be sought. W e have derived very 
modest amounts f rom sale of t-shirts and books. Page 
charges are requested but not required and rarely paid. W e 
need IDEAS! ! 

M E M B E R S H I P F E E S 

Obviously, one source of increased revenue would be to 
raise fees. But it is likely that, at least in some quarters, fees 
are already a barrier to membersh ip . Raising fees might not 
only d iscourage new members f rom countr ies in which 
reefs are important, but it could drive away some current 
members . W e now subsidise membersh ip of students, 
presumably on the premise that they are our future and are 
financially s t rapped. Should there be subsidies for other 
members as wel l? W h o would pay these? For example, w e 
could institute graduated fees by country of residence. But 
this presumes that all residents of certain countr ies (and all 
students) are poor, which may not only not be true (there are 
certainly interested non-students in the "developed wor ld" 
who cannot afford ISRS membersh ip) , but might offend 
some people. Moreover of course it would exacerbate our 
fiscal situation. Could we have a voluntary sliding scale for 
fees? If you knew the actual cost of servic ing your 
membersh ip would you be will ing to pay it? And if you were 
able to pay more would you do so in order to subsidise the 
membersh ip of someone unable to pay the full amount? 

Alternatively we could consider creating other categories 
of membersh ip . Two that come to mind are corporate 
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membershipfor non-government organizations, consulting 
f i rms, etc. at a rate higher than for individuals; and 
cor respond ing or a s s o c i a t e membersh ip at a lower rate 
for individuals w h o would not have vot ing rights and would 
receive only Reef Encounter (which might attract people 
w h o want to support coral reef science but who are not 
themselves scientists and would not be interested in our 
technical publication). Please come to G u a m prepared to 
discuss realistic and equitable courses of act ion. 

S o m e of y o u pay your fees w h e n f irst not i f ied. Others 
howeve r requi re addi t iona l not ices wh i ch are cost ly to 
s e n d , depr ive the soc ie ty of c a s h , and require ex t ra 
mai l ing of m issed issues of our journa l and newslet ter . 
Pat and I both advoca te inst i tut ing a late charge to cover 
at least the added cos ts . Remarkab l y to me , a number 
of cheques each year are re turned m a r k e d " insuff ic ient 
funds" ; ISRS must pay bank cha rges on t h e m . W e wou ld 
l ike to c rea te a prov is ion requi r ing a re ins ta tement fee at 
l eas t to c o v e r t h a t cos t b e f o r e s u c h a p e r s o n ' s 
m e m b e r s h i p is reac t iva ted . A l t hough nei ther of these 
changes wou ld improve our f iscal s i tua t ion , they wou ld 
a l lev iate two dra ins that w e n o w exper ience . 

O F F I C E R S 

W e must ensure that our Counci l is truly representative of 
ISRS membersh ip and our science. I am (belatedly) 
discovering that expenses such as postage and telephone/ 
fax charges for Society business are borne by the institutions 
of the officers, and that officers pay for at least some travel 
on ISRS business f rom their own pockets. This restriction 
of people in authority to wel l- to-do individuals or employees 
of institutions will ing to subsidise the Society greatly limits 
our pool of potential officers. Scholar ly societies typically 
rely on volunteer labour; but I bel ieve that income to ISRS 
should be sufficient to pay the real expenses of conduct ing 
the business of the society. 

G U A M 

By the t ime of our meet ing in G u a m , I will have a realistic 
calculation of those costs. Then you can suggest what you 
want ISRS to do for you and how much you are willing to 
pay. W h a t do you see as the greates t benef i ts of 
membersh ip? What are you will ing to forego? What can you 
do to increase membersh ip? What are the barriers to joining 
under current rules and practices? What can you do to 
persuade your col leagues who are not members to ISRS to 
join, and what has prevented them from doing so before 
now? 

I look forward to seeing and talking with you in June!!! !f 
you do not p!an to attend the Cora! Reef Sympos ium, 
please send me as soon as possible your opinions on my 
queries - suggest ions for increasing membersh ip , raising 
revenue, placing fees within the reach of all interested 
people, and encouraging participation within the government 
of ISRS - so that your perspect ive will be represented in the 
discussion. 

Daptine Fautin, Treasurer 
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ISRS ANNUAL MEETING: R E E F S BEYOND 
THE GOLDEN GATE 

Berkeley, Cal i fornia, U S A 13-16 December 1991 
Cha i r of local organis ing committee: David Stoddart 

O n 13-16 December 1 9 9 1 , the University of Cali fornia at 
Berkeley hosted the annual meet ing of the ISRS. A w ide 
variety of presentat ions fil led split afternoon sessions on the 
biology and geology/geomorphology of reefs, but most of 
the exci tement and debate w a s generated during combined 
sessions on "Coral bleaching" a n d " Conservation, monitoring 
and management of reefs". Rick Grigg kindled the fires of 
debate with his opening address "Coral reef environmental 
science: truth vs the Cassandra syndrome". In contrast to 
Cassandra f rom Greek mythology, who was fated to have 
her prophecies go unheeded, Grigg suggested that many 
scientists were false Cassandras when they prematurely 
pred ic ted env i ronmenta l d isasters (such as the first 
Acantfiaster ou tbreaks) . Today , by l inking coral reef 
bleaching with global warming , despite uncertain ev idence, 
many scientists may again be playing false Cassandras. 

T h e d e b a t e w a s f a n n e d on F r iday du r i ng Bob 
B u d d e m e i e r ' s p lenary lec ture "V ic t ims , s p e c i m e n s , 
biosensors, or resources: the role of coral reefs in modern 
human history". He reviewed the roles of reefs and reef 
scientists in controversial problems and suggested that w e 
need to improve cooperat ion to tackle large scale problems. 
His call for object ive searches for the truth was soon 
countered by conservat ion orientated views. Responses 
such as those of Mark Epstein (G lobal Coral Reef All iance) 
and Rodney Fujita (Environmental Defense Fund) reminded 
participants that resource managers and planners rarely 
have the luxury of wait ing for "final" scientific opinion. The 
impass ioned v iews f rom both s ides made for l ively 
discussion, but the schedule prevented much expansion. It 
could be valuable for a future meet ing to host discussion on 
this topic. 

Discussions of monitoring and management activities 
brought us back to a pressing problem: the collection of 
long-term data. Through ongoing and planned programs, 
current and developing technologies, the collection of long-
term environmental data is an important activity. Without 
these data, managers and conservationists will have little 
on wh ich to base their work. 

Last but not least, "Teaching tropical geomorphology 
and biology: the UC Berkeley project a t the G u m p Research 
Station, Moorea, French Polynesia"presented experiences 
f rom the field of sc ience educat ion. Student-researchers 
presented work they performed at the station, f rom behaviour 
to geomorphology, and littoral t rees to reefs. The session 
made clear how well f ield sc ience and educat ion can be 
merged to provide training for our future scientists. The 
entire meeet ing p roved a good opportuni ty to meet 
col leagues, discuss pressing problems and opinions, and 
get f ired up for the upcoming meet ing in G u a m . 

C. iVlark Eakin, Office of Giotrai Programs, NCAA, GP, 1100 Wayne 
Ave., Suite 1225, Sih/erSpring, Maryiand, USA. Fax:(301)4272073. 

B E S T PAPER AWARDS IN CORAL R E E F S 

In 1988 ISRS introduced a yearly best paper award for 
manuscr ipts publ ished in its quarterly journal Coral Reefs. 
The award consists of a pol ished walnut p laque with a brass 
plate bearing a two-and-a-hal f- inch-diameter medall ion of 
the Society logo created by sculptor Dan van Clapp. 

The select ion commi t tee responsible for choosing 
recipients of this award consists of the President, Secretary, 
Treasurer, Co-ordinat ing Editor, Biological Editor, and 
Geological Editor. This commit tee was intentionally kept 
small because publications of selection committee members 
are not eligible - and we always want to attract the widest 
field of candidates. 

The overall objective in introducing this award was to 
encourage coral-reef scientists to submit their best work to 
Coral Reefs. Co-ordinat ing Editor David Stoddart, in 
instructing the selection commit tee for the first award, told 
the panel to consider the originality of the manuscr ipts and 
the extent to which they contr ibuted towards a better 
understanding of old problems or pointed out avenues for 
new research. In addit ion, he asked the commit tee to keep 
in mind the more technical aspects of quality of style, 
methodology, and il lustration. 

The first award was announced at the 1988 ISRS 
Annual Meeting in Townsvi l le, Austral ia. Appropriately, 
Austral ian Terry Done was presented with the plaque for 
the Best Paper in vo lume 6; this paper was entit led 
"Simulat ion of the effects of Acanthaster plana on the 
populat ion structure of massive corals in the genus Porites: 
evidence of population resi l ience?" This paper proposed a 
quantitative model for studying the interaction between 
Acanthaster plane! and Porites as a function of such factors 
as ini t ia l p rey s i ze - f requency d is t r ibu t ion , d a m a g e 
characterist ics, survivorship, coral recruitment and growth 
rates, and f requency of predator outbreaks. This was an 
excellent theoretical analysis of the dynamics of coral-reef 
systems based on a quantif ication of coral-reef processes. 

Paulo Pirazzoli, Lucien Montaggioni , Bernard Salvat, 
and Gerard Faure were the next recipients of the award . 
This vo lume 7 award was presented at the Annual ISRS 
meet ing in Marseil le, France, in December 1989. The title 
of their paper was "Late Holocene sea level indicators from 
twelve atolls in the central and eastern Tuamotus (Pacific 
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Ocean) . " In this innovative study, both biological and 
geological data were col lected f rom 12 atolls to document 
pre-exist ing high sea-level posit ions. This information was 
then used to examine the overall history of the interaction 
of tectonic movements and sea-level f luctuations in the 
central Pacific dur ing the late Holocene. 

The last two Best Paper Awards for vo lumes 8 and 9 
were announced at our most recent ISRS annual meet ing 
in Berkeley, Cal i fornia, in December 1 9 9 1 . The paper 
chosen for vo lume 8 "Experimental ev idence for high 
temperature stress as the cause of El Nino - coincident 
coral mortality," was coauthored by Peter Glynn and L. 
D'Croz. Through laboratory exper iments, the authors 
illustrate that a major reef-building coral of the eastern 
Pacific, Pocillopora damicornis, may become severely 
weakened and eventual ly die when exposed to elevated 
sea temperatures of 30°C to 32°C. This work clearly 
demonstrates the reason for the devastat ing effects of 
severe El Nino events, which are now thought to be a 
predominant factor in limiting reef development in this 
region. 

The Best Paper Award for vo lume 9 was given to Gustav 
Paulay and L. R. McEdward for their study, "A simulation 
model of island reef morphology: the effects of sea level 
f luctuations, growth, subsidence and erosion." This paper 
descr ibes another innovative computer simulat ion testing 
the relative importance and interaction of reef growth, sea-
level f luctuations, erosion and subsidence and their effects 
on the morphology of a mid-oceanic reef complex. The 
results of this study provide insight into the processes 
responsible for reef morphology and indicate that subaerial 
erosion, subsidence, and reef growth rates are all of 
comparable importance in determining relief. This type of 
study not only al lows us to test ideas, but also suggests 
important areas for future research. 

W e encourage our readers to keep the Best Paper 
Award in mind when they feel that they have an important 
contr ibution to publ ish. It wou ld be hard to find a more 
impressive award plaque for your office wall ! 

lanG. Macintyre, National Museum of Naturai History, Smitfisonian 
Institution, Washington, DC 20560, USA. Fax: (202) 7862832. 

T H E C O M P L E A T R E E F E N C O U N T E R 
N o . 11 

"At least 12 (30%) cora l sites examined showed 
cons iderab le d a m a g e at t r ibutable to f i shermen and 
these t raders [ I ranian smal l boat t raders ] ; at one site 
a lone, more than 120 pairs of t rousers (part of an 
I ranian cons ignmen t ) w e r e seen caugh t in and 
smother ing cora l . " 

F rom: Sa lm , R.V. 'Corals and Coral Reefs of the 
Sultanate of Oman - Scientific Results of the lUCN 
Coastal Management Project.' Nov. 1 9 9 1 . 
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UPWELLINGS 

Conservation and science: different views 
of a common reality 

The polite c lash between differing v iewpoints at the ISRS 
Annual Meeting in Berkeley reminded many of us that the 
needs of conservat ion/management and of 'pure' science 
are often rather different. Full scientif ic analysis requires 
careful, often t ime consuming, accumulat ion of facts. The 
needs of managers and resource planners usually require 
prompt action to avoid environmental degradat ion that may 
be irreversible. Often conservat ionists are at odds with 
scientists despite their common concern for deteriorating 
resources. The scientist may need to al low degradat ion to 
cont inue in order to determine a definit ive cause. At the 
same t ime, conservat ionists feel that the problem must be 
s topped long before exper iments can be conc luded. 
Scientists often ask for more t ime to get definitive answers; 
planners/polit icians often demand answers in less t ime 
than adequate analysis requires. 

Wh ich viewpoint should take precedence? Is it bet ter to 
be more conservat ive scientif ically or environmental ly? 
Viewing this within a statistical f ramework, a Type I error 
occurs when one rejects a true null hypothesis, a Type II 
error occurs when one fails to reject a false null hypothesis. 
In a problem of anthropogenic stress (e.g. nutrients, global 
wa rm ing ) , the null hypothes is is usual ly def ined as 
'environmental damage is not related to the proposed 
stress'. Either error is possible, but which is less desirable? 

False reject ion of a t rue null hypothes is favours 
conservat ion, potentially through unecessary economic 
restrictions and premature warningsof ' impending'd isaster . 
False acceptance of a false null hypothesis provides a 
scientifically conservat ive posit ion (that may be based on 
inadequate dataor sampling design)butmayal lowcont inued 
env i ronmenta l degradat ion . The ISRS is a scienti f ic 
organisat ion, but its members provide much of the expertise 
available for managers, conservat ionists and politicians. 
Members must weigh the problems of scientific credibility 
against loss of the very ecosystems that w e study. 

Where along the cont inuum does the best policy fall? 
How do we balance scientif ic validity and credibility with 
economic and environmental trade-offs? The answers are 
subject to opinion and do not converge on a single truth. 
However, these quest ions are too easily forgotten when 
one enters the narrow focuses of scientific research or 
environmental act iv ism. On one hand, scientists must often 
m a k e j udgemen ts or predict ions based on avai lable 
ev idence, despite the need for more data. O n the other 
hand, activists need to remember that false alarms quickly 
diminish the credibility of the messenger. But, none of us 
can afford to let environmental degradat ion go unchecked. 
How far should one go out on the l imb of opinion? Perhaps 
just far enough to keep one hand on the trunk of the data! 

