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From  ocean to a q u a r iu m

Foreword

Most of us at some time or another have enjoyed the 
retaxing experience of gazing into an aquarium, in 
a dentist's waiting room or during a speciat visit to 

a pubtic aquarium. In admiring the ptayfutness of ctownfish 
wriggting amongst the anemones' tentacles, the grace of 
angetfish swimming in open water and in our detight at 
spotting reclusive shrim p and crabs craw ling behind 
iridescent living corats, it is alt too easy to overtook the fact 
that alt these wonderful creatures are far from the ir natural 
home. The great majority of animats in aquaria across 
Europe and North America were collected from corat reefs 
far away and flown, bagged in plastic and packed in 
styrofoam boxes, thousands of mites to our hospitals and 
living rooms.

This report, From Ocean to Aquarium : The Giobai 
Trade in Marine Ornamental Species, takes a clear objective 
took at this international industry. A potential source of 
income for communities living close to corat reefs, the 
aquarium trade has been heavily criticised for the use of 
unsustainable collection techniques and poor husbandry 
practices. Policy makers have been faced w ith something of 
a dilem m a in trying to contro l the environm enta lly

undesirable aspects of the industry w ithout risking the 
economic incentive which aquarium fishers have in caring 
for the corat reefs that provide the ir livelihoods. Where 
previously much controversy existed between opponents 
and supporters of the aquarium trade, most of it based on 
polarized opinion and poor information, this publication 
presents sound quantitative data on the species in trade. 
Through linking trade data to what is known about the life 
histories of the target organisms, conservation priorities 
and management recommendations are identified.

I have great pleasure in presenting this report and 
wish to extend the gratitude of the authors to the long list of 
collaborating organizations and companies that have made 
it possible. I am confident that the information contained 
here w ilt assist efforts to promote sustainable practice 
w ith in the industry, as w e ll as providing information to 
casual admirers of marine organisms.

M a rk  C o llin s

Director
UNEP World Conservation Monitoring Centre
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From ocean to aquarium

Executive summary

B etween 1.5 and 2 million people worldwide are 
believed to keep m arine aquaria. The trade  
which supplies this hobby with live m arine  

animals is a global m ulti-m illion dollar industry, worth 
an estimated US$200-330 million annually, and oper
ating throughout the tropics. Ornamental m arine  
species (corals, other invertebrates and fish) are  
collected and transported mainly from Southeast Asia, 
but also increasingly from several island nations in the 
Indian and Pacific Oceans, to consumers in the main 
destination markets: the United States, the European 
Union (EU) and, to a lesser extent, Japan.

Very few of the species in trade are exploited 
directly for other purposes, and there is little  doubt that 
aquarium  anim als are the highest value-added product 
that can be harvested from  a coral reef. If managed 
sustainably, the trade could support jobs in predom inantly 
rural, low-incom e coastal com m unities and so provide 
strong economic incentives for coral reef conservation in 
regions where other options for generating revenue are 
lim ited. However, damaging techniques occasionally used 
to collect the animals, possible over-harvesting of some 
species and the high levels of m orta lity  associated w ith 
inadequate handling and transport of sensitive living

B lu e s t re a k  c le a n e r  w ras s e ,  L a b ro id e s  d im id ia tu s .

organisms underm ine this potential, and continue to pose 
significant challenges to achieving sustainability. As a 
resu lt the trade has seldom  been free of controversy as 
traders try to generate a profit, conservationists try  to 
avoid fu rthe r decline in coral reefs also suffering from  
other pressures, and policy makers try  to assemble a 
legislative fram ew ork that protects coral reefs w ithout 
threatening a legitim ate business activity or the incomes 
of com m unities engaged in aquarium  fishing.

In the main, this debate has taken place w ithout 
access to im partia l and quantitative data on the trade and, 
w ith so many different viewpoints, achieving consensus 
on its impacts, and hence the identification of suitable 
responses, has been difficu lt. In 2000, the United Nations 
Environment Programme World Conservation Monitoring 
Centre (UNEP-WCMC), the Marine Aquarium  Council 
(MAC) and members of various aquarium trade asso
ciations began, in collaboration, to address this need for 
be tte r in fo rm ation  and created the Global Marine 
Aquarium Database (GMAD). Trade data have been obtained 
from  wholesale exporters and im porte rs  of m arine 
aquarium organisms, most often through copies of trade 
invoices, integrated and standardized into quantitative, 
species-specific inform ation which has been placed in the 
public domain: www.unep-wcm c.org/m arine/GM AD. Fifty- 
eight companies, approximately one-fifth of the whole
salers in business, and four government management 
authorities have provided data to GMAD. In August 2003 
the dataset contained 102,928 trade records (7.7 m illion 
imported and 9.4 m illion exported animals) covering a 
tota l of 2,393 species of fish, corals and invertebrates and 
spanning the years 1988 to 2003. These data have 
perm itted the most accurate quantitative estimates to date 
of the size of the global trade in m arine ornam ental fish 
and corals, and the firs t ever estimates for invertebrates 
other than corals, a previously overlooked section of 
the industry.

FISH
A tota l of 1,471 species of fish are traded worldw ide w ith 
the best estimate of annual global trade ranging between

6
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Copperhead  but te r fly f i sh , C he lm on  rostra tus-, f rom  ocean to a qu a r ium

20 and 24 m illion individuals. Damselfish (Pomacentridae] 
make up a lm ost ha lf of the trade, w ith  species of 
angelfish (Pomacanthidae], surgeonfish (Acanthuridae], 
wrasses (Labridae], gobies (Gobiidae] and butterflyfish 
(Chaetodontidae] accounting for approximately another 
25-30 per cent. The most traded species are the blue-green 
dam selfish (Chrom is viridis), the clown anemonefish 
(Am phiprion ocellaris), the whitetail dascyllus (Dascyllus 
aruanus), the sapphire devil (Chrysiptera cyanea) and the 
threespot dascyllus (Dascyllus trimaculatus). The ten most 
traded species account for about 36 per cent of all fish 
traded for the years 1997 to 2002. Trade data, correlated 
w ith aquarium suitability information, indicate that two 
species known not to acclimatize w e ll to aquarium con
ditions are nonetheless very commonly traded. They are the

bluestreak cleaner wrasse (Labroides dimidiatus-, GMAD 
records 87,000 worldwide imports of this species from  1997 
to 2002] and the mandarin fish (Synchiropus splendidus-, 
GMAD records 11,000 live individuals exported to the EU 
in the same period]. Data fu rther indicate that species 
characterized as 'tru ly  unsuitable', mainly due to their 
restricted dietary requirem ents, such as the foureye 
butterflyfish (Chaetodon capistratus), the harlequin filefish 
(Oxymonacanthus longisrostris) and the Hawaiian cleaner 
wrasse (Labroides phtirophagus), are also com m only 
traded, albeit in lower numbers.

CORALS
A to ta l of 140 species of stony coral, nearly a ll 
sc le ractin ians, are traded w orldw ide, w ith  the best

7
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C ora l  co l le c te d  fo r  trade .

estim ate of annual global trade ranging between 11 and 
12 m illion  pieces. Although difficu lties associated w ith 
accurate coral identification probably make species data 
less reliable fo r corals than fo r fish, it is c lear that species 
in seven genera (Trachyphyllia, Euphyllia, Goniopora, 
Acropora, Plerogyra, Catalaphyllia ] are the most popular, 
accounting for approximately 56 per cent of the live coral 
trade between 1988 and 2002. Sixty-one species of soft 
coral are also traded, amounting to close to 390,000 
pieces per year. Sarcophyton spp. (leather/m ushroom / 
toadstool coral] and Dendronephthya spp. (carnation 
cora li are two of the most commonly traded species. 
However, w h ils t the biology of the fo rm er makes it a 
hardy, fast-grow ing and easily propagated species under 
aquarium  conditions, Dendronephthya spp. usually die 
w ith in  a few weeks, mainly due to the fact that they tack 
photosynthetic symbionts and rely on filte ring  particles 
and nutrien ts in the w ate r column for food.

INVERTEBRATES
More than 500 species of invertebrates (other than corals] 
are traded as m arine ornam entals, though the tack of a 
standard taxonomy makes it d ifficu lt to arrive at a precise 
figure. The best estimate of global annual trade ranges 
between 9 and 10 m illion animats, m ostly molluscs, 
shrim ps and anemones. Two groups of cleaner shrim p, 
Lysm ata  spp. and Stenopus  spp., and a group of 
anemones, Heteractis  spp., account fo r approximately 15 
per cent of alt invertebrates traded.

Overall, there is a pressing need fo r basic 
inform ation on the population dynamics and life history 
characteristics of organism s targeted by the ornam ental 
trade. Combined w ith  accurate trade data, such 
in fo rm ation  is essentia l fo r m aking m ore in form ed 
decisions regarding the sustainable collection of marine 
ornamentals.

O ther e ffo rts  needed to achieve susta inable 
management of the aquarium  trade include the continued 
developm ent and w ide r app lica tion  of th ird -p a rty  
certification, whereby the consum er is empowered to 
assist in reducing the environm ental impacts of the trade 
by selectively purchasing specim ens produced in an 
environm entally friendly manner. A t the source country 
level, the im plem entation of measures such as quotas 
and size lim its, and restricted access to the ornam ental 
fishery through, fo r example, the use of perm its and 
the establishm ent of areas closed to the fishery, are 
recommended where appropriate, though proper con
sulta tion is essential. Further research in developing 
m aricu ttu re  pro tocols fo r ra is ing com m only traded 
species in source countries, to take pressure off w ild 
stocks and to avoid removing livelihoods from  local 
communities, should also be promoted. To date, only 
one-fifth of giant clams are cultured, white only 1-10 per 
cent of fish and fewer than 1 per cent of corat species are 
capable of being captive bred. Even fewer species are 
bred in com m ercia l quantities.

C le a n e r  s h r im p ,  S te n o p u s  spp.
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Introduction

A lthough reefs cover less than one quarter of 1 per 
cent of the marine environment, they are 
considered to be amongst the most biologically rich 

and productive ecosystems on Earth, often described as 
the ‘rainforest of the seas'1,2. Coral reefs support over
4,000 species of fish (or a third of the world’s marine fish 
species), about 800 species of reef-building corals3, and a 
great number of other invertebrates and sponges.

Coral reefs provide m illions of people w ith benefits, 
both direct and indirect, including fisheries, tourism  and 
coastal protection2. Most coral reefs are located in develop
ing countries, w ith m illions depending directly on them as a 
source of protein and, at least in part, for the ir livelihoods. 
Reefs also support an im portant array of non-food com
mercial fisheries including the marine ornamental fishery.

It is generally acknowledged that the collection and 
export of tropical marine fish for the aquarium trade started 
in Sri Lanka in the 1930s, on a very sm all scale4,5. Trade 
expanded during the 1950s, w ith an increasing number of 
places (e.g. Hawaii and the Philippines] issuing perm its for 
the collection of species destined for the marine aquarium 
trade1,6. Although demand has fluctuated and trends vary 
from  year to year, the overall value of the marine fish trade, 
accounting for about 10 per cent of the international orna
mental fish trade (marine and freshwater included], has 
remained fairly stable in recent years. Figures for exports 
of live pieces of coral, on the other hand, showed annual 
growth of 12-30 per cent from  19907 until 1999, only stabi
lizing in the last three years.

It is estimated that 1.5 to 2 m illion people worldwide 
keep marine aquaria8, w ith 600,000 households in the 
United States alone9. Estimates place the value of the m ari
ne ornamental trade at US$200-330 m illion per year10,11 
w ith 80 per cent of the trade in stony corals and 50 per cent 
of the trade in marine fish going to the United States12.

Unlike freshwater aquaria species, where 90 per 
cent of fish species are currently  farmed, the great m a
jo r ity  of marine aquaria are stocked from  wild caught 
species13. With nearly a ll tropical marine aquarium fish 
and invertebrates in trade taken directly from coral reefs 
and adjacent habita ts, the aquarium  indus try  has

S p e c i e s  i n c l u d i n g  s t r i p e d  t h r e a d  f in ,  Polydactylus plebeius.

attracted some controversy14"17, particularly regarding its 
sustainability18. The high visibility of marine ornamental 
products has made the trade a magnet for critic ism 19. 
Articles in the press have tended to focus on the negative 
impacts of the trade w ith headlines often making the

Value of the aquarium industry

Th e  a q u a riu m  in dustry  as  a w h o le  is of re la tive ly  low  

v o lu m e  y e t v e ry  high v a lu e 21,26, th u s  p o te n tia lly  

providing an incentive to conserve ree f h a b ita ts 17,30 and  

offering  a livelihood to coasta l com m u nities  often living  

in lo w -in co m e  a reas . In 2 0 0 0 ,1  kg of a q u a riu m  fish from  

th e  M ald ives  w a s  valued  a t a lm o s t U S $500 , w h e re a s  

1 kg of ree f fish harvested fo r  food w a s  w o rth  only  

U S $ 6 31. S im ila r ly , th e  live co ra l tra d e  is es tim a te d  to  be 

w o rth  about U S $7 ,00 0  p e r  ton ne  w h e re a s  th e  use of 

harvested  co ra l fo r  th e  production of lim e s to n e  y ie lds  

only about U S $60  p e r to n n e 32. In P a lau , live rock is 

exp orted  fo r  th e  a q u a riu m  tra d e  a t U S $2 .2  to U S $4 .4  

p e r  kilo  w h e re a s  it is sold lo ca lly  as  construction  

m a te r ia l fo r  less than  U S $0 .02  p e r  k ilo33. S ri Lanka  

e arn s  about U S $5 .6  m illio n  a y e a r  by exporting  ree f fish  

to  around 52 c o u n tries5 and e s tim a te s  indicate  th a t

50,000  peop le  a re  d irectly  involved in th e  exp ort of 

m a rin e  o rn a m e n ta ls 34. In th e  P h ilipp ines , abou t 7 ,000  

co llec to rs  depend on th e  ree fs  fo r  th e ir  live lihoo d35.

à A î y  Ï  ■ Ï 1 tflfiÉ
¿y-

m

S u
Har lequ in  tusk fish , C hoerodon  fasc ia tus. Typical re ta il va lue 

can be as m u c h  as U S $ 1 15 fo r  an A us t ra l ian  spec im en .
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S e a ho rse  f i s h e r m a n  in the  P h i l ipp in es  at n igh t.

assumption that the trade of marine ornam entals is 
incompatible w ith reef conservation.

Opponents to the trade emphasize:
□  the damaging techniques sometimes used to collect reef 

specimens20,21; sodium cyanide for example is a non- 
setective technique used to capture fish that adversely 
impacts the overall health of fish and corat and also kilts

22 23non-target organisms '
□  the over-harvesting of target organisms5,13,17, M, and
□  the high levels of m ortality associated w ith insensitive 

shipping and poor husbandry practices along the supply
chain21,25,26

Some regulation has already been established; more is 
being catted fo r17 and may follow. With more than 2.2 billion 
people (39 per cent of the world 's population] living within 
100 km of the coast27, corat reefs are facing an increasing 
plethora of threats such as pollution, sedimentation, corat 
bleaching, overfishing and tourism. Reefs of Southeast Asia, 
the most important source of the m ajority of animats in the 
marine ornamental trade, are particularly at risk, w ith 88 
per cent of alt reefs at medium to very high threat from 
anthropogenic impacts28. It is therefore im portant that 
aquarium species' collection does not fu rther compound 
these problems29.

Supporters of the trade maintain that, if managed 
property, the aquarium industry could support long-term  
conservation and sustainable use of corat reefs. Some 
collection techniques have m inim al impact on corat reefs. 
Wett-managed shipping and husbandry practices, partic
ularly relevant in the case of fish, can also allow mortality

levels to be kept to m inim al levels (as has been shown by 
some operators in the industry]. In addition, aquarium 
animats are the highest value-added product that can be 
harvested sustainably from corat reefs, so collecting and 
exporting marine ornamentals in developing countries 
creates jobs in rural, tow-income, coastal areas26 where 
resources and alternative options for generating income 
can be lim ited. Aquarium fisheries therefore have the 
potential to provide an alternative economic activity for 
coastal populations, an im portant source of foreign 
exchange for national economies5 and a strong economic 
incentive for the sustainable management of reefs. They 
may also help foster marine conservation by providing a 
strong incentive for subsistence fishers to harvest wild 
populations sustainably so as to maintain fish stocks and 
reef environments in good condition.

Domestic or public saltwater aquaria can provide a 
unique opportunity to educate the public about corat reefs 
and increase awareness and understanding of what is, for

13 21 30the most part, a hidden ecosystem 1 1 . By allowing people 
to explore the complexities and appreciate the beauty of 
reefs, the need for creative solutions to environmental 
problems can be illustrated. In addition, an understanding of, 
and respect for, reefs can be sparked among users who are 
ultimately responsible for their conservation38.

Only 1 per cent (about 25 species]36 to 10 per cent6,37 
of marine ornamental fish are captive-bred and probably 
less than 1 per cent of the total trade in hard corals is 
derived from cultured origins32. The development of m ari- 
cutture facilities could in theory allow pressure to be taken 
off w ild populations. It should preferably be located in the
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Pe t i tes  î les  de ta Sonde, a s p e c im e n  c o l le c t io n  s i te  in Indonesia.

mostly developing source countries, in order not to deprive 
these nations of the income generated by trade. The 
application of international certification schemes" may 
provide an im portant tool for achieving this. Although s till in 
its infancy, the Marine Aquarium Council (MACI certification 
process has made some considerable progress (see 
chapter on Conservation efforts, p 48). As more certified 
organisms become available, aquarium hobbyists w ill be in 
a position to make purchases in the knowledge that the 
organisms they are buying have been collected and trans
ported according to a set of agreed and monitored standards.

The controversy over the environmental costs and 
benefits of the trade continues, largely due to a lack of 
quantitative data. Global species trade data are available for 
a ll species of hard coral and giant clams that are listed in 
the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES)1" on Appendix II 
(species vulnerable to exploitation but not yet at risk of 
extinction). Shipments of corals and clams involving Parties 
to the Convention must be accompanied by a CITES export 
perm it issued by the national CITES management authority. 
Parties to CITES are then obliged to produce annual reports 
specifying the quantity of trade that has taken place in 
each listed species. No marine aquarium fish (although 
Hippocampus spp. w ill be from  15 May 2004] or 
invertebrates, other than clams or corals, are listed in 
CITES Appendices.

The Global Marine Aquarium Database (GMAD) was 
set up in 2000 as a collaborative project between the United 
Nations Environment Program m e World Conservation 
Monitoring Centre (UNEP-WCMC), MAC and members of

trade associations in exporting and importing countries 
(e.g. the Indonesia Coral, Shell and Ornamental Fish 
Association (AKKIII, the Philippine Tropical Fish Exporters' 
Association (PTFEAl, Ornamental Fish International (0FI|, 
the Ornamental Aquatics Trade Association (OATAll. It 
compiles accurate quantitative information on the aquarium 
trade through centralizing and standardizing sales records 
provided by aquarium wholesalers. Relevant information 
from  these records is then placed in the public domain.

This study presents an up-to-date report on the 
m arine aquarium  trade. It f irs t brie fly describes the 
organizational structure of the trade both in source coun
tries and at destination. The next chapter then introduces 
existing sources of data on the aquarium trade wh ilst the 
chapter on Analysis of trade data presents statistics and 
analyses of the trade in corals, fish and invertebrates 
derived from GMAD and other sources of information (e.g. 
CITES] where applicable. Conservation issues, including the 
use of destructive collection practices, impacts on marine 
ornamental populations, species' suitability for aquarium 
conditions, issues of invasive species and user conflict aris
ing from the marine aquarium industry, are discussed in the 
chapter of the same name. The chapter on Conservation 
efforts presents steps taken by the industry and future 
efforts to be made at local, regional and global levels to 
ensure the marine ornamental trade develops sustainably 
w h ilst providing local communities w ith livelihood oppor
tunities, promoting reef conservation by giving local people 
an incentive to maintain the ir reefs in a healthy state. The 
fina l chapter concludes the report and provides some 
recommendations based on its findings.
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From ocean to aquarium

Or g a n i z a t i o n  
of the t r a d e

T he organization of the marine ornamental trade is 
complex and extrem ely dynamic. In exporting 
nations it is likely to involve a series of collectors/ 

fishers, wholesalers, middlemen and exporters, while in 
importing nations it involves a number of importers, 
wholesalers, retailers and, more recently, transhippers.

COLLECTION
Collectors tend to be sm all-sca le fisherm en from  tropical 
countries who w ork alone or in sm a ll groups, often 
composed of fam ily units, and who are e ither se lf- 
employed or working fo r a wholesaler/exporter. They 
typically w ork w ith  artisanal equipment, w ith divers often 
using wooden palms as fins39. Fish are collected using 
nets (e.g. hand nets, cast nets] and fishing lines. In Sri 
Lanka and the Maldives collectors catch most of the ir fish 
using hand nets20. In A ustra lia40’41, the Pacific region42 
and Florida43 fishers often use much la rger barrier, drop 
o r fence nets.

C o llecting fish effective ly, w ith ou t in flic tin g  
damage to e ither fish or substrate, requires considerable 
s k ill and experience6. At times, special techniques are 
developed for collecting pa rticu lar species. In Sri Lanka, 
fo r example, fishers make use of sm all, tubu la r nets for 
capturing species that live in sm a ll holes. Using a fine rod 
the fish are 'tic k le d ' out of th e ir  cavity into a net 
stra teg ica lly placed at the burrow 's entrance44"16. In areas 
of Southeast Asia where aquarium  fisheries are most 
developed, fishers are assisted by a m ethod called 
'hookah', whereby compressors are installed on the ir 
vessels and connected to long plastic tubes that divers 
bite between the ir teeth o r to which a regulator is 
attached.

Some co llection m ethods can be pa rticu la rly  
damaging to the substrate. Previously, in Sri Lanka for 
example, sm a ll cast nets used to be draped over corals 
and fish scared into them  by hitting the coral w ith  a stick. 
This method was recently banned due to damage inflicted 
upon the reef6. Branching corals, which provide she lte r to 
a variety of fish, are often snapped off to extract any fish

Fish being bagged fo r  export .

hiding in between branches20. In some countries, such as 
Indonesia and the Philippines, collectors stun fish w ith 
poison, to make the ir collection easier. The most common 
poisons used are sodium cyanide and quinaldine. The 
extent to w h ich cyanide is used is discussed in 
Conservation issues, under Destructive harvesting 
practices.

Collectors harvesting corals and o ther im m obile 
invertebrates (e.g. sponge] also often use hookah and a 
hammer, iron crowbar, chisel or screw driver to remove 
targe t colonies. A lthough specim ens are pre fe rab ly 
removed w ith a sm a ll portion of the reef to which the 
organ ism  is a ttached45, m in im a l damage is usually 
inflicted to the surrounding reef or connected corals46. 
Typically, collectors tend to target sm all-s ized colonies of 
hard and soft corals that can be removed whole. However, 
som etim es only fragm ents are taken45.

Upon collection, fish, corals and invertebrates are 
placed separately in plastic containers or individual bags. 
Coral pieces tend to be covered w ith  plastic w rap to 
prevent in jury45. To avoid the fishes' a ir bladders rupturing 
due to decreasing hydrostatic pressure associated w ith 
ascent, individuals caught on deeper parts of the reef are 
often placed in a dark mesh cage and lifted to the surface 
very slow ly (3 m every 30-40 m inutes47] to a llow  the ir 
bladders to decompress. The deeper the fish have been 
caught the slower they need to be brought to the surface, 
ranging from  hours to days depending on the species' 
sensitiv ity48. To avoid the wait, fishers often bring the fish 
to the surface im m ediate ly and pierce the inflated swim 
bladder w ith  a hypodermic needle. When perform ed w e ll 
and w ith  a clean needle this method is considered safe42.