C. MarkEakin, Office of Glottal Programs, NOAA, GP, 1100 Wayne 
Ave., Suite 1225, Silver Spring, MD1225, USA. Fax:(301)4272073. 
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CURRENTS. 

WHAT IS A HEALTHY R E E F ? 

J e r e m y T h o m a s o n and Ca l lum Rober ts 

Faced with increasing human pressures on reefs and the 
looming crisis of global cl imate change, reef 'health' has 
become a hot topic. But how can w e tell if a reef is healthy? 
To date there appear to have been no at tempts to 
comprehensive ly def ine coral reef health. Some recent 
influential review papers on reefs and pollution (e.g. Brown 
and Howard, 1985; Brown, 1988; Hatcher et al 1989, 
Rogers, 1990) ment ion health but none have got to grips 
with the problem of definit ion. 

In the past, perhaps the most widely used indicator of 
reef health has been cover of live hard corals. Assessments 
of health based on coral cover pervade the literature. Use 
of a coral cover ' index of heal th ' probably originated with 
observat ions of decl ine in cover when reefs were subjected 
to stress, for example f rom sewage input into Kaneohe Bay 
in Hawai i . Addit ionally, corals are perceived as an integral 
and essential component of the reef ecosystem without 
which coral reefs would not exist. Cover of corals thus 
seems, superficially at least, a sensible measure of health. 

Many object ions have been raised to this approach. 
Most importantly, coral cover can vary enormously f rom 
reef to reef independent ly of any human act ion. Differences 
are largely due to ecological factors such as variation in 
sedimentat ion rates, wave energy, reef topography etc. 
Absolute levels of cover cannot be used as a linear index of 
health. Ocean ic reefs, for example, typically have a coral 
cover of on l y45 -50% between 5 and 30m deep on the outer 
slope (Sheppard 1982). In the Red Sea, cover on pristine 
reefs is general ly only 30 -45% in the same zone. 

The role of past history in shaping the communi ty 
composi t ion of the reef, including coral cover cannot be 

ignored. Major d isturbances usually have large effects on 
coral cover. Terry Hughes elegantly showed how three 
majordisturbances modified benthic composit ion in Jamaica 
over a 14 year monitor ing study (see fol lowing article). 
Without knowing of their existence, s imple surveys of coral 
cover and communi ty structure m igh tg iveavery misleading 
impression of the state of the reef. Paradoxical ly, although 
decreasing coral cover may be a sign of decl ining health, 
increasing cover may also indicate a disturbance to the reef. 

Variat ion in levels of coral cover among reefs thus 
carries very little information about reef health. Coral cover 
is only likely to provide useful information on health when 
t ime series data are available f rom monitoring studies. 
However, such data can be properly interpreted only when 
there is a record of natural d isturbances at a site as well as 
human inf luences. 

The problem of defining health is not l imited to marine 
science. Our perception of human health is also c louded, 
with the definition changing in relation to t ime, the individual 
and their environment. Human health is often measured by 
compar ison with tables of "normal" values for a range of 
quantitative tests. The problem with such tables is that 
many of the parameters measured show a wide range of 
biological variabil ity, changing with age, t ime of day, 
nutritional status, pregnancy and so on. However, some 
parameters are very specific with narrow ranges, for example 
temperature. These so-cal led physiological constants are 
consequent ly good indicators of health. The other more 
variable parameters are poor indicators of health in isolation, 
but may be useful in diagnosis when measured together. 

This provides a useful starting point f rom which to try and 
define reef health. If w e limit the definit ion to the major 
building block of the reef - coral - then it would be 
appropriate to try and define health in physiological terms, 
hopeful ly identi fying readi ly measurab le physiological 
constants. Unfortunately, none have yet been found although 
the search is on . 
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Consequent ly , a definit ion of health must be based upon 
ecological attributes that can be quanti f ied. Ecological 
heal th cou ld be def ined as the ma in tenance of the 
communi ty 's steady state(s) in a changeable environment. 
A steady state does not imply that the system is static. 
Growth or contraction can be part of a steady state. A 
change in the state of a system (for example, f rom active 
growth to no growth) may be part of the natural cycle of that 
system and such natural changes need to be identif ied. The 
phrase 'dynamic equi l ibr ium' is often used to descr ibe 
natural f luctuations around some average state. 

Terry Done remarked at a recent meeting in Austral ia 
'Today's coral reef may be tomorrow's rubble pile, but 
today's rubble pile may be the next decade's or century's 
coral reef , reminding us that reefs are constantly undergoing 
change. However, what w e cannot tell is what the balance 
of change will be. If nine tenths of today's reefs become 
tomorrow's rubble, and only one tenth of today's rubble 
tomorrow's reefs, then we are right to be concerned about 
reef health. Exercising the precautionary principle and 
trying to monitor the pathways of change is sensible. 

The resil ience of a system (i.e. the rate at which it can 
spring back f rom a perturbation) might seem a candidate for 
assessing health. This suffers f rom three problems. Firstly, 
it is very hard to measure. Secondly, resil ience depends 
greatly on communi ty composi t ion and can thus vary f rom 
zone to zone within a reef. The speed at which recovery 
takes place depends on the size of the disturbance. Thirdly, 
it can only be measured after disturbance al though a 
quali tat ive est imate of resi l ience may be possible by 
compar ing communi t ies which have suffered disturbances. 
Furthermore, major d isturbances may result in shifts to 
different ecological ly-stable states. Hence afai lure to return 
to the state prior to perturbation cannot be considered an 
indication of poor health. 

Measurements other than coral cover that could be (or 
are) used to assess reef health include: coral or fish species 
diversity; algal cover; fish stocks and yield; coral growth 
rates; bleaching effects; fish and coral recruitment patterns 
(if measured over long periods); percentage recently dead 
coral; incidence of d isease (e.g. black band/white band); 
reef calcif ication vs erosion. 

The problem with all these parameters is that they are 
highly variable, both temporal ly and spatially (and some are 
notoriously difficult to measure) . Recent advances in 
populat ion bio logy have upheld f ield observat ions of 
apparent ly chaotic f luctuations in abundance. Against this 
background, judgements about health based on such 
measurements become subjective. It is feasible to make a 
qualitative assessment of a reef's health f rom personal 
knowledge or by canvassing local opinion. However, such 
an approach does not lend itself well to scientific scrutiny. 

The ecotoxicological approach of using biomarkers, 
bioindicators or biological early warning systems to assess 
reef health has been little used and might provide a clearer 
indication than any above-ment ioned parameters. Ernie 
Reese proposed in the late 1970s that butterflyfish numbers 
could be used to determine when reefs became stressed 
(Reese 1977). He argued that populat ions of species which 

fed on hard corals would be affected by sub-lethal stresses 
acting on their prey. Unfortunately, predators are rarely so 
dependent on a particular prey that they cannot switch to 
other foods if prey quality decl ines. But efforts should still 
continue, as there has been much success with bioindicators 
in terrestrial and temperate mar ine envi ronments (e.g. 
Musselwatch in the USA) . 

Wh ich still leaves the problem of how to know if a reef 
is healthy. Perhaps the easiest approach is long term 
monitoring of sites with a suite of parameters [see Reef 
Encounter) 0] , including natural and anthropogenicimpacts. 
Howeve r , j u d g e m e n t s abou t the c h a n g e s in these 
parameters that consti tute decl ining health are still far f rom 
objective. As a start w e suggest the fol lowing trends as 
signs of decl ining reef health: (1) increasing cover of f leshy 
and f i lamentous algae (non-seasonal ly); (2) increasing 
cover of 'bare' rock and rubble; (3) a decrease in coral 
diversity combined wi th decreasing cover; (4) low coral 
recruitment comb/ned with high post-recruitment mortality; 
(5) net erosion of the reef; (6) decreasing coral cover; (7) 
increasing incidence of coral b leaching or disease; (8) 
outbreaks in populat ions of reef-associated organisms 
(e.g. crown-of-thorns starfish or Diadema sea urchins). For 
m o s t of t h e a b o v e p a r a m e t e r s , m e a s u r e m e n t is 
straightforward and can be incorporated into low-cost 
monitor ing programmes. The case for deteriorating health 
will be strengthened by the s imul taneous presenoe of 
several of these trends. However, the reef biologist's 
equivalent of the anal thermometer is still a long way off. 
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MONITORING OF CORAL R E E F S : A 
BANDWAGON? 

Terry Hughes 

Monitoring of coral reefs has recently been highlighted by 
two major meet ings: 'A workshop on coral b leaching, coral 
reef ecosystems and global changes ' in Miami in June 1991 
(D 'E l iae f a/., 1991), and a UNESCO-sponsored meeting 
on long-term monitoring of coastal systems in Monaco in 
D e c e m b e r 1991 ( see p a g e 17 ) . B o t h m e e t i n g s 
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recommended establ ishing a global network of reef sites 
for future monitor ing. The 7th International Coral Reef 
Congress in G u a m has two ful l-day sessions on reef 
monitor ing, al though most of the talks concern future plans 
rather than results, and the focus seems to be on 'how to' 
rather than 'why' . 

W h y m o n i t o r ? 

Whi le moni tor ing may have become someth ing of a 
bandwagon, it is not new. For example, the research 
programs of many reef ecologists include monitoring of 
coral reef populat ions or assemblages (e.g. work by Rolf 
Bak, Barbara Brown, Joe Connel l , Peter Doherty, Terry 
Done, Phil Dustan, Peter Glynn, Nancy Knowlton, Judy 
Lang, Dave Liddell, Yoss i Loya, Sharon Ohihorst, J im 
Porter, Don Potts, Carol ine Rogers, Garry Russ, Peter 
Sale, Dave Wi l l iams and many others). These are all 
mot ivated (some would say stubborn!) individuals, whose 
long-term monitor ing efforts have often evoked apathy or 
even hostility f rom their own institutions. So what have we 
learned f rom these ongoing studies? What are the strengths 
and limitations of a long-term approach? 

Long-term studies of coral reefs are useful for many 
reasons. First, many ecological processes are s low and 
cannot be detected In the short-term. An obvious example 
is succession, or changes in response to cl imatic variat ion. 
In addit ion, many coral reef organisms are long-l ived, and 
it is appropriate that we scale our studies in relation to their 
l ifetime. Second, most ecological processes have high 
annual variability (e.g. coral and fish recruitment), so that 
results f rom one or a few years can be misleading. Third, 
long-term monitoring reveals the recent history of a reef 
communi ty , which can help to explain the impact of events 
occuring now. For example, the effect on a reef of a 
hurricane today depends in part on how long it has been 
since the previous disturbance and what effect it had. 
Fourth, monitoring studies are essential for investigations 
of rare and episodic events, such as outbreaks and die-offs 
of predators, or hurr icanes. Fifth, long-term monitoring 
helps us to assess the impact of man's activities in relation 
to the background dynamics of a reef. 

A monitor ing programme will only provide useful data if 
the reasons for doing it are clear. New technological 
development such as underwater v ideos, image-grabbing 
software, and electronic storage devices make it easy to 
collectvast amounts of information. However, data gathered 
at random in the vague hope that they will be useful in the 
future (i.e. without a hypothesis to focus their collection or 
analysis) are likely to be expensive and inappropriate. It is 
noteworthy that all of the excellent ongoing coral reef 
monitoring studies ment ioned earlier have been quest ion-
driven. 

A Case S t u d y 

My own research in Jamaica includes the fol lowing aims: 1) 
to descr ibe quanti tat ively long-term changes in coral 
populat ions and communi t ies , and 2) to unders tand 
ecological processes that are important to the communi ty 

structure of reefs. Monitoring is one tool that is useful 
towards achieving these aims. It is not realistic, however, 
to expect monitoring programmes to provide all the answers 
(see 3 below). Coral cover in permanent plots on Jamaican 
reefs has decl ined significantly at 11 sites over 14 years, 
coinciding with major changes in the species composit ion 
ofcora ls (Hughes, in press). F i gu re l shows a typical result 
f rom 1977 to 1990 at a depth of 10 m. In 1977, coral 
abundance was very high, with an average of 7 3 % cover 
recorded in transects and permanent quadrats. However, 
in 1980, Hurricane Allen inflicted moderately heavy damage 
reducing coral cover to 38%. Over the fol lowing 3-4 years 
it increased only slowly, reaching 4 4 % by 1984. However, 
since then, coral cover has decl ined inexorably at every 
annual census, to only 5% in 1990 (Fig. 1). This is obviously 
a reef which has suffered serious degradat ion, a pattern 
which will probably occur more and more frequently in the 
future. What does this example of a long-term coral study 
tell us about the design of monitor ing programmes? 

RIO BUENO, JAMAICA 

> 
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u 

YEAR 

Percent cover (mean + S.E.) of corals at 10m deptfi at Rio Bueno, 
Jamaica from 1977-1990. Points are replicate 1 m^ permanent plots 
(Hughes, in press). 

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

1 . A u n i f o r m d e s i g n w i l l n o t w o r k . Monitoring efforts 
have to be flexible to account for changing condit ions which 
are certain to occur in the long-term. For example, changes 
in coral cover can be detected with much less sampl ing 
effort when cover is uniformly high than when it is low and 
patchy. Therefore, no single set of measurements will be 
ideal (or even workable) for all places or all t imes, and it is 
essential that the amount of replication (number of sites, 
transects, photo-quadrats, etc.) is responsive to change in 
order to avoid over- and under-sampl ing. In the Jamaican 
study, I had to gradually double the number of quadrats and 
transects used to fol low coral cover to maintain a low 
variance and high precision (Fig. 1). Clearly a 10% or even 
2 0 % error in the estimate of coral cover would be acceptable 
if it was high (in 1977), but not when it is very low (in 1990). 