Fisherm en typ ica lly bring collected fish and 
invertebrates back to shore the same day. However, in 
areas of the Philippines and Indonesia where collection 
sites tend to be fairly isolated, fish may be on board the 
boat for several days before being landed49. Once ashore, 
fish and invertebrates are placed in separate holding tanks, 
or immediately packaged for transport and/or export.

Collectors are usually paid fo r the num ber of

12



Organ iza t i on  of t he  t r ade

fish/invertebra tes they have collected and prices fo r 
ind iv idua l species vary greatly  depending on th e ir  
popularity on the market. However, there is a fa irly  targe 
discrepancy between the sum  they earn and prices paid 
by the end consumer. In Indonesia, fo r example, a fisher 
typically receives US$0.10 for every orange ctownfish 
(Am phiprion percula] collected yet an Am erican hobbyist 
is likely to pay US$1 250. The greater the num ber of 
m idd lem en employed in the m arke t chain between 
co llector and wholesaler, the higher this discrepancy is 
like ly to be. A study carried out in the Philippines showed 
that, of the price paid for fish by exporters, about 85 per 
cent went to m iddlem en whereas only 15 per cent went to 
co llectors51.

At the ir origin, fish are quarantined (this can last 
from  a few hours to a few months] and starved for at least 
48 hours prio r to shipm ent to ensure they do not foul the ir 
bags. Most fish (and invertebrates] are then packed in 
double polyethylene bags fitted w ith one third w ater and 
two th irds oxygen, seated and placed in a cardboard box 
(often re inforced w ith  polystyrene foam  fo r added 
insulation]. Aggressive species are placed in opaque bags 
o r have paper placed at the bottom of the bag to m inim ize 
stress. To avoid putting the health of fish at risk, a 
recommended maxim um  travel tim e of 40 hours has been 
suggested for shipm ents (with 24 hours being considered 
reasonable]47. For each consignment a licence has to be 
issued allowing it to leave the exporting country. Cartons 
of corat species and giant clams need to be accompanied 
by the relevant CITES perm its. Although practices vary 
between individual countries, a health certificate issued 
by the local veterinary services is usually required before 
the shipm ent is declared for customs. Further in fo r
mation on shipping practices in the ornam ental industry 
can be found in Cote ef a/.25.

AIRLINE TRANSPORT
In te rn a tion a l a irlin e  com panies transp o rt fish from  
exporting to im porting states. Shipping charges are the 
main reason behind the discrepancy between marine 
ornam ental prices in the exporting country and fina l reta il 
price -  in the case of fish, shipping charges often 
correspond to approximately half to two th irds of the 
landed price incurred by the im p o rte r39. T ransport 
associations such as the In ternational A ir Transport 
Association (IATA]IV and the An im at T ransporta tion 
Association (AATA]V organize and manage the transport of 
live m arine ornam entals. Fish are packaged according to 
a lis t of criteria  set out by these organizations.

AT DESTINATION
At the receiving end, im porters must clear the shipment 
w ith customs and the consignment undergoes another 
veterinary check. However, critic ism  has been expressed 
towards the tatter as there is a general tack of veterinary 
contro l and individuals perform ing the checks are often not 
qualified to examine fish. The im porter then transfers the 
shipm ent to a wholesale facility and the boxes are opened 
under dim ly tit conditions to minimize stress to the fish. 
Individuals are quarantined in order to acclimatize them to 
life in captivity, particularly to new feeding cycles and 
different water chemistry. Care is taken to keep certain 
species separate and provide others w ith  she lte r to 
m inim ize aggressive behaviour and associated stress and 
thus ensure maximum survival rates. Following acclima
tization, fish are e ither sold to other wholesalers or 
retailers or re-exported. Invertebrate species tend to be 
kept separately from  fish species. Appropriate lighting, i.e. 
the provision of the right colour spectrum  at the appro
priate intensity, is of crucial importance to the survival of 
corat species. Unlike fish species corals do not need to be 
acclimatized prio r to being shipped or sold.

In recent years, wholesalers have found it more 
and more d ifficu lt to remain established, mainly because 
of the introduction of transhipping, but also due to the 
expansion of garden centres and pet superm arkets. 
These centres tend to sett fish (and to a lesser extent 
invertebrates] in bulk quantities at tow prices. They also 
often tack qualified staff, which frequently results in a 
tack of in form ation and technical advice at the point of 
sate and a tack of in terest from  the purchaser39.

Transhipping
Transhipping is an activity that emerged during the 1970s 
and 1980s. It involves grouping the orders of several 
reta ilers and/or wholesalers and placing them  w ith  an 
exporter, collecting the shipm ent at the airport, clearing 
customs and red istribu ting the boxes w ithou t opening

Bagged spec im ens .
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Divers'  b rea th in g  e q u ip m e n t  (hookahs)  on deck.

them 39. The responsibility fo r the entire shipm ent fatts 
onto the retailer. A lt transhippers require to operate is a 
telephone, fax and vehicles to pick up shipm ents upon 
arrival. Where additional services, beyond picking up the 
consignm ent, c learing  custom s and transp o rt are 
required, the activity is referred to as 'consolidating '39. In 
the ta tte r case, a more complete service is provided 
whereby the transh ipper takes responsibility fo r the fish 
during a 48-hour period follow ing delivery and offers 
refunds for any animats that died during transport39.

Increasingly, particu la rly  in Europe, transhippers 
are required to hold a licence in order to operate39. 
However, no sk ills  w ith  respect to fish handling are 
necessary to obtain such a licence. Transhippers do not 
need targe facilities to acclim atize m arine fish, and so 
they can afford to sett individuals at half the price that 
wholesalers would charge. Despite severe critic ism  about 
the qua lity  of transh ipped invertebra tes and non- 
acctim atized fish these businesses are expanding in 
Europe, unlike in the United States where increased 
com m ercia l use of the Internet has ted to a decline in 
the num ber of transh ippers11. In response to critic ism , 
and to abide by the Marine Aquarium  Council Standards 
and Certification“', transhippers are transform ing the ir 
businesses to be able to provide increased quality and 
services.

Despite the advent of transh ipp ing and con
so lida ting , established w holesalers who are able to 
m aintain a core set of customers as retailers are only able 
to im port directly through transhippers if they have both 
au thoriza tion  from  the ve te rina ry  services and the 
required and appropriate equipm ent/in frastructure for

Boxes at the  a irport.

acclim atization40. Moreover, the results of a survey of US 
marine ornam ental wholesalers revealed that firm s in 
states outside Florida believed there was a growing 
m arket for sm alt environm entally conscious companies53.

GOVERNMENTS
Governments of many exporting countries often play an 
im portan t rote in the trade of m arine ornam entals, 
ranging from  financial assistance to improved manage
ment schemes and trade regulations21. Certain countries/ 
states set fishing quotas (e.g. Florida43], prohibit co l
lection from  certain sites (such as designated restricted 
areas in Hawaii] or prohibit certain capture methods (such 
as cyanide in Indonesia], Rules and regulations naturally 
vary from  one country to the next. In the European Union 
(EU], fo r example, traders m ust contact the appropriate 
national m in is try  (e.g. M inistry of the Environment] and 
file an application fo r technical certification as w e lt as 
declare alt im ported and exported goods to the M inistry 
of Finance39.

ASSOCIATIONS
Individuals involved in the m arine ornam ental industry 
often jo in forces and form  associations or syndicates. 
Examples include AKKII, PTFEA, the Singapore Aquarium  
Fish Exporters' Association (SAFEAl, OFI, OATA and the 
Pet Industry Joint Advisory Council (PIJACl. The last is 
the w orld 's largest pet trade association, representing alt 
segm ents of the pet industry  inc lud ing re ta ile rs, 
w holesalers/d istributors, companion anim at suppliers, 
m anufacturers, m anufacturers' representatives, hobbyist 
groups and other trade organizations.
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Sour ces  of 
t r a d e  data

Unknown species of echinoderm (sea star) in an aquarium.

A ll species of giant clams and stony coral are listed 
in Appendix II of CITES, an international agree
ment that protects w ild life  by ensuring that 

international trade is based on sustainable use and does 
not threaten the survival of a species in the wild. The 
treaty, established in 1973 and which entered into force 
in 1975, currently has 162 Member Parties. Species 
listed in Appendix II can be traded, provided an export 
permit accompanies shipments and a ‘non-detriment 
finding’ is made (i.e. the collection is not detrimental to 
the survival of the species).

Although one of the benefits of the Appendix II 
listing is that it allows for global trade to be monitored, there 
are a number of difficulties associated w ith implementing 
CITES in relation to the aquarium trade. Due to the com
plexities of coral identification, exports of corals need only 
be identified to genus level -  under the provisions of the 
Convention, exports usually have to be identified to species 
level. Within one genus the abundance and distribution, and 
thus threat of overcollection (and that of other impacts], of 
individual coral species varies immensely. Hence, issuing 
CITES permits at genus level may lead to certain species 
being driven to extinction through overcollection7. Further 
lim itations include differences in traded numbers between 
reported and actual exports, differences in units recorded 
(e.g. specimens and kilos], and confusion arising in cases 
where corals are imported and then re-exported w ithout 
appropriate reference to the country of origin54. However, an 
expert group established in 2000 is to discuss and revise 
listing requirements .

The EU has been fu lly implem enting CITES since 1 
January 1984. On 9 December 1996, it adopted Council 
Regulation (EC] No. 338/97 on the Protection of Species of 
Wild Fauna and Flora by Regulating Trade Therein (OJ L61 
of 3/3/97] which entered into force on 1 June 1997. 
Commission Regulation (EC] No. 338/97 lists species on 
four Annexes“" :
□ Annex A: A ll CITES Appendix I species and some CITES 

Appendix II and III species, for which the EU has adop

ted s tric te r domestic measures, as w e ll as some non- 
CITES species.

□ Annex B: A ll other CITES Appendix II species, some 
CITES Appendix III species and some non-CITES 
species.

□ Annex C: CITES Appendix III species not listed in other 
Annexes.

□ Annex D: Some CITES Appendix III species for which the 
EU holds a reservation and some non-CITES species. 
Seahorses are listed under Annex D. Species listed on 
Annex D require an im port notification, to be completed 
by the im porter, upon entry into the EU. In theory, a ll 
im ports of Annex D species should be recorded, but in 
practice it is likely that there are some discrepancies in 
the trade data.

Besides CITES, and for species not listed under the 
Convention's appendices, national governments routinely 
produce statistics, through customs or other officia ls with 
responsibility for m onitoring trade, regarding the export or 
im port of marine ornamentals, particularly fish. Unfor
tunately, the utility  of these trade data may be lim ited as:
□  trade categories are rarely fu lly reported6, and
□  data are often aggregated so that marine fish are 

categorized as 'tropical fish' and combined w ith fresh
water fish, in some cases even including invertebrates 
(e.g. starfish, sea cucumbers, marine molluscs] or other 
commodities under the same category8,26,53.

Even in cases where trade statistics are available through 
government sources, difficu lties often arise because of the 
use of different units. Exports and im ports tend to be 
registered by value (e.g. US Customs and imports to the 
nations of the EU] and/or weight rather than num ber of 
individuals. Import values are always higher than export 
values as the form er include the costs of livestock and 
carriage as w e ll as insurance and freight56 whereas for 
exports the value of the organisms is declared w ithout 
packing, freight, tax or transport6. Trade statistics available
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as weight values include w ater and packaging, hence 
substantially overestimating the volume of live material, 
especially for fish and non-corat invertebrates. Moreover, 
trade data obtained through customs' statistics should be 
treated w ith caution as some operators have been known to 
overstate quantities on th e ir invoices fo r insurance 
purposes8, or on other occasions understate quantities so 
as to reduce the amount of tax payable and keep annual 
shipments w ith in the individual allowable quotas57. In Hong 
Kong, a study comparing information obtained from  trade 
statistics w ith data collected through m arket surveys 
indicated that officia l declarations of im ports are under
reported by at least two- to three-fo ld24.

In very few cases w ilt countries report trade 
statistics in term s of the num ber of specimens exported. 
Singapore and the Maldives present exceptions to this, 
holding governm ent records of the num ber of marine 
ornam ental fish exported, showing a to ta l of 1,294,200 
fish being exported in 1998 for the form er, and 262,641 in 
1997, 182,916 in 1998, and 167,000 in 1999 for the ta tte r6. 
Furtherm ore, in order to com ply w ith  governm enta l 
guidelines for obtaining a licence, collectors in Vanuatu, 
Tonga and the Solomon Islands are required to subm it 
records of the ir exports, in term s of num ber of each 
species exported8. State governments in Austra lia are 
unique in that they require collectors to reg ister catch 
data as opposed to export data41.

Royal angetf ish, P yg o p lite s  d ia ca n th u s  (left) and a n u d ib ra n c h  (right).

Thus, the available sources of data generally 
provide, at best, qualitative information and tittle reliable 
quantitative information on numbers, countries of origin 
and destinations of the main species in trade8.

THE GLOBAL MARINE AQUARIUM DATABASE (GMAD)
Since A p ril 2000, UNEP-WCMC and MAC have been 
collaborating w ith m embers of trade associations such as 
AKKII, PTFEA, SAFEA, OFI and OATA to establish GMAD as 
a freely available source of inform ation on the global 
aquarium industry. The common objective of GMAD is to 
gather, integrate, collect, standardize and provide fast and 
easy access to data on the trade of individual species by 
placing this inform ation in the public domain, through a 
web-searchabte interface (h ttp ://w w w .unep-w cm c.org / 
marine/GMAD).

For the ir own files, companies keep records of the ir 
sates, e ither on company com puter databases or, more 
commonly, as paper copies of the ir invoices. Although the 
way in which companies register the ir trade records varies, 
att records show species name, quantity, date and usually 
origin and/or destination. A num ber of these companies 
provided UNEP-WCMC with access to the ir sates records. 
These data have been processed, checked and formatted: 
species names have been verified and electronic data from 
different electronic systems placed into a single standard
ized database. As at August 2003, GMAD contained 102,928
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Clown anem onefish, A m ph ip rion  oce llaris.

records. Data records in GMAD cover 2,393 species (corals, 
other invertebrates and fish] from  1988 to 2003. In order 
to avoid confusion, unless otherwise stated, the term  
invertebrates w itt be used to refer to att invertebrate 
species other than corats.

Each record in GMAD is the to ta l num ber of 
specimens traded for a unique combination of: species 
name, country of export, country of im port and year. 
However, for im porters' data, a targe number of records 
were submitted by wholesalers w ithout inform ation about 
country of origin.

GMAD trade data are finked to two externat 
databases:
□  FishBase58 for photographs of fish species, and fish 

distribution and taxonomy, and
□  the Species Conservation Database59 for information on 

invertebrate taxonomy, distribution, relevant legislation, 
conservation status and associated lite ra tu re  and 
common names.

It is im portant to note that trade data cannot be pooled 
because some of the contributing im porters trade with 
some of the contributing exporters. Hence, pooling data 
would create duplications. In order to avoid such confusion, 
GMAD was designed to attow for im port and export data to 
be queried separately.

As an example, if interested in the num ber of

clown anem onefish (A m ph ip rion  o c e lla r is 1 traded 
between Indonesia and the United States for the year 1999 
one can calculate two numbers. The first, based on 
im porters ' data, shows that 4,223 Am phiprion ocellaris  
were im ported into the United States from  Indonesia 
between those years. The second number, based on 
export data, shows that 5,565 specimens were exported 
from  Indonesia to the United States. As of August 2003, 
GMAD contains export data from  20 Indonesian 
companies (though most of the data provided pertains to 
corat exports], and im porte rs ' data from  fou r US 
wholesalers. There are, of course, other companies in 
Indonesia and the United States trading in Am phiprion  
oce lla ris  that have not contributed the ir data to GMAD, 
and therefore these figures are jus t a quantitative tota l 
based on data contributed to GMAD by August 2003.

As a consequence of this, GMAD cannot be used 
to calculate net volumes of trade in any one species, or 
between any pair of countries. Calculations of quantities of 
specimens traded in a particular species w itt be more or 
less indicative of the trade in this species depending in part 
on the proportion of operational wholesale export and 
im port companies contributing data to GMAD. However, it 
is a very useful toot as an indicator of trends and, for the 
firs t time in the case of fish and invertebrates, it allows 
estimates based on quantitative, ra ther than qualitative, 
data to be derived.
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Ana l ys i s  of 
t r a d e  data

T he following section w ill describe analyses of 
CITES data for trade in stony corals and giant 
clams, Annex D data for seahorses and GMAD data 

for fish, corals and invertebrates. Based on sales data 
supplied by the 58 companies in GMAD and applying the 
method described in Green8 the best estimate of annual 
global trade is between 20 million and 24 million for 
marine ornamental fish, 11-12 million for corals and 9- 
10 million for marine ornamental invertebrates.

FISH
Records w ith in  GMAD for marine ornam ental fish range 
from  1988 to 2003. However, the data are not un iform ly 
d istributed and most data were collected fo r the years 
1998 and 1999 for im porters' data and 2000 and 2001 for 
exporters' in form ation. Data provided by im porters and 
exporters show that a to ta l of 7,938,828 fish and 3,588,406 
fish respectively were traded between 1991 and 2003. 
(See Table 1.]

According to data held in GMAD a to ta l of 1,471 
species of fish are traded globally. Most of these species 
are associated w ith  corat reefs although a relatively high

Blue -g re en  d am se l f ish ,  C h ro m is  v ir id is .

Table 1 : Total number of fish traded as 
ornamentals

As der ived f r o m  expo r te rs '  and im p o r te rs '  data  in 
GMAD.

Year Total fish trad ed  
(e xp o rte rs ’ data)

Total fish trad ed  
( im p o rte rs ’ data)

1991 - 530,612
1992 - 639,070
1993 - 541,063
1994 - 467,715
1995 - 550,028
1996 8,540 812,661
1997 5,268 629,847
1998 15,739 1,326,953
1999 642,961 1,383,106
2000 1,695,414 605,532
2001 1,122,217 434,760
2002 94,084 17,481
2003 4,183 -

Total 3 ,5 8 8 ,40 6 7 ,9 3 8 ,82 8

Figure 1 : Global trade of fish broken down by family

a. A cco rd in g  to expo r te rs '  data  in GMAD b. A c c o rd in g  to  im p o r te rs '  data  in GMAD

Others 13% Pomacentr idae
47%

Others 17% Pomacentr idae
43%

Call ionymidae 2% 
M ic rodesmidae 2% Blenniidae 2%

Blenniidae 3% Serran idae 2%
Serran idae 3% M ic rodesmidae 2% 

Cal l ionymidae 3% |
m

Chaetodontidae 4% 

Pomacanth idae 6%
Chaetodontidae 4% 

Gobiidae 5%
Acan thur idae  6%
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Labr idae 6%

boDiicias i / o

Labridae 7% Acan thur idae  8% Pomacanth idae 8%
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num ber of species are associated w ith  other habitats 
such as seagrass beds, mangroves and mudflats.

According to data provided by exporters, the 
Philippines, Indonesia, the Solomon Islands, Sri Lanka, 
Australia, Fiji, the Maldives and Palau, together, supplied 
more than 98 per cent of the to ta l num ber of fish exported 
between the years 1997 and 2002. (See Table 2.]

GMAD trade records from  im porters for years 
1997-2002 showed that the United States, the United 
Kingdom, the Netherlands, France and Germany were the 
m ost im portan t countries of destination, com prising 
99 per cent of a ll im ports of marine ornam ental fish. 
Exporters' data revealed Taiwan, Japan and Hong Kong to 
be im portant im porting areas. (See Table 3.]

Looking at the most commonly traded families,

species of Pomacentridae dominate, accounting for 43 per 
cent (according to im porters' data in GMAD] of a ll fish 
traded. They are followed by species belonging to 
Pomacanthidae, Acanthuridae, Labridae, Gobiidae, 
Chaetodontidae, Callionymidae, Microdesmidae, Serrani
dae and Blenniidae. (See Figure 1.1

For the years 1997-2002, the b lue-green 
dam selfish (Chrom is viridis), the clown anemonefish 
(Am phiprion oceiiaris), the w h ite ta il dascyllus (Dascyllus 
aruanus I, the sapphire devil (Chrysiptera cyanea) and the 
threespot dascyllus (Dascyllus trim aculatus) are the most 
com m only globally traded species. (See Table 4, overleaf.] 
The top ten species together account for 36 per cent of a ll 
fish traded from  1997 to 2002, according to data provided 
by im porters.

Table 2: Main source countries of marine ornamental fish

Tota l  n u m b e r  of f ish  t ra d e d  as der ived  f r o m  expo r te rs '  and im p o r te rs' data  fo r  the y e a rs  1 99 7  to  2 0 0 2  in GMAD. P e rcen tage  of
to ta l  t ra d e  fo r  ind iv id u a l  c o u n t r ie s  is a lso  p resen ted .

Origin No. of fish exported % of to ta l no. of Origin No. of fish exp orted % of to ta l no. of
(e xp o rte rs ’ data) fish trad ed (im p o rte rs ’ data) fish trad ed

P h i l ipp in es 1 ,5 2 3 ,8 5 4 43 U n k n o w n 3 , 5 5 6 , 7 7 2 81

Indones ia 9 4 3 ,0 5 9 26 Indones ia 3 1 6 ,3 5 5 7

S o lo m o n  Is la nd s  4 1 6 ,2 6 2 12 F iji 2 3 7 ,8 7 2 5

Sri Lanka 183 ,5 3 7 5 P h i l ipp in es 8 1 ,2 9 4 2

Aus t  ra lia 173 ,323 5 Sri Lanka 6 0 ,2 2 0 1

F iji 131 ,746 4 S o lo m o n  Is la nd s  2 5 ,7 3 2 1

M ald ives 78 ,0 1 8 2 M ald ives 2 2 ,1 6 5 1

Pa lau 6 3 ,4 8 2 2

Total 3 ,513,281 99 Total 4 ,3 0 0 ,41 0 98

Table 3: Main importers of marine ornamental fish

Tota l  n u m b e r  of f ish  t ra d e d  as der ived  f r o m  expo r te rs '  and im p o r te rs '  data  fo r  th e  ye a rs  1997 to  2002 in GMAD. P e rcen tage  of 
to ta l  t ra d e  fo r  ind iv id u a l  c o u n t r ie s  is a lso  p resen ted .

D estination No. of fish im po rted % of to ta l no. of D estination No. of fish im po rted % of to ta l no. of
(e xp o rte rs ’ data) fish trad ed (im p o rte rs ’ data) fish trad ed

USA 1,462,347 41 USA 3,054,273 69
U n k n o w n 788,230 22 Un i ted  K ing d o m 874,557 20
Taiwan 244,454 7 N e th e r la n d s 264,976 6
Japan 223,613 6 France 103,234 2
Hong Kong 152,738 4 G e rm a n y 99,955 2
France 132,439 4
G e rm a n y 119,739 3
N e th e r la n d s 117,248 3
Italy 70,686 2
Un i ted  K ing d o m 48,911 1
Total 3 ,3 6 0 ,40 5 93 Total 4 ,3 9 6 ,99 5 99
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Table 4: The ten most traded species of ornamental fish worldwide

Tota ls  fo r  n u m b e r  of f ish  are der ived  f r o m  e xpo r te rs '  and im p o r te rs '  data  in GMAD fo r  ye a rs  1997 to 2002. Spec ies  c o m m o n  to 
both  d a ta s e ts  are in bold.