A t the Monaco meeting, i twas suggested that monitoring 
sites should be established on 60 reefs wor ldwide using 
identical techniques, based on the ASEAN-Austra l ian Living 
Coastal Resources Project manual of methodologies (1986). 
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Regarding the number of t ransects, that manual currently 
states without elaborat ion (p.3.3.6) that 'replication will be 
required'. Taxonomic inconsistencies among research 
teams will be reduced by lumping species into a number of 
coarse morphological and taxonomic groups. However, a 
study by Mundy (1991) indicates that among-observer 
error is substantial even at this coarser level and will be a 
serious impediment to establ ishing a global monitor ing 
network. For example, he found (p.40) that one researcher 
tall ied 17% cover by branching Acropora, whi le another 
found only 4 % , on the same 20 m transect ! Both were 
members of a monitor ing team at the Austral ian Institute of 
Marine Science, and presumably among the best trained 
of the ASEAN-Aust ra l ia coastal program. In v iew of this 
depressing result, perhaps the resources would be better 
spent at fewer locations with more stringent quality-control 
of the data. 

In addit ion to varying the amount of replication, a 
monitoring program should have enough flexibility to add 
and drop var iables in response to new condit ions. For 
example, fol lowing the die-off of the sea urchin Diadema in 
Jamaica, I moni tored algal b iomass and densit ies of sea 
urchins and snai ls, in addit ion to coral cover (Hughes et al., 
1987). Whi le the number of variables to be fol lowed is 
a lways l imited by the resources avai lable, it would be a 
mistake to slavishly gather the same data year after year 
if condit ions warrant a change of focus. This will require 
local leadership and decis ion-making to depart f rom a 
network protocol that becomes unsuitable. 

2. T h e data have to be a n a l y s e d promptly. The ability to 
respond to inevitable change in abundance means that at 
least some information has to be analysed between every 
sampl ing per iod, and not al lowed to accumulate to the 
point where analysis becomes overwhelming or occurs to 
late. Ne i thero f themeet ingsment ionedear l ie rd iscuss th is 
in any detai l , and they give the impression that a raw data 
bank, rather than publ ishable results, is to be the end 
product. Similarly, the Great Barrier Reef Marine Park 
Authority and A I M S h a v e announced amoni tor ing program 
on 189 reefs over the next three years at a cost of c lose to 
A$1 M, almost all of which will go to cover the cost of 
collecting the data. In my opinion, the design of monitor ing 
programs must take better account of the substantial effort 
and expense involved in analysis. My own studies in 
Jamaica cost approximately US$350,000 over 14 years, 
but only about 2 0 % w a s spent on data col lection. In 
addit ion, short- term results revealed by t imely analysis are 
often interesting in the i rown right, andean be used to justify 
fur ther f inanc ia l suppo r t for l ong- te rm goa ls us ing 
conventional 3-year funding sources. 

3. Monitoring alone will not support management 
d e c i s i o n s . Past exper ience has shown that monitoring on 
its own is often incapable of revealing the underlying 
mechan isms of change in abundance, and a parallel 
program of exper imentat ion or demograph ic analysis is 
required to explain why these alterations occur. No matter 
how hard you stare at Fig. 1 , you will not be able to say what 
caused the decl ine, only that it has occurred. If reef 

managers do not know what causes such changes in reef 
communi t ies, then they can only guess at how to fix them. 
One approach is to augment basel ine monitoring with 
demographicstudies which address mechanisms of change 
in abundance. For example, an algal bloom after aOiadema 
die-off affected short-lived corals disproportionately because 
they rely on avai labi l i ty of subst ra te for con t inuous 
recruitment, as shown by c learance exper iments (Hughes, 
1989). Monitor ing certainly helps to understand reef 
dynamics but it is not a panacea. 

4. T h e resul ts of monitoring s tud ies are often b iased. 
Finally, Fig. 1 showsadec l i ne in coral abundanceover t ime, 
a pattern c o m m o n to virtually all other long-term monitoring 
studies of reef communi t ies (e.g. Bak and Luckhurst, 1980; 
Connel l eta!., in review; Dustan and Halas, 1987; Glynn, 
1990; Lidell and Ohihorst , 1986). Some of these decl ines 
have been related to events such as hurricanes, Acanf/ iasfer 
outbreaks, the Diadema die-off and El Nino. However, in 
other cases, this pattern may simply reflect a systematic 
bias in some monitor ing programs, where the initial surveys 
were carried out at locations that have unusual ly high coral 
cover or diversity. Obviously, if coral cover is, say, 80-90%, 
then it is much more likely that local abundances will decl ine 
over t ime than increase. This decl ine is of little concern if 
other nearby areas show the opposi te pattern. However, 
w e will never detect increases if w e ignore areas that have 
the capaci ty to do so, and instead concentrate our efforts 
only at locations with high coral cover. This bias in site 
selection will have to be avoided in the future in order to 
detect any large-scale changes by coral communi t ies due 
to global warming. 

C o n c l u s i o n 

In summary , future monitoring programs will have to be 
quest ion dr iven, have adequate replication (which will vary 
over t ime and space), al locate a major proport ion of funding 
for training and analysis, process data quickly to optimize 
sampl ing, and avoid sampl ing bias. Without these the 
current drive for global monitor ing will be a monumental 
waste of t ime and resources. 
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FEATURES 

ORIGIN OF THE 'CONVENTIONAL CORAL 
R E E F ' : WHO ARE THE GUILTY MEN? 

Br ian R R o s e n 

S e y m o u r Sch langer , notable for his contribution to the 
s t u d y of mar ine g e o l o g y , l i m e s t o n e s a n d ree fs , 
espec ia l ly in the Paci f ic Reg ion , died tragically in 1990. 
He p layed an important part in e s t a b l i s h i n g the 
s ign i f icance of the Enewetak drill ho les in 1952 [9,16], 
wh ich conc lus ive ly fulfilled Darwin 's prediction [3] of 
s u b s i d e n c e beneath o c e a n i c atolls. A s a smal l tribute 
to h is work, particularly to his broad and stimulating 
view of its wider impl icat ions, a s well a s to h is personal 
k i n d n e s s , it is appropriate to include an article on reef 
geology in Reef Encounter and to dedicate this to him. 

Everyone recognizes that Darwin has been a major influence 
on biological thinking, and no one could seriously claim that 
the historical importance of his work has been neglected. If 
Darwin's geological work, overal l , has not been so fully re­
appraised, his reef work at least is fully recognized. Yet 
there still seems to be one small corner of this reef work 
which isn't widely known and this concerns his thoughts on 
ancient reefs. 

Darwin's coral reef book [3] is remembered especial ly 
for the e legance and simplicity of its subsidence theory, 
magnif icent ly vindicated many years after his death and 
after much controversy, by ocean atoll drill ing at Enewetak 
[9,16]. Ocean floor subsidence beneath atolls was later 
corroborated e lsewhere [18] (though it is now quest ionable 
whether subs idence is a lso responsib le for Darwin 's 
supposed succession of fr inging reefs, barrier reefs and 
atolls [12]). By compar isod, Darwin's much more famous 
idea of new species arising by natural selection has still to 
be demonstrated as unequivocal ly [10] - though,somewhat 
ironically, the proof he himself advanced for his subsidence 
theory is, in retrospect, somewhat shaky [13]. 

S e a r c h for ancient Darwinian reefs 

Danwin's efforts were directed at modern reefs, both their 
geology and biology ,and above all, the implications of coral 
r e e f s f o r g l o b a l g e o l o g y . H is b o o k a d d r e s s e s 
geomorphology, geography and ecology or, in his own 

words , reef 'structure and distr ibution' [3]. Al though modern 
reefs often have a fossil component within their own 
edif ices, Darwin did not address fossil (or 'ancient') reefs as 
such. Yet the detail of his reef observat ions, the strength of 
his arguments and, in more recent years, the demonstrat ion 
of subsidence, have seemingly led geologists to base much 
of their interpretation of ancient reefs on ideas that go back 
to Darwin's account of modern reefs. In this respect, they 
are fo l lowing the t ime-honoured geological ax iom of 
uniformitarianism*, advocated by Darwin's own fr iend and 
supporter, Char les Lyell. But, regardless of the quality of 
Darwin's observat ions and ideas, how useful are modern 
reefs as analogues for ancient ones? There are few if any 
clear-cut examples of ancient reef s that are direct analogues 
of Darwin's classic reef types, especial ly of his oceanic 
forms. Where for instance might be found ancient atolls and 
ancient 'encircl ing' barrier reefs, wi th clear evidence of their 
foundat ions on sea-mounts of oceanic basalt? They must 
be few and far between. Danwin [4] actually predicted that 
it would be difficult to f ind completely preserved fossil 
examples, for erosional reasons, and when later chal lenged 
to f ind ancient analogues, neither he nor Lyell could come 
up with any convincing examples [19]. 

Wi th hindsight, w e need not be surpr ised. It is not simply 
a quest ion of erosion. Plate tectonics conf ines structures of 
this kind to ocean basins where they occur as 'drowned 
reefs' or as older integral parts of modern reef edifices 
[6 ,9 ,13,15,16,17] . On ly except iona l ly wou ld they be 
incorporated 'onshore' into continental successions and in 
recognizab le fo rm, s ince their genera l fa te is to be 
metamorphosed or completely destroyed by subduct ion 
along with the cont iguous ocean-f loor crust on which they 
rest. This process is tangible today in the Japan Trench 
(subduction zone), where the once-reef al sea mount (atoll?) 
of Daiichi Kash ima lies at an obl ique angle 6000 m below 
sea level [8]. 

'Convent ional ' reef growth 

The implication of these tectonic factors is that we should 
not expect to make simple holistic compar isons between 
modern and ancient reefs and in a broad sense, this is now 
widely recognized. Can uniformitarian principles still be 
applied tof inerdetai lsof reefs and reef processes? Perhaps 
there is a general model of reef growth that can be adapted 
to suit particular c i rcumstances of relative sea level change, 
whether tectonic or eustat ic in origin? To judge from the 
extensive literature on ancient reefs, such a model certainly 
exists. Colin Braithwaite [2] refers to it as the 'convent ional ' 
o r ' no rmarmode l (F i g . 1). Basically, in its s implest form,th is 
assumes upward growth of reef-front f ramework organisms 
to a static sea-level, wi th simultaneous and subsequent 
outward growth taking place over fore-reef talus breccia 
(rubble) derived f rom the actively growing reef-front. The 
model can be adapted to suit various possible scenar ios of 
relative sea-level change. 

•Uniformitarianism: the principle that natural geological 
processes are still operating at the same rate and intensity as they have 
throughout geological time. 
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Back-reef Reef crest 
(growing core) 

Fig. 1. Darwin's legacy? Ttie 'conventional reef model'tfiat Braithwaite [2] criticises. Note outwards growth of the reef over an apron of 
its own reef-talus breccia. 

Malignant reef-talus 

Unfor tuna te ly , th is conven t iona l reef mode l is a lso 
unsatisfactory. Observations on modern reefs do not support 
it. Yet it is a lmost universally accepted. If you doubt th is , look 
at how often it has been used as a logo for publications, 
conferences and organizations concemed with reef geology 
(e.g. the cover and title page of European Fossil Reef 
Models [20, Fig. 2]. For this reason, Braithwaite [2] has 
actively waged war on it - or rather, on its proponents and 
uncritical users. In part, the problem is that most 'modern ' 
reefs are composi te structures of many cycles of reef 
growth control led by relatively f requent changes in sea level 
throughout the Quaternary. However ,even if we solve this 

Fig. 2. Cover diagram from European Fossil Reef Models 
(D. F. Toomey, ed., 1981). 

object ion by restricting the model to single sti l lstands or 
single change of relative sea-level, there still remains a 
problem with 'reef talus'. 

Contrary to the model , the bulk of coarse, eroded, reef-
front material is not deposi ted at the fore-reef foot of the 
advancing reef front, but is borne across the reef into back-
reef a reas by preva i l ing w a v e s and cur rents . On ly 
exceptional ly do large blocks founder f rom the reef front into 
deeper water. In t ime, back-reef material accumulates to 
the same elevation as the reef crest, and the finer material 
in particular then spills over or bypasses the crest (through 
channels) forming coalescing fans (analogous to alluvial 
fans) at the foot of the reef front. Neither the foundered 
blocks above, nor these relatively f ine-grained talus fans 

bear r esemb lance to the reef- ta lus brecc ias of the 
'conventional reef model ' . The most likely process to produce 
such breccia deposits is a marked drop of relative sea-level 
resulting in sub-aerial (or higher energy) erosion of the reef 
front. New reef growth might then take place over such 
breccias when relative sea-level rises again. This is utterly 
different f rom the 'convent ional reef model ' , though it might 
not be easy to dist inguish the two in the f ield. 

Pinning down the blame 

It is myster ious how the 'convent ional reef model ' could 
have been devised without obvious observat ional support. 
For Braithwaite, it ' seems to have or iginated' f rom Darwin, 
but Braithwaite was evidently unable to pin down the blame 
more precisely, because he goes on to say, 'Darwin did not 
try to indicate the structure of the reef, nor is it clear who first 
did ....' Do w e detect here the slightly ominous tones of a 
possible witch-hunt? Fortunately, the person w h o 'first did ' 
is no longer with us, this -being, as Braithwaite nearly 
guessed, Darwin himself. Darwin did indeed attempt a 
model of the internal structure and growth of reefs, but did 
so in a long and interesting, but unil lustrated, digressive 
footnote [5] in his Cora/Reefe [3, p116-118] ('I may take this 
opportunity.... '). Al though the footnote is there for all to see, 
it seems not to have been widely remarked upon. In it, he 
extrapolates his observat ions and conclusions from the 
surface features of modern atolls in particular, to predict 
their internal structure. Al though his model is based on the 
same organisms (e.g. Tridacna) that occur on the living reef 
of Cocos-Keel ing, it is the structure and growth aspects that 
are important here. Significantly, he prefaces his model by 
saying, 'This is a subject worthy of attention, as a means of 
comparison with ancient corai strata' (my italics). 

Darwin 's model of reef growth makes the explicit 
assumpt ion (consistent with his subsidence theory) that 
reef growth is control led by condit ions of 'successive' rises 
of sea-level relative to the reef's foundat ions. W e now know 
that this can occur tectonically (subsidence), oreustat ical ly 
(absolute sea-level rise), or as a net effect of both tectonic 
and eustatic changes. More importantly here, he also 
emphasizes the role of blocks torn f rom the reef by wave 
act ion, indicating that they will contr ibute both to upward 
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growth by being cast over the reef surface, and to outward 
growth, accumulat ing as conglomerat ic beds 'resting on 
the exterior ree f and 'dipping at considerable angles. ' He 
env isages that the base of the reef consists of this 
conglomerate, too. Here then, we haveapromis ing prototype 
of Braithwaite's unloved 'conventional reef , complete with 
its mal ignant reef-talus and hapless 'outwards growth of the 
reef core ... over an apron of its own debris. ' [2]. 