Species No. of spec im ens Species No. of spec im ens
(e xp o rte rs ’ data) (im p o rte rs ’ data)

A m p h ip rio n  o c e lla ris 145,015 C h ro m is  virid is 322,587
C h rys ip tera  cyanea 111,705 Z e b ra s o m a  fla v e s c e n s 198,869
D ascy llu s  a ru a n u s 103,948 A m p h ip rio n  o c e lla r is 166,119
A m p h ip r io n  p e rc u la 101,092 D ascy llu s  a ru an u s 164,094
C hrom is  v irid is 99,451 P o m a c e n tru s  a u s tra lis 161,796
A b u d e fd u f spp. 78,945 C h ry s ip te ra  p a ra s e m a 156,069
D ascy llu s  tr im a c u la tu s 78,536 C h rys ip tera  cyanea 121,657
P a ra c a n th u ru s  h e p a tu s 74,557 D a s c y llu s  spp. 116,861
D a s c y llu s  a lb is e lla 73,726 D ascy llu s  tr im a c u la tu s 102,650
C h ry s ip te ra  h em ic y a n e a 61,914 L a b ro id e s  d im id ia tu s 86,885
Total 928 ,889 Total 1 ,597,587

Table 5: The top ten species of ornamental fish imported into the EU

Tota ls  fo r  n u m b e r  of f ish  are ca lc u la te d  f r o m  expo r te rs '  and im p o r te rs '  data  in GMAD fo r  ye a rs  1997 to  2002. Spec ie s  
c o m m o n  to  both  d a ta s e ts  are in bold.

Species No. of spec im ens Species No. of spec im ens
(e xp o rte rs ’ data) (im p o rte rs ’ data)

A m p h ip rio n  o c e lla ris 44,881 A m p h ip rio n  o c e lla r is 123,640
C hrom is  v irid is 29,717 C h ro m is  virid is 103,682
L ab ro id es  d im id ia tu s 21,833 C h rys ip tera  cyanea 43,767
C h ry s ip te ra  h em ic y a n e a 12,111 C h ry s ip te ra  p a ra s e m a 42,576
S a la r ia s  fa s c ia tu s 12,019 Z e b ra s o m a  fla v e s c e n s 38,411
C h rys ip tera  cyanea 11,776 D a s c y llu s  t r im a c u la tu s 33,078
P a ra c a n th u ru s  hepa tus 11,345 L ab ro id es  d im id ia tu s 33,073
S y n c h iro p u s  s p le n d id u s 11,168 P a ra c a n th u ru s  hepa tus 28,674
P seu d an th ias  squam ip inn is 10,892 P s e u d a n th ias  squam ip inn is 23,134
A c a n th u ru s  le u c o s te rn o n 10,290 N e m a te le o tr is  m a g n ific a 21,897
Total 176 ,032 Total 4 91 ,93 2

For the years 1997-2002, Am phiprion ocellaris, 
Chrom is viridis, the btuestreak cleaner wrasse ( Labroides 
dim id ia tus), C hrys ip te ra cyanea, the pale tte surgeon- 
f ish  (P aracan thurus hepa tus ], and the sea gotdie 
(Pseudanthias squam ipinnis ] are the most commonly 
im ported species into the EU. Together the top ten 
species make up 37 per cent of att fish im ported into the 
EU between 1997 and 2002, according to im porters' data. 
(See Table 5.]

A s im ita r analysis fo r the United States showed 
that the top ten species (common to both exporters' and 
im p o rte rs ' datasets], inc lud ing D ascyllus aruanus,

Chrysip tera cyanea, D ascyllus tr im acu la tu s  and 
Labroides dim idiatus, accounted for 39 per cent of att fish 
species exported to the United States. (See Table 6.1

Seahorses
GMAD im porters' data showed that for att years (1988- 
2002] the United States im ported a to ta l of 67,998 
seahorses. The main exporters were Sri Lanka, Brazil, 
Indonesia and the Philippines. Based on exporters ' 
in form ation (1999-20031, the United States im ported 5,638 
live specimens, Japan 2,711, Taiwan 3,412 and the rest of 
the w orld  2,688.
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Table 6: The top ten species of ornamental fish imported into the United States

Tota ls  fo r  n u m b e r  of f ish  are  der ived  f r o m  im p o r te rs '  and expo r te rs '  data  in GMAD fo r  ye a rs  1997 to  2002. Spec ies  c o m m o n  to 
both  d a ta s e ts  are in bold.

S pecies No. of spec im ens Species No. of spec im ens
(e xp o rte rs ’ data) (im p o rte rs ’ data)

A b u d e fd u f spp. 78,749 C h ro m is  v ir id is 218,905
C h rys ip tera  cyanea 73,536 P o m a c e n tru s  a u s tra lis 161,740
D ascy llu s  a ru an u s 72,435 Z e b ra s o m a  fla v e s c e n s 160,458
D a s c y llu s  a lb is e lla 60,328 D ascy llu s  a ru an u s 147,525
A m p h ip r io n  p e rc u la 59,710 D a s c y llu s  spp. 116,306
C h rys ip tera  h em icyan ea 38,162 C h ry s ip te ra  p a ra s e m a 113,493
P a ra c a n th u ru s  h e p a tu s 31,636 C h rys ip tera  cyanea 77,890
C h ro m is  a tr ip e c to ra l is 30,912 C h rys ip tera  h em icyan ea 76,960
D ascy llu s  tr im a c u la tu s 30,267 D ascy llu s  tr im a c u la tu s 69,572
L ab ro id es  d im id ia tu s 28,110 L ab ro id es  d im id ia tu s 53,812
Total 503 ,845 Total 1,196,661

The th reespo t  dascyl lus, D ascy llus  tr im a c u la tu s .

EC Annex D data show that 106,662 seahorses 
were reported as im ported into the EU between 1997 and 
2001. GMAD data for th is period show a to ta l of 20,477 
seahorses reported as im ported into EU countries (or 
24,647 specimens between 1996 and 2002], Data from  
exporters show a to ta l of 6,138 seahorses exported to the 
EU between 1999 and 2003. Annex D data show the 
Netherlands, Germany, Italy, Austria and the United 
Kingdom as the main im porters of seahorses in the EU, 
accounting for some 94 per cent of att EU imports. 
S im ila rly  GMAD data from  both im porters and exporters 
show the Netherlands, Germany, Italy and the United 
Kingdom to have been the main European im porters.

The Philippines, Indonesia, Sri Lanka, Brazil and 
S ingapore were the main countries of export and

Seahorse, H ip p o ca m p u s  e rectus.

accounted for 96 per cent (102,074 specimens] of att 
reported im ports of seahorses into EU countries between 
1998 and 2001 according to Annex D data. GMAD 
im porters ' data show Sri Lanka, Indonesia, Brazil and the 
Philipp ines to be the m ost s ig n ifica n t exporters of 
seahorses. Singapore does not appear as a significant 
exporter of seahorses based on GMAD data compared to 
more than 7,000 exports using Annex D figures.

Trade data from  both Annex D and GMAD indicate 
that Hippocampus erectus  and Hippocampus kuda are 
the most com m only traded species and show that a targe 
num ber of individuals are being traded as Hippocampus 
spp. (35 per cent of Annex D data, 73 per cent of GMAD 
im porters ' data). The targe num ber of traded individuals 
recorded as Hippocampus spp. is undoubtedly a reflection
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of the d ifficu ltie s  experienced in iden tifica tion  of 
individual species. The high level of synonymy in the 
Hippocampus genus also means that there may be errors 
in the trade data. For example, reports indicate that there 
may be more than one species traded under the name H. 
kuda60. Indeed, seahorse taxonom y (iden tifica tion  of 
individual species] has undergone many changes over 
recent years and a num ber of new species have been 
described60"62.

As an interesting note, although it is s tr ic tly  illegal 
to im port tropical species under the name of H. kuda into 
France166, GMAD lists a to ta l of 328 specimens from  
Indonesia, Sri Lanka and the Philippines as im ported into 
France as H. kuda between the years 1997 and 2001.

CORALS
The te rm  'corals' encompasses both stony corals, defined 
as 'm arine colonial polyps characterized by a calcareous 
skeleton that often form  reefs63, soft corals and sea fans. 
However, m ost lite ra ture  found on trade in live coral 
specimens refers to the trade in stony coral species. 
There has been much debate about w hat exactly 
constitutes a 'soft coral'. The te rm  is most commonly 
used to refer to species of the subclass Octocorallia (class 
Anthozoa], which have no massive skeleton. However, the

term  soft coral' often extends to contain sea fans, which 
are actually supported by an in te rna l axis64 and hence w ill 
be addressed separately here. In this report, we w ill use 
the te rm  soft coral' to include a ll species under the order 
Alcyonacea (soft coral and Stolonifera] w ith the exception 
of Tubipora m usica  which, due to its calcified skeleton, we 
have included under stony corals. Overall, according to 
data held in GMAD, there are 61 species of soft corals and 
140 species of stony corals in trade, although this num ber 
is to be treated w ith  caution due to the complexity 
experienced in coral taxonomy.

Stony corals
According to CITES data, the global live coral trade rose 
steadily from  1997 to 1999 w ith  934,463 live pieces and 
1,142,242 live pieces being traded worldw ide respectively 
in those years. The trade decreased to 942,661 pieces in 
2001. Since the late 1980s, Indonesia has become the 
largest coral exporting country32. CITES figures show that 
direct exports of live w ild-sourced coral from  Indonesia 
represented 78 per cent (729,703 pieces] of the global 
to ta l fo r a ll coral species in 1997, 66 per cent (640,190 
pieces] in 2000 and 71 per cent (669,192 pieces] in 2001. 
(See Figure 2.) The numbers are based on data reported 
by im porters because values based on exporters' in fo r
mation are an indicator of the num ber of perm its issued 
ra ther than the actual quantity of corals exported fo r the 
aquarium  trade. To illus tra te  the difference, in 2001 data 
from  a ll im porters showed a to ta l of 669,192 pieces 
having been exported from  Indonesia, w h ils t inform ation 
provided by exporters indicate 1,442,413 pieces were 
exported from  Indonesia.

Data from  1997 to 2001 show Indonesia, Fiji, the 
Solomon Islands and Tonga together supplying more than 
95 per cent of live coral exports. Since the late 1990s Fiji 
has been playing an increasing role as an exporter of live 
coral. It is the m ajor source country of live coral for the 
aquarium  trade in the Pacific Islands w ith  sm a lle r 
contribu tions from  Tonga, Vanuatu and the Solomon 
Islands. Fiji presently receives approxim ately US$12 
m illion per year in export revenue from  the trade in live 
cora l65. A lthough sta tis tics on live coral exports are 
available from  the Fijian Fisheries Division, values cannot 
be used to assess the volume of live coral being extracted 
from  Fiji as they include re-exports  tha t orig inated 
p rim arily  from  Tonga, the Solomon Islands, Vanuatu and 
Bali, and data represent maxim um  perm itted exports 
ra ther than actual exports. Moreover, live coral export 
figures have often tended to include live rock exports, 
thus a rtific ia lly  in flating live coral statistics. Based on 
these issues, the Fijian coral industry is presently under 
review by the Fisheries Division to ensure that harvest

Figure 2: Major exporters of live and wild-sourced 
coral (pieces)

To ta ls  a re  d e rive d  fro m  im p o r te rs ' data.
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Table 7: The top ten most commonly traded genera of corals worldwide

T o ta ls  fo r  n u m b e r o f p ieces  are  de rived  fro m  im p o rte rs ' and e x p o rte rs ' da ta  in GMAD fo r  ye a rs  1988 to  2002 and 1998 to  2003 
respec tive ly . G enera  c o m m o n  to  bo th  d a ta s e ts  a re  in bold.

G enera No. of pieces G enera No. of pieces
(e xp o rte rs ’ data) ( im p o rte rs ’ data)

S c le ra c tin ia * 208,122 Trachyphyllia 37,082
Goniopora 192,697 E uphyllia 31,614
E up hy llia 191,670 Goniopora 27,322
Trachyphyllia 115,262 A crop ora 26,451
C ata lap h y llia 90,498 P le ro g y ra 13,878
A cro p o ra 79,720 L o b o p h y llia 11,933
H e lio fu n g ia 77,924 S c le ra c tin ia * 11,035
P le ro g y ra 60,691 C ata lap h y llia 10,907
P o r ite s 48,889 Favia 9,531
Tu rb in a ria 47,729 T u rb in aria 8,955
Total 1 ,113,202 Total 188 ,708

* U n id e n t i f i e d  s to n y  c o r a l s

levels are sustainable and to agree a system under which 
export s tatistics reflect true im ports. A recent audit at one 
of the largest Fijian export companies showed that the 
actual export figure was approximately 9 per cent of the 
recorded declared value45. U n til this case has been 
resolved and the CITES Secretariat has published agreed 
quotas on the CITES website, Parties to the Convention 
should not accept any export perm its fo r specimens of 
CITES-tisted coral species from  Fiji66.

For the years 1997 to 2001, CITES statistics show 
the m ajor im porters of stony corals to be the United 
States, Japan“'", Germany, France, China (including Hong 
Kong], Canada'*, the N etherlands and the United 
Kingdom, together im porting more than 95 per cent of the 
to ta l num ber of live corals being traded worldw ide. Taking 
the EU as one sta tis tica l entity, 73 per cent of to ta l live 
coral im ports are accounted for by the United States, 14 
per cent by the EU, 7 per cent by Japan, 2 per cent by 
China (including Hong Kongi, 2 per cent by Canada and 1 
per cent by the Republic of Korea*. (See Figure 3.1

Commonly traded coral genera, based on CITES 
export and im port data 1999-2001, include Acropora  
(staghorn, cluster, btuetip, bush, cat's paw or botttebrush 
corali, Catalaphyllia  (elegance corali, Euphyllia  (anchor 
o r ham m er corali, Galaxea (galaxy corali, Goniopora 
(flow erpo t co ra li, H elio fung ia  (m ushroom  cora li, 
Lobophyllia  (tobed brain corali, Plerogyra  (bubble or 
grape corali, Trachyphyllia (open brain corali, Turbinaria  
(cup cora li and Scleractinia. However, the fast is like ly to 
include a targe proportion of traded five rock67. These 
findings are corroborated by data w ith in  GMAD showing 
the same genera as the top ten species in trade from  both

Figure 3: Major importers of live and wild-sourced 
coral (pieces)

The EU is taken  as one 'e n tity '. To ta ls  are derived  from  

im p o rte rs ' data except w h e re  o th e rw is e  s ta ted .
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im porters ' and exporters' datasets, from  1988 to 2002 and 
1998 to 2003 respectively. GMAD also lis ts Favia and 
Porites  as common in trade. W ith the exception of 
Acropora, most of the genera listed are slow-grow ing and
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Table 8: The top ten species of corals imported into
the United States, the EU and Japan

Tota ls fo r  n u m b e r of p ieces are derived fro m  im p o rte rs ' data
in CITES fo r ye a rs  1997 to  2001 Ja pa n 's  data are based on
e xpo rte rs ' re p o rts  fo r  1997 and years  1999-2001, as Japan 's
A n n ua l R epo rts  fo r  1999-2001 are not availab le  and th e y  did
not re po rt any c o ra l im p o rts  for 1997.

Top ten imports USA
Taxon No. of pieces
S c le ra c tin ia  spp. 1,838,843

Euphyllia  spp. 304,257
Goniopora  spp. 201,847

A cropora  spp. 191,475
Trachyphyllia  spp. 180,351

C atalaphyllia  spp. 159,693
Plerogyra  spp. 116,623

H eliofungia actin ifo rm is 96,515
Lobophyllia  spp. 65,016

Turbinaria  spp. 63,508

Top ten imports EU
Taxon No. of pieces
S c le ra c tin ia  spp. 153,244

A cropora  spp. 47,917
Euphyllia  spp. 40,207

Goniopora  spp. 37,356
Trachyphyllia  spp. 26,254

Plerogyra  spp. 25,035
C atalaphyllia  spp. 23,884

Goniopora lobata 19,178
H eliofungia actin ifo rm is 18,626

Goniopora s tokesi 17,353

Top ten imports Japan
Taxon No. of pieces
S c le ra c tin ia  spp. 44,232

Trachyphyllia geoffroyi 28,622
C atalaphyllia  ja rd in e i 20,657

Euphyllia g labrescens 17,099
Goniopora m in o r 16,342

Goniopora s tokesi 15,836
Goniopora lobata 15,103

H eliofungia actin ifo rm is 14,895
Euphyllia cris tata 10,010

Goniopora  spp. 9,963

some generally occur at low densities, although in fo r
mation on both densities in the field and growth rates is 
usually lim ited.

For the United States, the EU and Japan (the three 
main im porters], according to CITES data the top ten 
species im ported were com binations of species of the 
above listed genera. (See Table 8.1

B u tto n /m e a t co ra l, Cynarina.

In 1997, Indonesia established quotas for coral 
export. In 1999, the CITES Scientific Review Group of the 
European Commission (SRG-ECl questioned the scientific 
basis fo r the export quotas set by the Indonesian 
authorities. This resulted in a tem porary suspension (s till 
ongoing for many] of the export of the following seven 
species of stony coral from  Indonesia into the 15 EU 
M em ber States*': Blastom ussa m erle ti, Catalaphyllia  
ja rdinei, Cynarina lacrymalis, Euphyllia divisa, Euphyllia  
glabrescens, P le rogyra s im p lex  and Trachyphyllia  
geoffroyi. In 2000, the trade suspension was extended to 
additional species: the complete genera of Euphyllia  and 
Plerogyra, Hydnophora exesa, Hydnophora m icroconos  
and Blastomussa wellsi. Since then positive opinions 
(tem porary im port suspension is lifted] have been given 
fo r E. ancora, E. g lab rescens  and H. exesa from  
Indonesia. In addition negative opinions"" (tem porary 
trade suspensions] on Goniopora lobata, P lerogyra  
turbida, Scolymnia vitiensis  and W ellsophyllia radiata  for 
Indonesia and Blastom ussa wellsi, Scolymnia vitiensis, 
Catalaphyllia ja rd inei, Euphyllia yaeyamaensis, Hydno
phora rig ida, P lerogyra s im plex, P. sinuosa  and 
Trachyphyllia geoffroyi for Fiji have been form ed69.

The EU im port restrictions for stony corals have 
been put in place mainly due to a lack of in form ation on 
the ir population status and life history characteristics. 
Understanding the biology and life history of stony corals 
is essential in developing ecologically sustainable quotas, 
and the need for such research should be highlighted.
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Soft corals and sea fans
Most of the soft corats in trade originate from  the Indo- 
Pacific Ocean. Although soft corat farm ing is considered 
to be sim ple and stra igh tfo rw ard70, very few specimens 
are of cultured origin. Am erican Samoa represents an 
exception52. Despite high numbers of specimens being 
traded for use in aquaria, soft corats are not, unlike 
stony corats, covered under CITES54. No mechanisms 
other than GMAD exist to m onitor quantity, origin and 
destination of species in trade. GMAD data indicate that 
a to ta l of 386,849 pieces of live soft corat (according to 
im porters ' data] were traded between 1988 and 2002. 
Based on exporters' data, the quantity of soft corats 
traded between 1998 and 2003 accounted for 7 per cent of 
att corat exports (soft and stony].

The United States is the w orld 's  largest soft corat 
im porter, receiving 67 per cent (according to im porters' 
data for years 1988-2002 and equivalent to 259,472 five 
pieces] of the to ta l trade in soft corats. Indonesia appears 
as the largest exporting country of soft corats.

Based on GMAD im porters ' data (1988-2002], 
the most com m only traded soft corat genera worldw ide 
are (ordered by genera m ost traded]: Sarcophyton  
(tea ther/m ushroom /toadstoot cora li, S inu laria  (finger 
tea th e r/so ft f in g e r/d ig ita te  le a the r corat], Xenia 
(pulse corat], Cladiella  (cautiftower/finger/cott/b tushing 
corat], Clavularia  (clove polyp], Anthelia  (waving hand 
polyp], Lobophytum  (finger lea ther corat], Nephthea  
(broccoli corat], Dendronephthya  (carnation/strawberry 
corat] and Cespitularia  (blue xenia].

The trade in leather coral, Sarcophyton  spp.

S arco phyton  spp. is th e  m ost co m m o n ly  trad ed  soft 

coral. Th is  m u s h ro o m -lik e  z o o x a n th e lla te ”" spec ies  is 

hardy, fas t g row ing  and eas ily  prop ag ated  in a q u a riu m  

cond itions. U n d e r  th e  S a rc o p h y to n  genu s  a t leas t  

five  spec ies  a re  know n to be trad ed  as  a q u a riu m  

spec im en s: S. e h re n b e rg i, S. g la u c u m , S. la tu m , S. 

te n u isp ic u la tu m  and S. tro c h e lio p h o ru m . As rep orted  

by im p o rte rs  in GM A D  th e s e  five  spec ies  m ad e  up 17  

p e r  cent of th e  to ta l a m o u n t of so ft c o ra ls  trad ed  

( im p o rte rs ’ da ta  1 98 8 -2 0 0 2 ).

In d o n e s ia  e m e rg e d  as  th e  w o r ld ’s m a jo r  

e x p o r te r  of S arco phyton  spp., supp ly ing 85  p e r  cent of 

th e  to ta l g loba l tra d e  in th is  sp ec ies  (e x p o rte rs ’ data  

1 9 9 8 -2 0 0 3 ). Th e  U nited S ta te s  w a s  th e  w o r ld ’s la rg e s t  

im p o rte r , accounting fo r  64  p e r  cent (according to  

im p o rte rs ’ data ) of th e  to ta l n u m b e r  of soft cora ls  

trad ed .

The trade in carnation coral, Dendronephthya spp.

D e n d ro n e p h th y a  spp. is a m o n g  th e  top te n  tra d e d  soft 

c o ra ls . S p e c ie s  u n d e r  th is  g e n u s  a re  e x tre m e ly  

d if f ic u lt  to  m a in ta in  in a q u a r ia  a s  th e y  a re  

a z o o x a n th e lla te  and h ence  e n tire ly  d e p e n d e n t on 

f i l te r in g  p a rtic le s  and  a b s o rb in g  dissolved n u trie n ts  

fro m  th e  w a te r  c o lu m n . In c ap tiv ity  th e y  u s u a lly  die  

w ith in  a fe w  w e e k s . A q u a r is ts  a re  s tro n g ly  

e n c o u ra g e d  not to  k ee p  D e n d ro n e p h th y a  spp. Tw o  

s p e c ie s  in p a r t ic u la r  a re  know n to  be tra d e d  as  

o rn a m e n ta ls : D. k lu n z in g e r i and  D. ru b e o la .

B e tw e e n  1 988  and  2 0 0 2  a to ta l of 1 2 ,6 1 8  live  

pieces  of D e n d ro n e p h th y a  spp. w e re  tra d e d  g loba lly . 

W o rld w id e , th e  U n ited  S ta te s  e m e rg e d  a s  th e  la rg e s t  

im p o rte r , acco untin g  fo r  51 p e r  cen t of th e  to ta l tra d e  

in D e n d ro n e p h th y a  spp. In d o n es ia  e m e rg e d  a s  th e  

b iggest e x p o r te r  of D e n d ro n e p h th y a  spp. (20 p e rc e n t  

of a ll  so ft c o ra l tra d e d  acco rd ing  to  im p o rte rs ’ d a ta ).
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Eight genera of sea fans appear in GMAD 
trade  records: C tenoce lla , E chinogorg ia , E llise lla , 
Euplexaura, Gorgonia, Lophogorgia, Pseudopterogorg ia  
and Rum phella. The genus Gorgonia is the m ost weft 
known and com m onty traded sea fan (14 per cent or

55,375 pieces according to im porte rs ' data 1988-2002], 
w ith  at least two species often recorded in GMAD: 
G. flab e llum  and G. ventalina. US im ports  accounted fo r 
99 per cent (54,976 pieces] of att im ported Gorgonia 
spp. specimens.