In fairness, Darwin himself did not use the term 'reef-
talus' , and his model notably differs f rom the 'conventional 
reef in two respects. Firstly a conglomerate (rounded 
fragments) is notthe same as the breccia (angularfragments) 
favoured by convent ional reef model lers. Seoondly, he also 
envisaged considerable amounts of f ine grained material 
being deposi ted in the fore-reef area. Thus for Darwin, reef-
talus should be either sandy or conglomerat ic, or both, but 
not a breccia. 

If this model has myster iously entered and permeated 
the ancient reef l iterature as completely as Braithwaite 
bel ieves, it seems that Danwin must have been directly and 
substantial ly influential, though somewhat over looked. Yet 
if his model is as misleading as Braithwaite has argued, we 
must apparent ly also b lame him rather than praise h im 
(though this should not t rouble Darwin unduly). Even so, the 
fault does not lie entirely with Darwin. Someone else must 
have t ransformed Darwin's model by substituting the less 
plausible brecciaf or Darwin's conglomerate and fine grained 
deposits in the fore-reef area. Moreover, Danwin did not 
at tempt any specif ic appl icat ion of his model to a particular 
ancient reef. His footnote ment ions only 'a conglomerate 
l imestone f rom Devonshire ' which he compared with similar 
deposits in the Maldives. 

T h e m i s s i n g l ink? 

S o m e responsib i l i ty for the ' convent iona l r e e f mus t 
there fore a lso fal l on t hose w h o f irst took up the cause 
of mode l l ing for anc ient reefs in part icular . A proper 
histor ical invest igat ion of th is part of the s tory is n o w 
needed but as a start, w e can fo l low a c lue g iven 
inc identa l ly by J u d d [7] . T h e ear l iest re levant re ference 
men t i oned by h im w o u l d appear to be von Rich thofen 's 
[21] f a m o u s accoun t of the T r iass ic of the I ta l ian 
Do lomi tes , an ou ts tand ing p ioneer ing geo log ica l s tudy 
in its o w n r ight. J u d d w a s wr i t ing at a t ime after Danwin's 
death , w h e n the wel l known 'coral reef con t roversy ' w a s 
raging, a n d his in terest in von Richthofen 's wo rk w a s 
p a r t i s a n , in p a r t i c u l a r , t h e g r e a t t h i c k n e s s e s of 
s u p p o s e d l y r e e f a l l i m e s t o n e s o b s e r v e d by v o n 
Richthofen in the Do lomi tes apparent ly cor robora ted 
Darw in 's subs idence theory . Th is is not t he s a m e th ing 
as an application of Darw in 's mode l to anc ient reefs , 
wh i ch J u d d does not d iscuss - t hough his lead is a usefu l 
one . 

Turning to von Richthofen's own text, we find (p.303) 
h im d raw ing an expl ic i t ana logy be tween Darwin 's 
observat ions on modern reefs and the geological features 
that von Richthofen had observed in the Dolomites. In 
particular, he refers to certain small l imestone banks and 
their'Zw/sc/7enr/ff-Sed/>7ienfen'(inter-reef sediments). Von 

Richthofen then clearly takes up Darwin's model of reef 
growth, but instead of conglomerates, he discusses the 
nature and role of 'sctiarfeckige, raufie Bruchstucke', or 
somet imes 'Kalkbruchstucke', (sharply angular, rough 
f ragments of l imestone, or, in effect, a l imestone breccia) 
and their incorporation into the growing reef structure. This 
is surely the same idea as a reef prograding over its own 
reef-talus breccia, and so w e must have here one of the 
earliest outbreaks of 'convent ional reef model ' d isease, as 
appl ied to ancient reefs. 

Von Richtofen's account, however, post-dates the 
publication of Darwin's coral reef book by 18 years. W a s 
von Richthofen really The Missing Link in the guilty chain 
between Darwin's own model and its actual application to 
ancient reefs? Can w e push back the date beyond 1860? 
Answers on a postcard should reach me before the 
bicentenary of Darwin's birth in 2009. 

Going forwards 

Von Richthofen's model , for better or worse, can be traced 
forwards in t ime through the work of others in the Dolomites, 
particularly Mojsisovics, and he in turn inf luenced the 
interpretations by Newell and others of the great Permian 
reef of West Texas (Ed Purdy, pers. comm.) . The breccias 
associated with the Dolomite reefs and those elsewhere 
are real enough, but are they related to growth of those 
reefs in the manner of the 'conventional reef model '? 
Recent researches suggest not [1 ] . It is easy to be wiser in 
hindsight and point out the fallibility of older models. The 
serious point is that other kinds of reef model are necessary, 
based on what has actually been seen, not on what ought 
to have been seen. In this respect, the work by Pomar and 
co-workers on the Miocene reef complex of Mallorca based 
on their 's igmoidal ' reef model , is an interesting alternative. 
Whi le there is no reason yet to suppose that it is universally 
applicable to ancient reefs, any more than the 'conventional 
reef model ' , it is consistent not only with their Miocene 
observat ions but also with those details of modern reefs as 
insisted upon by Braithwaite. 
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Fishing grounds for shrimp in the Arabian Gulf. From Marine Ecology of 
the Arabian Region, Sheppard et al. See p. 23. 

WOMEN DO IT BETTER! 

Men are a greater threat to the health of reefs than women 
(as half the ed i to rsh ipof f lee /Encounfera lways suspected). 
Helen Talge, in a study on the reefs in the Florida Keys in 
1989 (supported by the US Nature Conservancy) , found 
that female scuba divers and snorkellers have significantly 
fewer interactions with the reef fauna and f lora than men. 
She also discovered that divers without gloves touch the 
reef less than those with g loves, and that snorkellers touch 
it less than divers. However, snorkellers are the worst 
culprits for stirring up silt, particularly when some 60 
snorkellers ' t read' water at the same t ime - visibility on a 
shal low reef can be rapidly reduced. 

The 'greenest ' diver is therefore a w o m a n snorkeller 
without gloves who avoids treading water; and we should 
beware the male scuba diver with glovesi The serious 
message in this is of course that training that emphasises 
buoyancy control and encourages people to ' look' but not 
' touch' can go a long w a y to minimising reef damage f rom 
divers. 

Reef Encounter 11, June 1992 

NEWS 

ENVIRONMENTAL CONSEQUENCES OF 
THE GULF WAR 

A recent survey publ ished by Greenpeace conf i rms earlier 
reports [see Reef Encounter 10] that coral reefs in the 
Arabian Gulf have so far survived environmental impacts 
of the Gulf War remarkably unscathed (Greenpeace 1991). 
The survey took place in August and September 1991 
during a cruise by the MV Greenpeace around the Gulf 
taking in Bahrain, Iran, Kuwait, and Saudi Arabia. The 
survey was made primarily using rapid, manta board 
methods, al though more detai led line transect data were 
obtained for a few Saudi Arabian sites, repeating an 
earlier study made there. Unden/vater v ideo transects 
were also taken for later analysis. 

Underwater, none of the reefs examined showed any 
evidence of having been affected by oil spills f rom the Gulf 
War. Unfortunately, some of the best reefs in the Gulf 
(surrounding islands off the Saudi Arabian coast) could 
not be visited due to bad weather. Beaches on these 
islands were affected by oil in March 1991 but no information 
w a s avai lable for the reefs t hemse lves . The report 
concludes that al though there were no visible effects six to 
eight months after the spills, long-term effects f rom toxic 
chemicals could not be ruled out. 

Work has also been underway on the northern Saudi 
coast. Under an EC funded project, a team from various 
institutes in Germany, Belg ium, France and the UK has 
been looking at the impact of oil on nearshore coastal 
communi t ies, including some sites with scattered corals. 
Oil ing was found to be serious in many areas. Their 
project includes the establ ishment of permanent monitoring 
transects, al though unfortunately for those interested in 
corals, few (if any) cross reefs. A sanctuary area being set 
up under this same project at Dhawhat ad-Daf i , Dhawhat 
al-Musal l iamiya and some of the offshore islands will 
however include reefs. 

The Greenpeace survey was made during the summer. 
One of the most serious concerns for the future of the reefs 
was that plumes of smoke from burning oil wells were reducing 
water temperatures below normal in the Gulf. The Gulf is 
already a sea subject to greater extremes of temperature than 
virtually any other reef-supporting area in the world. A greater 
than normal fall in winter temperatures was thus seen as a 
threat to reef survival, particularly if chemical pollution had 
reduced the ability of reef organisms to respond to other 
stresses. An unconfirmed report from a study of shrimp stocks 
in the western Arabian Gulf throughout the winter of 1991 -2 
suggests that temperatures did fall below their normal ranges 
(A.R.G. Price pers. comm.). However, air temperature data 
from two sites do not support this. Effects of the war on other 
Gulf fauna were evident. Spawning biomass of northem shrimp 
stocks was only a tenth of the value two years before, despite 
there having been no fishing for over six months. The future for 
reefs and other life in the Gulf remains uncertain. 

Greenpeace (1991). The environmental legacy of the Gulf War. A 
Greenpeace Report. Greenpeace International, Amsterdam. 1992. 
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MEETING REPORTS 

IV WORLD C O N G R E S S ON NATIONAL 
PARKS AND PROTECTED AREAS 

This vast congress, attracting some 1500 participants, took 
place in Caracas, Venezue la in February 1992. The main 
outputs were the 'Caracas Declarat ion' and the 'Caracas 
Act ion Plan'. The former is the set of conclusions f rom the 
congress and will be presented to U N C E D , the Earth 
Summit , in Brazil this year, by the President of Venezuela. 
The Action Plan consists of 12 priority tasks for improved 
management and deve lopment of national parks and 
protected areas, one of which is the launch of a major 
p rogramme to establ ish mar ine protected areas. 

The Congress was structured around sympos ia and 
workshops, of which three related directly to mar ine issues: 
the science of conservat ion in the coastal zone; regional 
planning, protected areas and the coastal zone; and mar ine 
protected area management tools. 

T h e m a r i n e s e s s i o n s resu l ted in a n u m b e r of 
recommendat ions directed at international organisat ions, 
governments and NGOs, which (in summary) called for 
better integration of mar ine parks in the broader issue of 
coastal zone management ; further research on the role of 
mar ine protected areas in protecting biological diversity and 
achieving ecological ly sustainable use of the coastal zone; 
increasing integrated, mult i-discipl inary, management -
or iented research and monitor ing programmes to provide 
data for the selection, planning and management of marine 
protected areas; improving management of marine protected 
areas; and increasing the involvement of local people in the 
planning and management of marine protected areas. 

Compared with the last Wor ld Congress on protected 
areas, held in Bali ten years ago, this was a huge increase 
in the amount of t ime deveoted to the mar ine environment. 
There was a certain irony in spending so much t ime on 
mar ine protected a reaspe rse , when almost all participants 
felt that the main priority lies in developing mechan isms for 
management of the coastal zone as a whole. Nevertheless, 
mar ine protected areas are key components of coastal 
zone management plans and, where the latter are not yet 
in place, they may be a first step in focussing attention on 
the mar ine environment. 

There was much discussion of the criteria to be used in 
the selection of sites for protection, although disappointingly 
little theory and few case studies to back this up. Given 
current interest in the potential role of marine reserves in 
f ishery management , it w a s a pity that this topic did not get 
an airing. Ian Dight of James Cook University gave one of 
the mos t in te res t ing p a p e r s on the impo r tance of 
understanding habitat connectivi ty through larval dispersal 
when designing marine park systems, and showed howth is 
type of knowledge is starting to be used in management of 
the Great Barrier Reef Marine Park. 

Forfurther information contact: lUCN-the World Conservation 
Union, Ave du Mont-Blanc, CH-1196 Gland, Switzerland. Fax 
41-22-642926. 

Painting by the late Sir Peter Scott. Reproduced 
by kind permission of Lady Philippa Scott. 

ICLARM CORAL R E E F R E S O U R C E S 
SYSTEMS WORKSHOP 

This was held at the the Austral ian Institute of Marine 
Science (AIMS) in Townsvi l le, Austral ia, in March 1992 and 
was attended by about 40 invited participants f rom a range 
of countr ies. ICLARM has identified coral reefs as a major 
area for research in f ishery management and the workshop 
was aimed partly at providing input into planning their 
programme. In addit ion, at the 1991 Commonweal th 
Heads of Government meet ing in Harare, Z imbabwe, 
Austral iaannounced an init iativetomake available Australian 
expert ise and funding for the management of tropical 
marine environments in Commonweal th and othercountries. 
The workshop was therefore partly sponsored by A IDAB 
(Australian International Development Assistance Bureau) 
who will be administer ing the funds for this initiative. 

Following brief presentat ions by all participants, four 
sub-workshops were convened to discuss: conservat ion of 
reef systems and their biodiversity; management , with 
emphasis on coral reef f isheries; aquaculture and resource 
enhancement ; database development and modell ing of 
coral reef systems. The results of these discussions were 
amalgamated as a set of recommendat ions directed at 
ICLARM and at A IDAB. 

The need for international collaborative efforts in coral 
reef resource management, involving host country scientists 
in all steps, was recognised. This calls for better networking 
and co-ordinat ion; roles for ICLARM were def ined, other 
agencies with which linkages should be made were identified, 
and the ASEAN-Austra l ian Marine Sciences Project: Living 

t6 



Coastal Resources, proposed as a good model . It was 
recommended that further resources should be made 
ava i lab le to s t rengthen g radua te and pos t -graduate 
programmes in developing country universit ies. A proposal 
for establ ishing an international coral reef database at 
ICLARI^ , to be called R E E F B A S E , was endorsed and 
recommended for funding. This would complement other 
existing and proposed regional and international databases 
(e.g. the var ious monitor ing databases, f ishery databases). 
It wou ld contain descript ive information on reefs at the 
country and individual reef levels, and a t ime series of data 
cover ing a variety of physical, biological, f isheries and 
management parameters. It would be l inked to a GIS 
system. 

Other recommendat ions to ICLARM included evaluating 
the potential social , economic, environmental and genetic 
impac ts of aquacu l tu re and resource e n h a n c e m e n t 
programmes for reef species, as well as identifying and 
researching the basic biology or prospective species for 
t hese pu rposes , concen t ra t ing on appropr ia te local 
technologies. Other areas of research identified include 
ways in which f isheries management can be integrated into 
the broader issue of coastal zone management ; the 
ecological, social and economic impact of tour ism on reefs 
and its sustainable level; evaluat ion of mar ine protected 
areas as tools for reef management ; and alternative 
management opt ions for reefs such as communi ty-based 
systems. 