Fiji is th e  w o r ld ’s p r im a ry  s u p p lie r  of live  rock, w ith  data  

show ing  th a t in 2001 m o re  th a n  800  to n n e s  of live  rock  

w e re  h a rve s te d  fro m  its re e fs 73, a b o u t 95  p e r  cen t of 

w h ic h  w e r e  d e s tin e d  fo r  th e  U n ite d  S ta te s 74. T ru e  

c o lle c tio n  f ig u re s  a re  lik e ly  to  be g r e a te r  as  la rg e  

q u a n t it ie s  o f h a rv e s te d  liv e  ro c k , s u b s e q u e n tly  

cons id ered  u n s u ita b le  fo r  e x p o rt, a re  o ften  d iscarded  and  

th ro w n  back  in to  th e  s ea . In F iji, th e  e x tra c tio n  of live  rock  

ta k e s  p lace  a lon g  th e  e d g es  of th e  re e f o r  w ith in  th e  

s h a llo w  lago on . D u rin g  co llec tio n  v illa g e rs  s e le c tiv e ly  

ta rg e t rocks  w ith  a d ia m e te r  of 1 5 -3 5  cm 45 covered w ith  

lig h t to  d a rk  p in k  c o ra llin e  a lg a e  and  rem o v e  th e m  fro m  

th e  re e f fra m e w o r k  using iron rods. T h e s e  a re  then  

lo ad ed  up on to  a b ilib ili, o r  b am boo  ra ft , and  d ra g g e d  onto  

th e  beach  by h o rs e s . T h e  rocks  a re  p laced  in to  boxes and  

lo a d e d  o n to  a w a it in g  t r u c k  th a t  ta k e s  th e m  to  a 

p rocessing  fac ility . Once a t th e  fa c ility , th e  ro c k  is p laced  

u n d e r  s h o w e rs , w h ic h  c o n tin u a lly  s p ra y  s a lt  w a te r  fo r  

2 4 -7 2  ho urs  b e fo re  s h ip m e n t. It is tr im m e d  of a l l  v is ib le  

g re e n  a lg a e  g ro w th  and  g ra d e d  acco rd ing  to s h a p e , 

w e ig h t and p e rc e n ta g e  of c o ra llin e  a lg a e  cover.

L ive ro c k  tra d e  c o n s titu tes  an im p o rta n t s o u rce  of 

rev e n u e  fo r  th e  in h a b ita n ts  of M a lo m a lo  (one of th e  m ost 

im p o rta n t live  ro c k  co llec tio n  s ite s  in F iji). S in ce  1 99 4 , live  

ro c k  has been  c o llec ted  a t M a lo m a lo  fo r  Ocean 2 00 0 , a 

lo ca l w h o le s a le r , by th e  t ra d it io n a l m a le  u s e rs  of th e  re e f,

both on a fu ll t im e  and an o ccas iona l b a s is . T h e  ro c k  is 

re im b u rs e d  a t a p rice  of U S $ 0 .7 0  p e r  k ilo , w h ich  is 

divided a m o n g  th e  c o lle c to rs  (U S $ 0 .5 0 ), th e  custod ian  

(U S $ 0 .1 0 ) and  th e  m a r in e  re s e rv e  th a t fo rm s  p a rt of th e  

v illa g e ’s t ra d it io n a l fish ing  g ro u n d s  (U S $ 0 .1 0 ). As th is  

ite m  is bought and  so ld  by w e ig h t it is th e  h ighes t in co m e  

e a r n e r  fo r  th e  v illa g e rs  p a rtic ip a tin g  in th e  a q u a r iu m  

t ra d e  in dus try . A  fu l l - t im e  h a rv e s te r  e x tra c ts  on a v e ra g e  

7 ,5 0 0  kg a y e a r  (an a v e ra g e  of 150  kg live  ro c k  e x tra c te d  

p e r  w e e k ) c o n trib u tin g  U S $ 3 ,7 5 0  to  a n n u a l househ o ld  

incom e.

H o w e v e r, a f t e r  n in e  y e a rs  of e x tra c t io n , th e  

v illa g e rs  ra is ed  co n cern s  th a t live  ro c k  c o llec tio n  could  

have  d e t r im e n ta l lo n g - te r m  c o n s e q u e n c e s  fo r  th e ir  

ree fs . L a rg e -s c a le  re m o v a l of live  rock, th e  re s u lt  of 

h u n d re d s  of y e a rs  of a c c re tio n , can d e s tro y  re e f h a b ita t, 

u n d e rm in in g  th e  s tru c tu re  of c o ra l re e fs  and  le a d in g  to  

in creased  e ro s io n  as  w e ll  as  red uced  b iod ivers ity . S o m e  

fis h e rs  noticed th a t q u a n titie s  of fish  and  o th e r  m a r in e  

sp ec ies  ty p ic a lly  c o llec ted  fro m  a re a s  used fo r  co llec tio n  

of live  ro c k  had been  red u c e d 45. Th e  W o rld  W id e  Fund fo r  

N a tu re  (W W F ) and  MAC jo ined  fo rc es  to  respo nd  to  th e  

v illa g e rs ’ co n c e rn s  and th o se  exp re s s ed  by th e  F ijian  

g o v e rn m e n t a b o u t th e  s u s ta in a b ility  of th e  in dustry . Th ey  

w o rk e d  to  deve lop  c o m m u n ity -b a s e d  p rocesses  fo r  w is e  

c o ra l h a rve s tin g  and m a n a g e m e n t, w h ic h  a ls o  involved  

h e lp ing  th e  g o v e rn m e n t s tru c tu re  sound p o lic ies  and  

le g is la tio n  th a t w o u ld  s u p p o rt a s u s ta in a b le  a q u a r iu m  

tra d e . M o re o v e r, th e  v illa g e rs  of M a lo lo m o  d e s ig n a te d  

p a rt of th e ir  t ra d it io n a l fis h in g  g ro u n d s  a ta b u  a re a , in 

w h ich  e x tra c tiv e  use  w a s  bann ed .

T h e  In te rn a t io n a l C o ra l R e e f A ctio n  N e tw o rk  

(IC R AN ) rec e n tly  a lso  developed  a pro ject w ith  th e  m a jo r  

objective  of en su rin g  th e  s u s ta in a b ility  of th e  co ra l tra d e  

in dus try  in F iji. S hould  th is  be ach ieved , coasta l co m 

m u n itie s  (m ain ly  aro und  V iti Levu, w h e re  re tu rn s  o ften  do 

not re fle c t th e  m a rk e t va lu e  of th e  product) w i ll  be a b le  to  

s h a re  fa ir ly  th e  b en e fits  of th e  m a rin e  a q u a riu m  tra d e  

in dus try  w ith o u t com prom is ing  th e  h e a lth  of th e ir  ree fs .

Source: W W F73 and ICRAN76
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Live rock
CITES defines live rock as 'pieces of coral rock to which 
are attached live specimens of invertebrate species and 
cora lline algae not included in the CITES Appendices and 
which are transported moist, but not in water, in crates71. 
Typical inhabitants of live rock are anemones, tunicates, 
bryozoa, octocorals, sponges, echinoids, m olluscs, 
sabe lla rid  and serpu lid  tubew orm s, and calcareous 
algae. Besides the aesthetic role live rock plays in 
aquaria, the organism s which live in live rock, through 
consumption of waste and production of oxygen, f ilte r  the 
w ate r and prevent the bu ild-up of nitrate.

There are three 'types' of live rock in trade: 
Pacific, A tlan tic  and aquacultured. Hobbyists tend to 
pre fe r Pacific rock because it is very porous, light, and 
usually has a nice cover of cora lline  algae72. A tlan tic  live 
rock is less popu lar because it is fa irly  dense and the 
rock's shapes are less in trica te  than those com m only 
found in Pacific rock. Due to the large am ounts of coral 
rock being exported from  the Florida Keys in the early 
1990s, the State banned the harvest of live rock from  its 
w a te rs  in 1997. As a resu lt, m arine  o rn am e n ta l 
com panies in the United States s ta rted  to develop 
aquaculture fo r live rock. To 'create ' such live rock,

Table 9: Main source countries of marine ornamental invertebrates

T o ta l n u m b e r o f in v e r te b ra te s  tra d e d  as d e rive d  fro m  e x p o rte rs ' da ta  (1998-2003) and im p o r te rs ' da ta  (1988-2002) in GMAD.
P e rcen tag e  of to ta l tra d e  fo r  in d iv id u a l c o u n tr ie s  is a lso  p rese n te d .

Origin No. of in ve rte b ra te s % of to ta l no. Origin No. of in ve rte b ra te s % of to ta l no.
im po rted trad ed im po rted trad ed

(e xp o rte rs ’ data) (im p o rte rs ’ data)

Indones ia 561,506 66 U n kn o w n 2,661,762 80
P h ilip p in e s 660,817 36 M exico 266,685 8
S ri Lanka 100,309 8 Indones ia 106,282 3
S o lo m o n  Is la n d s  75,305 6 S ing a p ore 68,190 2
F iji 53,823 6 F iji 68,358 2
Pa lau 10,315 1 S ri Lanka 33,782 1

P h ilip p in e s 29,660 1
V anua tu 15,906 1

Total 1 ,262,075 99 Total 2 ,988,183 98

Table 10: Main importing countries of marine ornamental invertebrates

T o ta l n u m b e r o f in v e r te b ra te s  tra d e d  as d e rive d  fro m  e x p o rte rs ' da ta  (1998-2003) and im p o r te rs ' da ta  (1988-2002) in GMAD.
P e rcen tag e  of to ta l tra d e  fo r  in d iv id u a l c o u n tr ie s  is a lso  p rese n te d .

D estination No. of in ve rte b ra te s % of to ta l no. D estination No. of in ve rte b ra te s % of to ta l no.
im po rted trad ed im po rted trad ed

(e xp o rte rs ’ data) (im p o rte rs ’ data)

USA 665,085 35 USA 2,656,350 80
Ta iw an 275,026 22 U n ite d  K ing d o m 653,630 15
France 160,032 11 N e th e r la n d s 61,525 2
U n kn o w n 127,362 10 France 51,768 2
G e rm a n y 69,860 5 G e rm a n y 69,359 1
Ja pa n 50,656 6
N e th e r la n d s 37,253 3
Ita ly 33,667 3
U n ite d  K ing d o m 22,565 2
H ong Kong 18,190 1
Total 1 ,219,636 96 Total 3 ,0 7 0 ,63 2 100
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regu lar dry rock is placed in the ocean and harvested 
one to several years later.

Live rock can be purchased e ither 'cured' or 
'uncured'. On collection from  the ocean the rocks harbour 
a large variety of sea life some of which, such as certain 
species of anemones and mantis shrim p, are common 
pests on live rock. 'Uncured' rock is rock that has been 
collected and directly exported. 'Cured' rock, on the other 
hand, is m ateria l that has been placed under a fine spray 
of high sa lin ity w a te r fo r several hours or days prio r to

Table 11 : The ten most traded species of marine 
ornamental invertebrates worldwide

T o ta ls  fo r  n u m b e r o f in v e r te b ra te s  are d e rive d  fro m  
e x p o rte rs ' and im p o r te rs ' da ta  in GMAD fo r  ye a rs  1998 to 
2003 and 1988 to  2002 respective ly . S p e c ie s  c o m m o n  to 
bo th  d a ta s e ts  a re  in bold .

Species Com m on No. of
nam e spec im ens  

(exps’ data)

Trochus  spp. T o p s h e ll o r 
tro c h u s  s h e ll

272,203

U n sp e c ifie d
in v e rte b ra te s

247,038

Lysm ata  spp. C le a n e r s h r im p 107,452
H e te ra c tis  spp. Sea a ne m o n e 54,369
S tenop us  sp p. B anded  c o ra l s h r im p 42,802
Tridacna  spp. G iant c la m 37,521
Linckia  spp. B lue  sea s ta r 32,509
R hynchocinetes  spp. C am e l s h r im p 30,846
S tichodactyla  spp. C a rp e t a ne m o n e 27,341
S trigopagurus  spp. H e rm it c ra b 24,512
Total 8 76 ,593

Species Com m on No. of
nam e spec im ens  

( im p s ’ data)

Turbo spp. Tu rbo  s n a il 328,778
Lysm ata  spp. C le a n e r s h r im p 288,484
Condylactis  spp. C o n d y /A t la n tic / 

H a itia n  a ne m o n e
229,925

H e te ra c tis  spp. Sea a ne m o n e 149,025
D ardanus  spp. H e rm it c ra b 147,006
Tectus  spp. M o llu s c 143,448
P aguris tes  spp. H e rm it c ra b 136,280
S abellidae  spp. F e a th e r w o rm 128,248
A ctinodiscus  spp. D is c /M u s h ro o m

ane m o n e
123,357

S tenop us  sp p. Banded  c o ra l 
s h r im p

93,449

Total 1 ,768,000

export. The objective is to keep the cora lline algae alive 
but k il l and wash out less hardy, unwanted organisms, 
which would foul the tank water.