The proceedings of the meet ing are scheduled to go to 
press by the end of May and should be available by July. 

Further general information from: Jo/in/Wunro./CMfl/VfSoutfiPac/^fc 
Office, P.O. Box438, Honiara, Soiomon Islands. Fax: (677) 22130. 
Further informatbn on REEFBASEfrom:Dan/e/Pau/3/iRa/herFroese, 
ICLARM, MCP.O. Box 1501, Makati, MetroManila 1299, Philippines. 
Fax: (63) 2-816-3183. 

MEETING ON LONG-TERM MONITORING 
OF CORAL R E E F S 

In December 1991 , a meeting of 18 coral reef and mangrove 
research scientists was convened in Monaco at the Musee 
Oceanographique, to take the initial steps in developing a 
global monitor ing system forcora l ree fs to detect the impact 
of cl imate change and sea level rise on these systems. The 
meet ing was co-sponsored by U N E P (United Nations 
E n v i r o n m e n t P r o g r a m m e ) , IOC ( I n te rgove rnmen ta l 
Oceanographic Commiss ion of Unesco), W M O (World 
Meteoro log ica l Organ isa t i on ) and l U C N (the W o r l d 
Conservation Union),asafol low-uptoameet ing in December 
1990 in Paris at which a 'Long-Term Global Monitoring 
System of Coastal and Near-shore Related Phenomena ' 
related to cl imate change was formulated. Pilot phase 
activities to be developed through this system include: sea-
level rise and coastal f looding, coastal circulation, carbon 
burial in coastal sediments, effects on pelagic plankton 
communi t ies, coral reefs, and mangroves. These would be 
components of IOC's Global Ocean Observing System 
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(GOOS) . The meet ing results and background information 
are descr ibed in IOC report U N E P - I O C - W M O - I U C N / 
GCNSMS- l l /3 . 

At the Monaco meet ing, the focus w a s on mangroves 
and coral reefs. For coral reefs, lists were prepared of the 
min imum and addit ional desirable sets of biological and 
environmental parameters that should be monitored for the 
detection of the effects of cl imate change and sea level rise 
on coral reefs. I twas d e d d e d that the basic methodologies 
tested and used in the ASEAN-Aust ra l ia Living Coastal 
Resources project would be adoptedforw ider use enabl ing 
regional and global compar isons to be made. To date most 
extensive databases for coral reefs have been collected at 
isolated sites, for different purposes and using different 
methodologies. No regional or sub-regional quantitative 
assessments or compar isons of the state of coral reefs 
have yet been undertaken. Collect ion of data under the 
proposed programme using the same methodologies will 
al low a compar ison of the status of reefs in def ined regions 
and sub-regions of the tropics and identification of t rends 
over t ime. 

Participants developed scientificcriteriafor site selection, 
and identified a number of possible representative sites for 
monitoring to cover the geographic range and condit ions 
under which reefs are found. This however is only a 
prel iminary list and many other sites will be substituted or 
added depending on the interest of governments and 
institutions in participating in the programme. Pilot projects 
are planned to commence as early as late 1992, with initial 
site descript ions being prepared during 1992 and 1993. 
Depending on the results and the degree of successful 
col laboration, the programme could be extended to cover 
a wider number of countr ies and sites. 

The meeting recognised that mechan isms for handl ing, 
storing and quality control of data need to be establ ished 
early in the programme. Data will need to be maintained in 
regional databases and shared and co-ordinated globally. 
A possible role for the Wor ld Conservat ion Monitoring 
Centre (Cambridge, U.K) in overall data storage and 
distribution was d iscussed. 

As an initial step in development of the programme IOC 
and U N E P propose to publish and distribute the manuals 
for the approved methodologies in the first half of 1992. The 
proposed programme for coral reef monitoring will be 
presented to an lOC/ IUCN sponsored workshop to be 
convened during the 7th Intemational Coral Reef Symposium 
in G u a m . The interest and possible contributions of the 
wider scientific communi ty involved in coral reef studies will 
be assessed at the meet ing. 

IOC and UNEP, in co-operation with the Associat ion of 
South Pacific Environmental Institutions (ASPEI) have also 
establ ished a Global Task Team on the Implications of 
Cl imate Change on Coral Reefs. Its charge is to prepare a 
global overview of the potential impacts of cl imate change 
on coral reefs, to identify selected case studies for specif ic 
sites, and to advise on scientific and technical aspects of 
proposed long-term global monitor ing activities. The first 
meet ing of the Task T e a m will be held 26-27 June, also 
during the G u a m Congress, and will be chaired by Dr Clive 
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Wilk inson, Chief Technical Adv isor to the ASEAN-Aust ra l ia 
Living Coastal Resources Project. The work of the task 
team will be c losely l inked to moni tor ing programme 
developments al though the exact relationship between the 
two initiatives is not yet clear. 

Further Information from: J.C. Pemetta, lOC/IUCN Consultant, The 
Smithy, Blacksmith's Row, Gayton, Norfolk PE32 IQJ, U.K. Fax/ 
phone: 44-553-636832. 

INTERNATIONAL SYMBIOSIS CONGRESS 

This w a s held in Jerusa lem, Israel, on the 17th to 20th 
November 1991 and organised by Margalith Galun. Sir 
David Smi th , the first p lenary speaker, est imated that 61 % 
of the 165 contr ibut ions dealt wi th symbioses of terrestrial 
plants or fungi . The largest mar ine component concerned 
the cnidarian-algal relat ionship (16% of contr ibut ions, 
including hydra). Subject matter ranged f rom chemical 
analyses (e.g. papers by Ti t lyanov on carbon pathways of 
zooxanthel lae and by Lipschultz and Cook on nitrogen 
assimilation in sea anemones) , to autecology, (e.g. symbiont 
translocation during planulae development in an octocoral 
by Benayahu) . Sys tems analysis also featured with a 
presentat ion by Erez ef al. on the REEFLUX project which 
is investigating biogeochemical interactions of coral reefs 

with the adjacent sea. 
Symbiosis of fish with invertebrates was also well 

represented. Ilan Karplus descr ibed an interaction between 
a shr imp and two gobies whilst pearlf ish and echinoderm 
interactions were the subject of a study by Dgebuadze and 
Britayev. Anemonef ish, the classic symbionts, also featured 
with a study by Daphne Fautin on choice of anemones and 
control of recruitment. Evelyn Cox descr ibed effects of 
partial predation by butterflyfishes on a Hawai ian coral. 
There were also papers on mol lusc and echinoderm 
symbioses, some of them reef-related. 

P a p e r s w e r e o r g a n i s e d t o p i c a l l y r a t h e r t h a n 
taxonomical ly. This strategy worked well to merge land and 
sea in sessions on "Nutrit ional interactions, carbon and 

nitrogen metabol ism", "Symbiosis and development of new 
structures and funct ions" and "Ecological adaptation". 
Sess ions on "Behavioura l symbios is" and "Transport 
mechan isms" were less successful in fostering cross-
d isdpl inary mutual ism, the former being most ly marine and 
the latter terrestrial. 

The congress proved to be a valuable meet ing ground 
for people working at many levels of analysis on a variety of 
systems. So enthusiast ic was the response to it that an ad 
hoc group assembled on the last day to plan the next one, 
tentatively scheduled in around four years for Dundee in 
Scot land or Santa Cruz in Cal i fornia, USA. I hope that more 
mar ine biologists will at tend future meet ings to call the 
attention of "mainst ream" symbio logy to the variety of 
relationships in the sea and the degree to which they are 
understood. 

Daphne Fautin, Dept Systematica & Ecology, Univ. of Kansas, 
Lawrence, Kansas 66045-2106, USA. Fax. (913) 864-5317 

A D E A L T H A T Y O U C A N N O T R E F U S E ! ! 

Vols 1 & 2 of Proceed ings of the 2nd Internat ional 
Cora l Reef Sympos ium exchanged for the vo lume 
f rom the First S y m p o s i u m held in M a n d a p a m , India. 
P l e a s e c o n t a c t : I .G. M a c i n t y r e , S m i t h s o n i a n 
Inst i tut ion, N H B 125, Wash ing ton , D . C , USA. 

y 

COUNTRY PROFILE 

P R O G R E S S IN CORAL R E E F 
CONSERVATION IN INDONESIA 

T. T o m a s c i k , R. H. Djohani , and H. Uktolseya 

Background 

Indonesia has recently become a focus of international 
attention as a result of over-exploitat ion of marine turtles, 
mol luscs and a variety of other natural products derived 
f rom its great diversity of shal low water marine and coastal 
ecosystems. By far the world 's largest archipelago, with 
over 17,000 islands and a coastl ine of approximately 
81,000 km, it is without doubt one of the richest A S E A N 
(Association of South East Asian Nations) countr ies in 
terms of its natural mar ine and coastal resource base. 
Despite this, relatively little has been done to date to meet 
the many chal lenges, al though a good general f ramework 
has been establ ished. A major problem is the lack of 
information on the size and distribution of marine resources. 
While I ndonesia has been identified as a centre of biodiversity 
in the Indo-Pacif ic region, there are few databases to 
provide specif ic information. Even for coral reefs, the 
in format ion ava i lab le is largely too ske tchy for the 
development of appropriate management plans. 
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R e s e a r c h , 

In recent years, Indonesia has exper ienced a boom in 
research. Perhaps the most noteworthy event of the 1980s 
was the Snellius-ll Expedit ion which was organized and 
f inanced by the Indonesian Institute of Sciences and the 
Nether lands Counci l for Oceanic Research. It clearly 
pointed out major gaps in our understanding of tropical 
mar ine shal low-water benthic systems; Indonesia offers a 
great opportunity to plug some of these. The diversity of 
natural systems that abound in the archipelago are a 
researcher's d ream, and there are still reefs that are totally 
pristine as wel l as ones that have been impacted by human 
use for centuries. Comparat ive exper imental field research 
should therefore be a focal theme for researchers in 
Indonesia. The fact that the archipelago lies outside the 
cyclone belt provides an excel lent chance to study other 
natural phenomena, such as earthquakes and seismic 
activity, that may play a signif icant role in the structuring of 
benthic assemblages. 

The results of the Snellius expedit ion were publ ished in 
the Nethierlands Journal of Sea Researcfi, but have failed 
to f ind a large audience in Indonesia mainly because of poor 
distribution. Equally important therefore, is the growing 
amount of reef-related research underway at Indonesian 
universit ies, which is being publ ished locally. This will be 
reviewed in a future issue of Reef Encounter. 

Conserva t ion Efforts 

In the early 1980s, a co-operat ive program between the 
Wor ld Wide Fund for Nature (WWF) and the Indonesian 
conservat ion authority (the Director General of Forest 
Protection and Nature Conservat ion (PRPA)) led to the 
preparation of the 'National Marine Protected Areas System' 
p lan . Th is prov ided a bas is for the se lect ion and 
establ ishment of a system of marine protected areas that 
would maintain the value of f isheries, tour ism, research, 
education, threatened species and habitats in each province. 

Real iz ing that coral reefs, as well as other benthic 
ecosystems such as seagrass beds and mudflats, play a 
key role in national development, the Ministry of State for 
Populat ion and Environment (KLH) in associat ion with 
other agencies, has taken the initiative to assist PH PA in the 
implement ion of Law (Undang-Undang) No .5 ,1990 on the 
Conservat ion of Natural Resources and Ecosystems, which 
was passed in August 1 9 9 1 . This law, in conjunct ion with 
the Environmental Act of 1982, gives KLH the means to co­
ordinate all sectoral departments relating to mar ine and 
coas ta l e n v i r o n m e n t a l m a n a g e m e n t . T o fac i l i ta te 
implementat ion, two conservat ion strategies are being 
developed: one for turt les, with the assistance of the 
Environmental Management Development in Indonesia 
(EMDI) project (a joint project of KLH and Dalhousie 
University, wi th funding f rom CI DA [Canadian International 
Development Agency] ) , and one for coral reefs, wi th 
assistance f rom EMDI and W W F Indonesia. 

The National Conservat ion Strategy for Coral Reef 
E c o s y s t e m s c o v e r s a w i d e br ief : m a n a g e m e n t of 

conservat ion areas; conservat ion and management in 
general of reefs; publ ic awareness and participation of local 
communi t ies in reef managemen t ; f isher ies; tour ism; 
terrestrial and mar ine-based development; environmental 
impact assessment ; educat ion and training; and research 
and development. The fol lowing provides a brief summary 
of some of the issues now being tackled. 

1. Management of conservat ion areas 

One immediate target for the Indonesian government is to 
establ ish 10,000,000 ha of mar ine conservat ion areas 
distributed throughout the country in 85 reserves by 1993, 
with a long term aim of protecting 30,000,000 ha by the year 
2000. At present, 23 sites have been establ ished as Strict 
Nature Reserves (covering c. 2,800,000 ha), including five 
reserves with the status of National Park (Pulau Seribu in 
Jakarta Bay, Kar imun J a w a in Java , Teluk Cenderawasih 
in Irian Jaya, Bunaken in Sulawesi and Taka Bonarate in the 
Flores Sea). A further 7.2 mill ion ha must be gazetted if the 
government is to reach its objective for 1993. 

Equally important is the development and implementation 
of management plans for existing marine protected areas. 
The EMDI project is currently funding a KLH sponsored 
Marine Parks Planning Project with PHPA, to develop an 
appropriate management plan for the recently gazetted 
Taka Bonarate National Marine Park. This is the largest 
atoll in Indonesia (and the third largest in the world) and 
supports an important regional f ishery. Phase I (socio­
economic evaluation) of the project has been completed, 
and currently the atoll is being inventoried using remote 
sensing techniques. A 2-month survey of the atoll is 
p lannedforAugust-September1992toobtain environmental 
and ecological data and to carry out ground truthing. Zoning 
and management plans will be developed on the basis of 
the information gathered. 

In 1989, W W F rev ived its Mar ine Conserva t i on 
Development Program to assist wi th the establ ishment of 
marine protected areas. Joint P H P A / W W F surveys were 
carried out at priority sites and the results led to certain 
projects being developed and funded under the W W F 
program: implementation of management plansf or Bunaken, 
Aru Islands, and Teluk Cenderawas ih ; mar ine activities in 
the protected areas of Ujung Kulon, Bali Barat and Karimun 
Jawa; and donors are now interested in the Togian Islands 
and the Tukang Besi Islands. 

2. Environmental Impact Assessment 

To assist the government in reviewing and planning EIA 
s tud ies , the E M D I pro jec t has p r o d u c e d a set of 
environmental management guidel ines for development 
projects in coral reef areas. 

3. Coastal development 

Eutrophication of coastal waters and increasing sediment 
input f rom poor land management is of great concern to 
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KLH and other government agencies. The EMDI project is 
therefore support ing a 2-year environmental monitoring 
project in A m b o n Bay in the Moluccas. The aims are to: 
identify all anthropogenic impacts (both land- and marine-
based), assess the status of the benthic communi t ies, 
monitor key chemical and physical parameters, identify 
cause -and -e f f ec t m e c h a n i s m s , d e v e l o p approp r ia te 
mitigating responses, provideinformation to the govemment 
and assist local NGOs, and the university and national 
oceanography laboratory in environmental research. This 
study represents the first comprehens ive research effort in 
the Moluccas and provides an opportunity for researchers 
f rom overseas universit ies to participate. 

4. Educat ion and training 

The importance of coral reefs has not yet been adequately 
realised in Indonesia, despite their visible widespread 
deteriorat ion. Until this is rectif ied, progress towards 
successful management of reefs will remain slow. As a 
start, EMDI and KLH have produced a wall poster to attract 
the attention of the general public, the vast majority of w h o m 
have never seen a coral reef or its inhabitants, and W W F 
are developing a national marine conservat ion awareness 
campaign. The main outputs of this will be a range of 
outreach materials, a training manual and other materials 
on conservation techniques, and the training of a permanent 
team of W W F , government and N G O personnel who will be 
respons ib l e fo r c o m m u n i c a t i o n s re la t ing to mar ine 
conservat ion issues. 

A major constraint is the lack of skil led personnel to 
implement sound management practices in coral reef 
areas. Formal and informal training programs for specif ic 
groups such as park managers, rangers, nature-lover 
groups, communi ty leaders and tour ism developers are 
required. The EMDI project is currently funding the writ ing 
of The Ecology of the Moluccas and Lesser Sundas and 
The Ecology of Indonesian Seas. These books are orientated 
towards a wide audience, with a pr imary objective of 
providing basel ine information about mar ine and coastal 
e c o s y s t e m s , r e s o u r c e s a n d h u m a n a c t i v i t y a n d 
development. 

Tomas Tomascik and Henk Uktolseya, EMDI Project, KantorMenteri 
Negara, Kependudukan dan Ungkungan Hidup, Jl. Merdeka Barat 
15, Jakarta 10110, Indonesia; Fax: 62-21-570-5321. Riii Hawari 
Djohani, WWF-lndonesia Program, Jl. Pela No. 3 Gandaria Utara, 
P.O. Box 7928 JKSKM, Jakarta Seiatan 12079. Fax: 62-21-739-
5907. 

ANNOUNCEMENTS 

SURVEY ON R E E F DEGRADATION 

Improved knowledge about human activities that endanger 
reefs is essential for mobil ization of government and public 
concem and development of better conservation measures. 
Scientists who conduct research on reefs and related biota 
possess the best data and most informed opinions on the 
sources of reef degradat ion. Yet , few mechanisms enable 
reef scientists to present their knowledge effectively in a 
manner useful for environmental pol icy-makers. As an 
Amer ican environmental law professor (currently on a 
Fulbright scholarship in Austral ia) I am distributing a policy-
oriented quest ionnaire on sources of reef degradation 
intended to assemble diverse scientif ic observat ions in a 
manner that will support reef protection efforts. Scientists 
can help compi le a more extensive database on worldwide 
reef problems by complet ing this for areas with which they 
are familiar. The quest ionnaire is concise and relatively 
straightforward as it was designed with policy goals in mind; 
and filling out the quest ionaire fo rm should not prove an 
excessive burden. 

Forms will be distributed at the 7th International Coral 
Reef Sympos ium in G u a m this June and by mai l , on 
request. The results will be published in a scientific periodical 
and these and the raw data will be made available to 
interested parties. The survey is intended to serve several 
purposes: identif ication of wor ldwide trends and frequent 
sources of reef damage; provision of information on reef 
issues to international environmental organisat ions and 
national governments; compi lat ion of data that may be 
useful in scientific research projects and may help redirect 
some research agendas toward severe mar ine problems; 
and the generat ion of greater publicity and popular concern 
about reef degradat ion. It offers an opportunity for scientists 
to provide more support for reef conservat ion initiatives and 
to p rov ide bet ter in fo rmat ion on reef cond i t ions to 
environmental pol icymakers. 

Please write for forms to: Professor H.A. Latin, Faculty of Law, 
University of New South Waies, P.O. Box 1, Kensington, NSW2033, 
Austraiia. Phone: (02) 697-2752; Fax (02) 313-7209 

PRACTICAL GUIDE TO CORAL R E E F 
IMPACT STUDIES 

In June 1992, the French Ministry of the Environment will 
pub l i sh a g u i d e on m e t h o d o l o g y for ca r r y i ng ou t 
environmental impact studies in tropical coastal and reef 
environments. The document has been designed to provide 
decis ion-makers, developers and those responsible for 
environmental assessment with practical information on: 
— site reconnaissance; 
— the use of themat io car tography in deve lopment 

problems; 
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— methods of el iminating or reducing the effects of projects 
on the coastl ine or on reefs; 

— techniques for the restoration of degraded sea floor. 
T h e i m p a c t of d i f f e ren t t y p e s of d e v e l o p m e n t 

(construction projects, land reclamation, dredging, mining 
and dredging of coral material , d ischarge of waste water, 
coastal defenses, tourist complexes) on coral reefs is 
summar ised and analysed. The guide has numerous 
illustrations (photos, plans, themat ic maps) relating to case 
studies in the Pacific and Indian Oceans. The different 
methodologies recommended are based on a pragmatic 
approach to the problems, adapted to the constraints 
encountered in the t ropics, part icularly in develop ing 
countr ies. 

The prel iminary version of this document was presented 
a t the annual meet ing of the ISRS at Berkeley in December 
1991 . The French version of the manual will be publ ished 
in June 1992 and presented a t t h e 7th International Coral 
Reef Congress in G u a m . A n English version is planned for 
the end of 1992. 

N4ichel Porcher , the ed i tor of the gu ide and an 
environmental engineer at C E T E l\/lediterranee in France, 
is planning a workshop, in col laboration with S P R E P (South 
Pac i f ic Reg iona l Env i r onmen t P r o g r a m m e ) , on the 
environmental problems of development in coral reef areas, 
at the G u a m congress. The aim is to bring together 
specialists work ing in this appl ied f ield, in order to oompare 
methodologies and techniques, and to reach an agreement 
on a c o m m o n approach, particularly in mapping and 
techniques fo r the protection of reefs of use in development 
projects. Those interested in this workshop should contact 
Michel Porcher or Paul Holthus (from SPREP) at the 
congress. 

Further information from: MicfielPorcher, CETE Mediterranee, B.P. 
37000,13791Aix en Provence Cedex 3, France. Tel42247676-Fax 
42.24 7798. 

THE MARINE CURIO TRADE — 
CONSERVATION GUIDELINES AND 

LEGISLATION 

The U K-based Marine Conservat ion Society has produced 
a 23-page booklet a imed at helping importers and retailers 
of marine curios make informed decisions about the species 
they trade in and encouraging them to support efforts to run 
the t rade on a sustainable basis. Thousands of species are 
collected for the trade, in most cases without any knowledge 
of the consequences. Scientif ically run management 
programmes are the except ion rather than the rule. The 
booklet is not a comprehens ive guide to curios that can or 
cannot be t raded on a sustainable basis, but outl ines 
relevant legislation and gives recommendat ions concerning 
the main groups of animals involved. Regulat ions under 
CITES, the Convention on InternationalTradein Endangered 
Species of Wi ld Fauna and Flora, are descr ibed, and 
examples of national legislation relating to marine curios are 

g iven. Importers and retailers are urged to act like some 
some importers and users of tropical t imber who actively 
campaign for materials that have been harvested on a 
sustainable basis. The booklet is currently being distributed 
within the UK to retailers, but provides useful information for 
other countr ies as wel l . 

The IJIarine Curio Trade - conservation guidelines and 
legislation is avai lable f rom: The Marine Conservat ion 
Society, 9 Gloucester Road, Ross-on-Wye, Herefordshire, 
H R 9 5 B U , UK. A donat ion of US$5.00 (£2) to cover postage 
and packing w o u l d be apprec ia ted . 

CLARIFICATION OF CITES PERMITS FOR 
CORAL SPECIMENS 

Recently there have been a few cases of researchers 
having problems taking coral spec imens out of some 
countries. As descr ibed in Reef Encounter 6, December 
1989, the orders Scleract inia and Coenothecal ia, and the 
families Milleporidae and Stylasteridae are listed in Appendix 
II of CITES (Convention on Intemational Trade in Endangered 
Species of Wi ld Fauna and Flora). C ITES is a imed at 
commercia l t rade in wildlife: Appendix I l-listed species may 
still be traded (provided such trade is legal under national 
legislation in the country concerned) but an export permit is 
required f rom the country of origin and, for imports into 
countr ies of the European Communi ty , an import permit is 
required. 

U nf ortunately for scientists (but essential for the effective 
implementat ion of the convention) C ITES regulations apply 
to scientific as well as commerc ia l specimens. Export 
perm its are obtained f rom theCITES Management Authority 
of the country of export; where import permits are also 
required, as for EC countr ies, these are also available f rom 
the Management Authority of the country of import. There 
should be no problem obtaining these, unless of course the 
country concerned has stricter measures in place. Thus, for 
example, between 22 April 1991 and 2 April 1992, trade in 
all spec imens of C ITES listed species was banned with 
Thai land (because of non-compl iance with regulations). As 
this ban has now been rescinded, it should once again be 
possible to obtain permits to take corals out of Thai land. 

Scientists and scientif ic institutions can also apply for 
registration fo r 'non-commerc ia l 'exchange of CITES-l isted 
species with other registered bodies. Registration is through 
their own CITES Management Authority. For example, the 
Smithsonian Tropical Research Institute in Panama is 
currently applying for registration with the Panamanian 
CITES Management Authority. 

Addresses of C ITES Management Authorit ies should 
be available f rom government wildlife departments of the 
countryconcemed. l fyouhaveproblems,further informat ion 
can be obtained f rom: CITES Secretariat, 6, Rue de 
Maupas, Case Postale 78, CH - 1000 Lausanne 9, 
Switzerland (Fax: 21-20-00-84) or Traffic International, 
219c Huntingdon Road, Cambridge, CB3 ODL, UK (Fax: 
223277136). 
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INFORMATION NEEDED TO ASSIST IN 
PLANNING FOR THE BAY ISLANDS 

MARINE PARK, HONDURAS 

T h e g o v e r n m e n t of Hondu ras is in the p rocess of 
conduc t ing a feasib i l i ty s tudy for the es tab l i shment of a 
Nat iona l Mar ine Park for the Bay Is lands (Islas de la 
Bah ia) . T h e In te r -Amer ican Deve lopmen t Bank has 
e x p r e s s e d s t r o n g i n t e r e s t in s u p p o r t i n g t h e fu l l 
deve lopmen t of a Nat iona l Mar ine Park and coasta l 
m a n a g e m e n t p r o g r a m m e . 

T h e Bay Is lands are approx ima te l y 50 k i lometres 
north of Hondu ras ' Ca r i bbean coast . The re are three 
major is lands: Roa tan , G u a n a j a and Ut i la, and th ree 
sma l le r i s lands and n u m e r o u s o f fshore keys . T h e 
intert idal and coas ta l wa te rs cons is t of a r ich var ie ty of 
cora l reefs , beaches , subt ida l bars , seagrass beds and 
m a n g r o v e s - an a rea of approx imate ly 355 km^. 

T h e res ident h u m a n popula t ion of 25 ,000 is g row ing 
quick ly , largely in r esponse to the rapid inc rease in 
t o u r i s m a n d a s s o c i a t e d d e v e l o p m e n t s . Las t y e a r 
approx imate ly 30 ,000 tour is ts v is i ted the is lands. The 
greates t a t t ract ions by far are d iv ing and snorke l l ing on 
the ex tens ive and var ied coral reef sys tems that sur round 
near ly all t he is lands . 

Acco rd ing to d iv ing magaz ines the cora l reefs of the 
Bay Is lands are a m o n g the best d iv ing s i tes in the 
Ca r i bbean . T h e mos t popu la r si tes offer a b road var ie ty 
of ha rd cora ls , go rgon ians , sponges , and f ish life in 
combinat ion wi th attract ive wal ls , caves, arches, channels 
and c revasses . 

To a id in the ana lyses n e e d e d for th is feasib i l i ty s tudy 
w e ask readers to help us f ind the fo l lowing in fo rmat ion : 

Quant i ta t ive assessmen ts of (1) the impac t of sed imen ts 
genera ted by land use pract ices (part icular ly convers ion 
of fo res ts into range land , or dredge-and- f i l l pro jects) on 
cora l reef sys tems (part icular ly At lant ic reefs) ; and (2) of 
the impact of s e w a g e d ischarges on cora l reefs . W e also 
seek e c o n o m i c da ta concern ing (1) the ef fects on cora l 
reefs of l and -based pro jects des igned to protect reefs 
(e.g. wa te r shed pro tec t ion , s e w a g e t rea tment and sol id 
waste d i sposa l ) ; (2) the cos ts and benef i ts (d i rect 
expenses and revenues and indirect benef i ts) assoc ia ted 
with the es tab l i shment of mar ine parks ; (3) f igures of 
leakage and mul t ip l iers of cora l reef- re lated tour i sm 
expendi tures , (4) the impac t of mar ine parks on actual 
and projected tour i sm; and (5) the receipt of in ternat ional 
non-prof i t f inancia l suppor t for mar ine parks . 

Please send Information or offers of help to: Jens Sorensen or 
Linwood Pendleton, Ordenamiento Ambiental del Desarrollo 
de las Islas de Bahia, PNUD/HON/91/001, Colonia Paimira, 
CalleRepublicade Venezuela, No2109, Tegucigalpa, IVI.D.C. 
Honduras. Telephone and fax: 504 45 10-42. 

BOOK REVIEWS 

THE ECOLOGY OF FISHES ON CORAL 
: R E E F S 

P.P. S a l e (editor) 

Academic Press, SanDiego, USA. 1991. ISBN 0-12-615180-6. 
Price: US$69.95, £42.50. 

This book has had a long gestat ion. It was first conceived 
early in 1987. By the t ime of the Townsvi l le sympos ium in 
1988 it was being ment ioned in conversat ion among fish 
ecologists at large. I first saw the complete draft of one 
chapter in late 1989. However, the book has onlyjust come 
out early in 1992. For many books such a delay between 
writ ing and publication would render the contents rather 
out of date and of l imited use. Not so for this one. There are 
two reasons for this. Firstly, all of the contributors are 
leading workers in the field and therefore privy to the results 
of work under way or in review. This means that there is a 
healthy smattering of 1991 references inculded and even 
one or two still in press. Secondly , Peter Sale has 
encouraged authors to speculate and identify future research 
needs, creating a book which will mould the path of reef fish 
research for perhaps the next decade. 

It is never easy to p roduce a coheren t book f rom a 
d iverse g roup of cont r ibutors but Peter Sa le has done a 
remarkab ly good job . Not on ly has he kept over lap 
a m o n g chapters to a necessa ry m i n i m u m , but he has 
a lso m a n a g e d to squeeze the best out of v i r tual ly all of 
the au thors . T h e book beg ins wi th a 'c rash course ' on 
reef f i shes for non-spec ia l is ts by Sa le . O n e of Sa le 's 
s ta ted a ims wi th the book w a s to m a k e the wea l th of 
in format ion on reef f i shes ava i lab le to those work ing on 
o the r s y s t e m s , f o s t e r i n g e x c h a n g e of i deas and 
coun te r ing the eve r -na r row ing t a x o n o m i c focus of 
eco log is ts . Whi ls t a wor thy a im , I a m uncer ta in that it wil l 
be ach ieved here . I th ink that a shor ter , more focussed 
work by a s ingle author wou ld reach th is aud ience more 
ef fect ively. Whi ls t the chap te rs are all eas i ly access ib le 
to those wi th a backg round in reef f ish eco logy , the 
d iv is ion of labour a m o n g authors makes it diff icult for a 
s ingle t heme to be fo l l owed th rough the book. 

For the specia l is t , t he book is a g e m ! It is d iv ided into 
f ive parts: I Bas ics ; II T roph ic Eco logy ; III Larval and 
Juven i le Eco logy ; IV Reproduc t i ve and Life History 
Pat terns; V C o m m u n i t y Organ isa t ion ; and VI Fisher ies 
and Managemen t . Al l of the twen ty chapters are good 
but m a n y we re ou ts tand ing . T h e fo l lowing is a g rab-bag 
of persona l favour i tes . Chap te r 3 by Howard Choa t and 
Dave Be l lwood p lunges us into the deep history of 
f ishes on reefs. I par t icu lar ly en joyed learn ing about the 
magni f i cent Eocene faunas so beaut i fu l ly p reserved in 
Italy. Ent ire commun i t i es f rozen in t ime, f r om huge rays 
to the t in iest gob ies , perhaps ki l led by a lgal b looms 50 
mi l l ion years ago. Jeff Leis rev iews the pe lag ic s tage of 
reef f i shes (yet again) in Chap te r 8 but saves his best for 
th is book. In a tho rough ly en joyab le accoun t he th rows 
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out the not ion that la rvae can be t rea ted as pass ive 
part ic les t ranspor ted at the w h i m of the o c e a n . If th is 
w e r e the case w e w o u l d f ind it pret ty dif f icult to exp la in 
w h y pat terns of larval d is t r ibut ion s h o w such c lear 
s t ruc tures. Leis, Ben V ic tor and Peter Doher ty in the 
next two chap te rs offer tanta l is ing g l impses into the 
myster ies of larval l i fe. Leis conc ludes that w e shou ld 
look c lose ly at eco log ica l factors act ing on the larval 
s tage for bet ter ins ights into pat terns of se t t lement on to 
reefs. 

T h e h is tory of reef f ish eco logy has been one of 
in tense deba te over the past twen ty years , ref lect ing 
deba tes tak ing p lace in the w ider f ie ld of eco logy . 
A l though general ly amicab le , the argument has generated 
a fair a m o u n t of f ro th . Geof f J o n e s in Chap te r 11 can be 
rel ied upon to ladle a large he lp ing of An t i podean 'good 
sense ' into the deba te w h e n shirt s leeves start to get 
rol led up and the atmosphere turns ugly. Jones concludes 
that there is life after recruitment. Perceptively, he notes 
that w e have been overconcerned with studies of similar 
species, such as damsel f ish, restricting curabi l i ty to detect 
patterns which will form the basis of useful general isat ions. 

Ronald Thresher, as a lways, provides a stimulating 
account of patterns and processes in the 'might-be' realm 
which lies between not much data and none at all. However, 
fo r the uninit iated he is good enough to suggest three ways 
of 'destroying' the hypotheses he erects. To be fair, science 
would be much the poorer without these ' ideas' people to 
enliven the mind when orthogonal and multi-factorial designs 
become too much to bear. 

Dave Wi l l iams provides a fine summary of processes 
generat ing patterns in assemblages f rom small to very 
large scales in Chapter 16. Mark Hixon in Chapter 17 builds 
on material in earlier chapters with an excellent synthesis of 
the relative importance of multiple factors operat ing at 
different t imes during the l i fespan of a f ish. He extends an 
earlier graphical model of Ben Victor's providing an elegant 
summary of interactions among pre- and post-sett lement 
processes. Peter Sale sums it all up in Chapter 19, 
concentrat ing on processes operat ing at small scales. One 
of Sale's main quests over the past few years has been to 
make us more aware of how our interpretations of data are 
coloured by preconcept ions. This is a lesson we can all 
learn much by heeding. 

Wha t emerges f rom this book is a clear message that all 
aspects of a f ish's life are important. How important varies 
among species, f rom place to place and t ime to t ime. The 
search for simple explanatory principles which cross broad 
taxonomic boundar ies is not necessari ly futile but reality is 
as complex as the reef communi ty itself. Such complexi ty 
should not dishearten or perplex. It would be more surprising 
if simplicity were the norm. Mill ions of years of evolut ion, 
divergence, interaction among species and plain chance 
have shaped the communit ies w e see today. Understanding 
those communi t ies is an excit ing chal lenge which will tax 
the minds of ecologists for generat ions to come. 

Callum Roberts, Dept of Marine Sciences and Coastal 
Management, The University. Newcastle, NE17RU, UK. Fax: 91 
222 7891. . •:.:• 

Quit of Suuz 

MARINE ECOLOGY OF THE ARABIAN 
REGION: PATTERNS AND P R O C E S S E S IN 

EXTREME TROPICAL ENVIRONMENTS 

C . R . C . Sheppard , A . R . G . Pr ice & C M . Roberts 

Academic Press, London, UK. 1992. ISBN 0-12-639490-3. Price: 
£29.50 

The seas surrounding the Arabian Peninsula (the Red Sea, 
Arabian Sea and Arabian Gulf) are best known by both 
amateur divers and mar ine biologists for the rich and 
spectacular coral reefs that, as this interesting and stimulating 
book explains, are principally characterist ic of only the 
northern and central Red Sea. But coral reefs are only one 
in a varied mosaic of marine environments that characterise 
the region. It also contains well-developed mangrove stands, 
marshes, seagrass beds, algal communi t ies (including the 
litt le-known seasonal kelp forests of southern Oman) , and 
a range of soft substrata such as sabkha (salt pans), 
beaches and mud-f lats, as wel l as a var ied pelagic 
environment. This book introduces each of them, considering 
the factors and processes that account for their distribution, 
and of the species which inhabit t hem. 

The marine f lora and fauna of the Arabian region were 
amongst the earliest sampled by European scientists and 
explorers, beginning with Forsskal 's ill-fated Arabia Felix 
expedit ion (1761 -67), which first descr ibed so many Indo-
Pacific species. The region was also host to a number of 
eminent 19th century taxonomists, such as Ehrenberg and 
Klunzinger, f rom whose writ ings are taken many of the apt 
quotat ions interspersed among the text. But because of the 
harshness of the region's cl imate, and the difficulty of 
work ing there, only very recently has the overall picture of 
the distribution and variation of its mar ine habitats and 
communi t ies emerged. 

This emerging picture is partly due to the work of the 
increasing number of mar ine laboratories located in the 
region, and partly to renewed interest of visiting scientists. 

23 



Reef Encounter 11, June 1992 

particularly those, including the authors, who became 
involved in studies undertaken with the local U N E P Regional 
Seas Programmes. Many of the results of these different 
research efforts are either dispersed in less accessible 
publications, or have been descr ibed only in the 'grey 
literature' of institutional and consul tancy reports. The 
authors state their first object ive as collating as much as 
possible of this information into one source. In this they 
have been gratifyingly successful ; scientists and students 
working in the region will f ind this an invaluable reference 
book. 

If it was the harshness of the region's environment which 
hindered mar ine research, paradoxical ly it is this same 
harshness, with for example both very high and low water 
temperatures and salinit ies being recorded in the same or 
closely adjacent locat ions, that gives the region as a whole 
much of its interest. This gives the book one of its major 
themes. Cl imat ic and geomorphological gradients and 
variat ion, which are descr ibed in the first section of the book, 
are related to the ecological and biogeographical patterns 
and t rends that the second section considers in turn for 
each of the region's principal habitats and communi t ies. It 
is the review of these patterns and other processes within 
intertidal and shal low-water ecosystems that is the second 
objective of the book. The main chapters resist the temptation 
to collate extensive species lists of uncertain value or 
interest, or to rely on compar ison with accounts of similar 
habitats f rom outs ide the region. Rather they concentrate 
on emphasis ing previously l i tt le-appreciated patterns in 
habitat development and species composi t ion. 

The chapters by Char les Sheppard o n ' Reefs and Coral 
Communi t ies ' and by Cal lum Roberts on 'Coral Reef Fish 
Assemblages ' are most relevant in the present context. 
Sheppard provides the first comprehensive account of 
variation in reef distribution and development throughout 
the region and reviews ecological patterns in the coral 
fauna. Coral diversity is lowest in the Arabian Gulf and 
highest in the Red Sea, the latter having a particularly rich 
fauna even for the Indian Ocean region. In the Red Sea 13 
coral assemblages may be recognised, the result of gradients 
f rom favourable to unfavourable environmental condit ions. 
In areas where condit ions are unfavourable, despite a low 
species diversity, coral cover may still be high. 

Roberts ' chapter on f ish assemblages emphasises the 
discontinuity (occurring at about 20°N) in species composition 
and abundance evident in all dominant reef fish famil ies. 
This matches the change in inshore environment f rom the 
wel l-developed reefs of the north and central Red Sea to the 
poorly developed reefs further south. Habitat change seems 
a likely explanation for dif ferences in f ish assemblages. 
However, other hypotheses are also considered depending 
on differential survival or distribution of larvae. Similarit ies 
in fauna of the Gulf of Suez and of a large sandy bay 
(Aynunah Bay) in the north-eastern Red Sea with reef fish 
assemblages of the southern Red Sea suggest habitat 
differences as a predominant factor, al though Roberts 
favours an explanat ion based on larval processes. Clear 
patterns of variation in f ish abundance and diversity with 
depth are also d iscussed. 

The third sect ion of the book, entit led 'Synthesis' , draws 
together, in one chapter, b iogeographic patterns frequently 
c o m m o n to different habitats and communi t ies and, in a 
second, patterns in ecosystem response to the extreme 
natural stresses of the region. Demonstrat ion of the way in 
which the distribution patterns of different coral species, 
especial ly within the Arabian Sea and Gulf, appear to be 
cont ro l led by g rad ien ts in ex t remes of sal in i ty and 
temperature are especially interesting; recent work in Bahrain 
considerably extends the range of species known to tolerate 
high salinities, and three species live in salinities up to 50°/ 
oo. Here especial ly the book lives up to its subtitle of 
'Patterns and processes in extreme tropical environments'. 

The fourth section tackles the authors' third theme, that 
of the human use of the region's mar ine environment, and 
of its environmental consequences. Separate chapters 
cons ide r f i sher ies , h u m a n uses and env i ronmenta l 
pressures, and coastal zone management . The account 
based on Andrew Price's personal exper ience of the extent, 
apparent effects of, and management responses to the 
Gulf War oil spill (at 6 mill ion barrels still the largest known) 
provides an interesting and topical f inale to the work. 

In summary, this is a st imulat ing and valuable book that 
all scientists and students of marine ecology are likely to find 
indispensable, both as a reference book summaris ing 
current ideas on the shal low water ecology of the region, 
and as a starting point for further investigation. The text is 
well and clearly wri t ten, and relevant data are summar ised 
in clear and attractive f igures. The single black and white 
photographs prefacing each section hint a t the interest and 
diversity of the region; it is a pity that a series of colour plates 
could not have been included since they would have had 
scientific and educat ional value as well as increasing the 
attractiveness of the vo lume. This smal l reservation apart, 
the main weakness of the book is probably also its greatest 
strength. The authors assemble excit ing new ideas on 
patterns and processes, but parts of the text are of necessity 
speculat ive, and somet imes d iscussion of alternative 
hypotheses seems protracted. But these ideas will give 
scientists and students plenty to get their teeth into and 
much to stimulate future research. 

Rupert Ormond, Tropical Marine Research Unit, Dept of Biology, 
University of York, York, Y015DD, UK. Fax: 904415185. 

DYNAMICS OF MARINE ECOSYSTEMS: 
BIOLOGICAL-PHYSICAL INTERACTIONS 

IN THE OCEANS 

K.H. Mann and J . R . N . Lazier . 

Blackwell Scientific Pulolications, Oxford, UK. 1991. ISBN 0-86542-
082-3. £24.95, papertrack. 

Seldom does a book lives up to the publ isher 's hype. This 
one does. It synthesises advances in mar ine ecosytem 
research made by physicists, biogeochemists and biologists 
in the 1970s and 1980s into a coherent and proselytisingly 
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interdisciplinary whole. The book is directed at readers with 
their roots in biology rather than physics and presentation 
of the physical side is fairly elementary, emphasiz ing 
important physical processes so that the biologist can 
understand how these influence biological processes. The 
presentation assumes a substantial knowledge of biology 
and concen t ra tes on recent exc i t ing d e v e l o p m e n t s 
particularly those cutting across discipl ines. In an effort to 
make the physics more manageable and to stop it destroying 
the f low of the argument in the text, details of physical 
processes are separated off in boxes which can be 
sidestepped on initial reading and tackled piecemeal later. 
This works well and the contents of most of the boxes, 
unlike Pandora's, are found on opening to be innocuous. 

The book is divided into 4 parts. Part A deals with 
processes operat ing on a scale of less than one ki lometre 
and explores v iscous boundary layers, turbulent mot ion, 
vertical structure and the influence of small-scale properties 
of seawater on the life of plankton. Part B deals with 
processes on a scale of 1-1000 ki lometres and cont inues 
discussion of vertical structure providing a clear exposit ion 
of the physics of coastal upwel l ing. It also deals with fronts 
in coastal waters, t ides, tidal mixing, internal waves and 
their biological signif icance. Part C explores processes on 
asca le of thousands of ki lometres, discussing circulation of 
major ocean currents and complexit ies such as meanders, 
cold-core and warm-core rings, and mesoscale eddies. The 
El Niho-southern oscil lation (ENSO) , and its effects on 
primary productivity, zooplankton, fish stocks and coral 
reefs (finally gett ing a mention!) in the Pacific are also 
descr ibed. 

There fol lows a t imely exploration of the physical and 
biological roles of the oceans in global cl imate change. 
Coral reefs briefly feature in an all too brief discussion of the 
signif icance of biological f ixation of carbon in calc ium 
carbonate skeletons. Apparent ly over t ime volcanoes have 
released around 50 x 10® giga tonnes of 0 0 ^ into the 
a tmosphere and some 50 x 10® giga tonnes of carbonate 
sediments (and 20 x10®gigatonnes of organic matter) have 
been deposi ted in the oceans. Without oceans to form 
these sediments, CO^ concentrat ions would be so high that 
Earth would be as hot as Venus (+400°C), we are told. 
However, unfortunately alkalinity changes associated with 
C a C O j deposit ion increase the partial pressure of 0 0 ^ in 

surface waters so that contrary to intuition reefs and the 
c a r b o n a t e ske le tons of p lank ton ic o r g a n i s m s (e .g . 
coccol i thophores and foraminiferans), al though removing 
carbon, are not the sinks for atmospher ic CO^ w e might at 
first think (Kinsey and Hopley 1991). I still have difficulty 
reconcil ing these scenarios of apparent historical alleviation 
of the greenhouse effect with present day aggravation of it 
or neutrality. Presumably it is all a quest ion of t ime scales? 
Perhaps someone can explain what the various scales are. 

Finally, Part D of the book looks to the future. As marine 
ecology comes of age as an integrated discipl ine, the 
authors see the search for a general ised theoret ical 
f ramework revolving around three quest ions. 1 . Is there a 
common mechan ism to account for the occurrence of high 
biological productivity in avar iety of physical environments? 
2. To what extent are events in mar ine ecosystems 
determined by the physical processes? (Do physical factors 
feed f ish?). 3. How can we develop concepts and models 
that span the enormous range of scales in marine ecology, 
f rom the microscopic to the global and f rom seconds to 
geological ages? 

Throughout, the book is well-written and highly readable 
and, as the publisher's blurb says, 'captures the excitement 
of current developments in the f ield'. This latter quality is 
important as it is the one which is most likely to inspire the 

Figure borrowed from 
'A National Coral Reef 
Strategy for Thailand' 
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next generat ion of mar ine ecologists. The book plugs a gap 
in the col lege text-book market in its cross-discipl inary 
approach and I hope it will be widely adopted in marine 
biology and biological oceanography undergraduate courses 
to bridge the unfortunate divide which still tends to persist 
in the teaching of mar ine physics and mar ine biology. If this 
book cannot dispel the feeling prevalent among many 
mar ine biology students that the physics and chemistry of 
the mar ine envi ronment are somehow peripheral to their 
primarily biological interests (where equat ions are an 
endangered species), nothing wil l. For professional mar ine 
biologists the book is agreat broadenerof the mind al lowing 
relatively painless sort ies into uncharted territories as and 
when desired. 

Kinsey, D.W. and Hopley, D. 1991. The significance of coral reefs as 
global carbon sinks - response to Greenhouse. Palaeogeog. 
Palaeoclimatol. Palaeoecol. 89: 363-377. 

Alasdair Edwards, 0)ept of Marine Sciences and Coastal Management, 
Tfie University, Newcastle, NE1 7RU, UK. Fax: 91222 7891. 

CORALS AND CORAL COMMUNITIES OF 
ARABIA 

C . R . C S h e p p a r d and A . L . S . Sheppard 

Reprinted from Fauna of Saudi Arabia 12:3-170. 1991. Copies 
available at a cost of £10 sterling from Dr diaries Sheppard, Deptof 
MarineSciencesandCoastalManagement, The University, Newcastle, 
NE1 7RU, UK. 

Corals and Coral Communities of Arabia is exactly what 
reef scientists working in the Red Sea, The Gulf, and the 
Arabian S e a have been await ing for years! At last we have 
a beautifully il lustrated taxonomic guide to the region written 
by field biologists, who have supplemented toil over museum 
spec imens with thousands of underwater observat ions. 

All of the shal low water corals known f rom Arabian seas 
are descr ibed and il lustrated: a total of 220 species. 212 
black and white plates show detai led calice structure, and 
117 colour photographs show what the corals actually look 
like underwater. The latter are extremely useful, nay 
essent ial , for accurate field identif ication. Making the jump 
from skeleton to live coral underwater has never been easy 
but is greatly simplif ied here. The genus and species 
descriptions are very readable, and after absorbing the 
additional information presented on distribution (obtained 

AJWC 

f rom 50,000 presence-absence records), habitat, depth 
range, and abundance, you begin to feel that you might now 
be able to accurately identify corals. As one who has tr ied, 
this is no mean achievement. 

A useful appendix summar ises the distribution data 
and , instead of long lists of synonyms, a few recent 
references are cited pertaining to the present name in use. 
Several species and genera are reinstated or newly 
descr ibed and synonymy is extended in many genera. In 
the past there has been much fiddling around with species 
designat ions, often based on remarkably few specimens. 
Since coral morphology is generally very plastic, the museum 
specimen approach somet imes results in a proliferation of 
species where only one or a few are present. The great 
strength of the revisions presented in this work is that they 
are solidly based on extensive field obsen/at ions of corals 
under a wide range of condit ions. 

In addit ion to taxonomic work, the authors also address 
quest ions concern ing cora l commun i t y compos i t ion . 
Throughout the review particular emphasis is placed on the 
effect wh ich env i ronmenta l grad ients have on coral 
morphology and ecology. The authors briefly outl ine the 
different reef systems and non-reef communit ies occuring 
throughout Arabia; and then go on to describe 13 basic 
coral communi t ies identified using cluster analysis. Those 
wishing to see an even more detai led ecological t reatment 
should refer to Marine Ecology of the Arabian Region, also 
reviewed in this issue. 

Rt lempt ing l uch o 
phml t l va t r ick to cap iuro 
u i aduanced c reo tu re i . 

Cartoon by Phil Davies 
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Since the Arabian area shows considerable taxonomic 
affinities with the Indian Ocean , the work will provide a very 
useful reference to people working throughout this region, 
and should be of general interest to all coral biologists. I 
highly recommend it. 

Julie Hawkins, Dept of Marine Sciences and Coastal Management, 
Tfie University, Newcastle, NE1 7RU, UK. Fax: 91222 7891. 

B O O K S H E L F . 

MONITORING ECOLOGICAL CHANGE 
Ian F. Spellerberg 
Cambridge University Press, Cambridge, UK. 1991. 334 pp. ISBN 0-
521-42407-0. £15.95 (paperback), £45 (hardback). 

There is now great interest in monitoring amongst reef scientists and so 
Ian Spellerberg's book provides a timely overview of what the subject 
is about and how monitoring is being used. He explores these themes 
with copious examples, primarily from terrestrial disciplines but also 
including a few marine. 

The first section of the book introduces local, national and international 
organisations involved in monitoring programmes. This-, followed by a 
review of ecological theory relating to sampling design and interpretation of 
results. The final section focuses on some important applications of ecologi­
cal monitoring such as pollution control and consen/ation. 

Although there is very little specific information about reefs this is 
a useful, well written, general text which should be of interest to anyone 
involved in monitoring studies. 

WORLD ATLAS OF HOLOCENE SEA LEVEL CHANGES 
P.A. Pirazzoli 
assisted by J. Pluet 
Elsevier Oceanography Series Volume 58, Elsevier, Amsterdam. 1991. 
300pp. ISBN 0-444-89086-6. Price: US$ 100/Dfl 195.00. 

Changes in sea level throughout the Holocene are of particular interest 
to coral reef scientists and this book will be welcomed by the many who 
have wrestled with incomplete and scattered information in the primary 
literature. The atlas assembles some 800 local relative sea-level 
curves deduced from field data from thoughout the world and compares 
them with over 100 curves predicted by geophysical models. The data 
have been compiled into 77 regional plates, indexed geographically, 
each with 4-20 curves drawn to the same scale. The book concludes 
with a critical review in which improvements to methodology are 
outlined and future research directions suggested. The book should 
prove to be a valuable reference work for a wide variety of scientific 
pursuits involving coral reefs. 

FISHES OF THE GREAT BARRIER REEF AND CORAL SEA 
J.E. Randall, G.R. Allen and R.C. Steene 
Crawford House Press, Bathurst, Australia. 1991. 508pp. ISBN 1-
86333-012-7. Price: A$59.95. Available from the publisher at P.O. Box 
143, Bathurst, NSW 2795, Australia. Fax: (61) 63 322654. 

Here is a long-awaited identification guide to the fishes of one of the 
most diverse regions of the globe by two of the most respected coral 
reef fish taxonomists and one of the world's best underwater photog­
raphers. With such a combination of talent, who can fail to be im­
pressed? The book covers 1,111 species, more than 90% of the Great 
Barrier Reef's known fish fauna. Most are illustrated with underwater 
photographs, and where possible, juvenile or sex-related colour phases 
are shown. Species for which there are no photographs available are 
shown in beautifully detailed paintings by Roger Swainston. Scientists 
beware: with the wealth of identification material presented here and in 
other recent books on fish there should be no excuse for getting 
species names wrong in future! 

From the editors' 
postbag! 

. A c o u p l e o f c i a y s 

1 read Reef 
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A found i t to 
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DAMSELFISHES OF THE WORLD 
G.R Allen 
Mergus Publishers Hans A. Baensch, Melle, Germany. 1991. 271pp. 
ISBN 3-88244-008-2. Price: £33. Distributed by Aquarium Systems. 

It may surprise some to learn that the best studied family of reef fishes 
has only now been given a full taxonomic treatment. However, the 
reality is that the vast majority of studies have covered only a tiny 
fraction of this highly diverse family. Gerry Allen's latest book builds on 
two earlier books he wrote on damselfishes: Damselfishes of the South 
Seas and Anemonefishes. It covers all of the more than 300 species 
of damselfishes described to date (including 16 new species). Most are 
illustrated in colour in underwater photographs but dead specimens are 
shown for a few and some are illustrated in paintings by Roger 
Swainston. Although species accounts provide only enough informa­
tion for identification, text and tables elsewhere cover systematics, 
zoogeography, feeding habits, ecology, behaviour and notes for 
aquarists. Despite one or two inconsistencies between text and tables, 
the book is an excellent reference for everyone interested in 
damselfishes. 

CRITIQUE FOR ECOLOGY 
R H . Peters 
Cambridge University Press, Cambridge, UK. 1991. 366pp. ISBN 0-
521-40017-1 Hardback, 0-521-39588-7 Paperback. Price: Hardback 
US$79.50, £45.00; paperback US$29.95, £17.95. 

Here is a book to stimulate the critical faculties. Peters strikes at the 
heart of thinking in contemporary ecology with a clear and well-argued 
critique of the way in which ecologists do their science. The crux of the 
thesis presented is that science is a process used to reach conclusions 
about our world through prediction but that ecology generally lacks 
predictive power and therefore is unscientific. Peters reveals the 
weaknesses in the way ecologists think and in doing so shows how 
ecology can become a more useful science with which to tackle the 
huge environmental problems which face us now or loom in the future. 
Although directed at ecologists, this book has many lessons for those 
in other branches of biology and is a very worthwhile read. 

NOTES FOR CONTRIBUTORS 

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 expedition reports and announcements, we aim to have 
discussions and debates 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 carries scientific 
papers only, in that it provides an outlet for book reviews, discussion of 
papers in the journal and a correspondence column (Upwellings). It 
also carries short reviews of recent trends and developments in reef 
research or events that bear on reef studies. In the tradition established 
by the first editor. Reef Encounter is cheerfully illustrated, with cartoons, 
newpaper 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 material will not normally be refereed or 
returned for corrections. Opinions expressed and errors of fact will 
have to remain largely the authors' responsibility. No published item 
should be taken as ISRS opinion unless indicated. 

Please help by sending items of not more than 2,000 words in 
length and in double-spaced typescript, or on diskette using the 
Multimate, WordPerfect or Wordstar packages, or as ASCII text files. 
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 
at present, although we hope eventually to be able to afford photo­
graphs. 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 List abbreviations in 
references. Please use metric, or imperial-with-metric units, but not 
imperial units on their own. Do not forget to give your name and full 
address, or any other contact address where applicable. 

We have no regular reprint system, but contributors will receive a 
free copy of the relevant issue. 

DEADLINE FOR COPY FOR REEF ENCOUNTER 12 (due out 
December1992) IS OCTOBER 1ST 1992. 

Sue Wells and Callum Roberts 
Dept of Marine Science Fax: (091) 221 7891 
& Coastal Management Telex: 53654 UNINEW G 

The University Phone: (091) 222 6656 
Newcastle-upon-Tyne NE1 7RU 
U.K. 

Produced by: The Nature Conservation Bureau, 36 Kingfisher Court, 
Hambridge Road, Newbury RG14 5SJ , UK. 

Printed on recycled paper. 

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

Name: l/we enclose a cheque (in U S $ O N L Y please) of: 

U S $ 6 0 for F U L L membership 
Address: US$1G for S T U D E N T membership 

U S $ 7 0 for S P O U S E membership 

Cheques to be made payable to: 

j j ^ l g . INTERNATIONAL SOCIETY FOR REEF STUDIES 

Send completed application form and your cheque to: 

Fields of interest: Dr Daphne Fautin, Treasurer, Dept of Systematics and Ecology, 
University of Kansas, Lawrence, Kansas 66045-2106, USA. 
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