According to CITES im porters' data (1990-2001] 
the United States, the EU, the Republic of Korea, Hong 
Kong and Canada, together, im ported a to ta l of 3,897,654 
pieces of live Scleractinia spp. of which one can assume a 
large component to be live rock67. The same data also 
show the United States, the EU and Canada im porting 
2,048,630 kg of Scleractinia spp. Based on im porters' data 
(1990-2001] Fiji, the M arshall Islands, Tonga, Samoa, the 
Solomon Islands, the ex-T rust T errito ries  (N orthern 
Mariana Islands, the Republic of Palau, the Federated 
States of Micronesia], Vanuatu, Haiti, Indonesia and the 
Dominican Republic emerged as the top ten exporters of 
live w ild-sourced Scleractinia spp. supplying 2,047,785 kg

Topshell or snail

Tectus  spp., Trochu sspp . (p ictu red) and Turbo  spp. a re  

gastropod m o llu scs  found on s h a llo w  tro p ica l ree fs  

th ro u g h o u t th e  In d o -P ac ific . T h ese  spec ies  a re  m ain ly  

herb ivorou s, feed ing  on flesh y  a lg a e  and a lg a l film s

th a t typ ica lly  develop on live  rock, a lth o u g h  th e y  a re  

a lso  know n to  fo ra g e  on organ ic  d e tr itu s 77. Th ey  do 

w e ll in a q u a riu m  cond itions w h en  provided w ith  a m p le  

hiding p laces  and room  to fo ra g e , s ince  overcrow ded  

conditions m ay  cause s tre s s  and d isease. A ltho ugh  

tro ch u s  fa rm s  a re  now  w e ll  es tab lished  in m an y  of the  

Pacific  Is land  s ta te s , th ey  a re  m ain ly  c u ltu re d  to c ra ft 

buttons  and je w e lle ry  and fo r  food consum ption . Thus  

m ost s p e c im en s  in tra d e  as m a rin e  o rn a m e n ta ls  w e re  

probab ly  co llec ted  in th e  w ild 78.
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to the trade (probably m ostly aquarium], CITES data 
based on im porters' in form ation showed Indonesia, Fiji, 
Tonga, Solomon Islands, Samoa, the M arshall Islands, 
Haiti, the ex-Trust Territories, Singapore and Vanuatu to 
also supply the trade w ith 3,892,169 pieces.

As w ith  live corat export sta tistics, governm ent 
s ta tis tics  fo r Fijian live rock exports cannot be used to 
assess the volum e of live rock being extracted from  Fiji. 
From January to Ju ly  1999, the la rgest Fijian 
exporter shipped 291,837 kg of five rock, 48 per cent 
of the perm itted quota of 606,000 kg. Despite th is fact, 
and the fact tha t the sh ipm ent included five rock from  
Tonga, 606,000 kg is the figure recorded in Fiji export 
data45.

INVERTEBRATES
Many invertebrates o ther than corats are popular in the 
aquarium  trade. According to data held in GMAD, 516 
species of invertebra tes are being traded fo r the 
aquarium  trade. However, this figure needs to be treated 
w ith  some caution due to the tack of a standard taxonomy 
fo r marine invertebrates.

Based on GMAD a to ta l of 1,271,547 invertebrates 
were traded between 1998 and 2003, according to 
expo rte rs ' in fo rm a tio n  (or 3,071,385 according to 
records from  im porters  between 1988 and 2002). Mexico, 
Indonesia, Singapore, Fiji, Sri Fanka, the Philippines and 
Vanuatu emerged as the main exporters (according to 
im porters ' data fo r the years 1988-2002), accounting for 
close to 1 7 per cent of the trade. Exporters' data fo r the 
years 1998-2003 also showed the Solomon Islands and 
Patau to be s ign ifican t source countries of m arine 
ornam enta l invertebrates. (See Table 9, p 27.]

Based on im porters ' data the main destination 
countries were: the United States, the United Kingdom, 
the Netherlands, France, Germany, Italy and Canada, 
co n s titu tin g  close to 100 per cent of att m arine  
in ve rteb ra tes  im ported  fo r the m arine  aquarium  
trade between 1988 and 2002. booking at exporters' 
data fo r the years 1998-2003 Taiwan, Japan and Hong 
Kong also emerged as im portan t im porters. (See Table 
10, p 27.1

The main species in trade and common to both 
exporters' and im porters ' datasets w ith in  GMAD are 
Lysmata  spp., Heteractis  spp. and Stenopus spp. (See 
Table 11, p 28.] Other species, which occur in only one 
dataset's top ten, include Turbo spp., Tridacna spp. and 
Trochus spp. Att top ten species together account fo r 67 
per cent of att invertebrates traded between 1998 and 
2003 (according to exporters' data).

The ten most traded invertebrates are mainly 
comprised of species that feed on algae (e.g. Tectus spp.,

Trochus spp. and Turbo spp.], parasites o r dead tissue 
(e.g. cleaner shrim p] and dead animats (e.g. herm it crabs]. 
These species are particularly im portant in contro lling 
algae growth and parasites that may find a host in fish kept 
in aquaria. However, removal of cleaner species from  the ir 
natural habitats may lead to a reduction in diversity on 
harvested reefs as the ir function is then absent (see box on 
Cleaner fish in Conservation issues, page 36).

Giant clams
Giant ctams represent an increasing ly targe proportion 
of the exports of five invertebrates destined as aquarium  
specim ens. A lthough  ad d itiona l lig h tin g  is o ften 
required in order to m aintain giant ctams, they play an 
im p o rta n t rote in rem oving n itra te s , n itr ite s  and 
am m onia from  aquaria water, elem ents considered as

Blue starfish, L inckia  laevigata

The m ost com m o nly  im po rted  sea s ta r  in the  a q u ariu m  

tra d e  is L inckia  laev igata . According to e x p o rte rs ’ data  

w ith in  GM AD th is  spec ies  accounted fo r  3 p e r  cent 

(3 2 ,5 09  pieces) of th e  to ta l tra d e  in in vertebrates . 

Experienced hobbyists w a rn  th a t th e y  a re  v e ry  d ifficu lt 

to  m a in ta in  in a q u a r iu m  c o n d itio n s 79. T h e ir  p o o r  

survival ra te  in a q u aria  m ay be due to th e ir  d ie ta ry  

needs of o rg an ica lly  e n riched  f ilm s  (o r  d e tr itu s ) th a t  

typ ically  cover live rock77. They should th e re fo re  not be 

placed in a new ly  s et up ta n k  (less than  six m onths), o r  

one in w h ich  th e re  is not enough live  rock  to exp lo re . 

F u rth e rm o re , th ey  a re  know n to o ften  re fu se  a rtif ic ia l 

a q u a riu m  food. As com m on p re d a to rs  of sea  s ta rs  in 

cap tiv ity  a re  do g-faced  p u ffers  (A ro th ro n  n ig ro p u n c t

atus), th e s e  tw o  spec ies  shou ld  not be a llo w e d  to co

exist in an  a q u a riu m . S m a ll p a ras itic  s n a ils  ( Thyca 

c ry s ta llin a ) a re  a lso  know n to prey on L. la e v ig a ta 19.
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The nine giant clams (tridacnids) common in trade

□  Tridacna m ax im a: the  rugose o r s m a ll g iant c lam  is the  

m ost w id e -ran g in g  of a ll giant c lam  species, being found 

from  the east coast of A frica, through the Indian Ocean and 

across the  Pacific to Polynesia and P itca irn83. It is s till 

rela tively  abundant throughout its range although its status  

in the  Indian Ocean is poorly known. It has a distinct brightly  

coloured m antle  (blue, green and brown), which m akes it 

particu la rly  attractive  for the aquarium  trad e . GMAD data  

show  a to ta l of 15,172 specim ens as exported from  V iet N am , 

Fiji, the Solom on Islands, Tonga, Vanuatu, the  United S tates  

and unknown countries betw een 1991 and 2001 (im p o rte rs ’ 

data) (o r a to ta l of 8 ,215 from  Fiji and the  Solom on Islands  

betw een 2000 and 2001 based on exp orters ’ data).

□  T. squam osa: the flu ted o r scaly g iant c lam  has a genera lly  

speckled m antle  in blue, brown and green. Like T. m axim a, it 

is fa irly  abundant throughout its range although little  is 

known of its status in the Indian Ocean. GMAD data show  a 

to ta l of 6,711 T. squam osa  as exported from  Fiji, Indonesia, 

the Solom on Islands, Vanuatu, V ie t N am  and unknown source  

countries betw een 1991 and 2001 (im p o rte rs ’ data) (o ra  to ta l 

of 2 ,339  from  Fiji, Indonesia and the  S olom on Is lands  

betw een 1999 and 2001 based on exp orters ’ data).

□  T. crocea: the  crocus o r boring giant c lam , although  

s m a lle r, is s im ila r  to T. m ax im a  in that it has a brightly  

coloured m antle . It is assum ed to be g enera lly  w idespread  

throughout its distribution area, from  the w es t coast of the  

M alaysian peninsula, the South China Sea, the C oral Sea, 

southern Japan to southern A ustra lia , to M icronesia and east 

to P alau83. Like T. m ax im a  it is a popular species in the  

aquarium  trad e . GMAD data show  a to ta l of 11,685 T. crocea  

as exported from  the Solom on Islands, Vanuatu, V ie t N am  

and unknown source countries betw een 1991 and 2001 

( im p o rte rs ’ data) (o ra  to ta l of 17,881 from  Fiji, Indonesia and 

the Solom on Islands betw een 2000 and 2001 based on 

exp orters ’ data).

□ T. gigas: is considered to be the tru e  giant c lam  as it can 

reach dim ensions of m ore than 1.6 m in s h e ll length. The  

m antle  is brow n-green  w ith  blue o r  green spots. This species  

is particu la rly  sought a fte r  fo r food. It has suffered extensive  

reductions throughout its range due to overexploitation and 

is extinct in Fiji, Guam , N ew  Caledonia, m ost areas of the  

Philippines and the  N orthern  M arianas. Population levels  

have been dangerously reduced in m ost of Japan, Taiwan, 

Tuvalu, the Federated  S tates of M icronesia and Vanuatu. 

GMAD data show  a to ta l of 1,808 T. g igas  as exported from  the  

Solom on Islands, Vanuatu and unknown source countries  

betw een 1991 and 2000 ( im p o rte rs ’ data) (o r a to ta l of 169 

from  Palau, Indonesia and the Solom on Islands between

2000 and 2001 based on exp orters ’ data).

□ T. derasa: the  sm ooth o rs o u th e rn  giant c lam  is the second  

largest species w ith  its s h e ll reaching lengths of up to 60 cm. 

Its m antle  has elongate  brown, green and blue patterns. It is 

known to be fa irly  abundant in Palau, northern  Papua N ew  

Guinea, A ustra lia , the  Solom on Islands, N ew  Caledonia, Fiji 

and Tonga. A lthough it has been reintroduced in a n u m b er  

of locations outside its na tu ra l range, w ild  stocks have 

only becom e established in Yap. GMAD data show  a to ta l 

of 26,960 T. derasa  exported from  the Solom on Islands, 

Vanuatu and unknown source countries betw een 1988 and

2001 (im po rte rs ’ data) (or a to ta l of 8,937 from  Fiji, Palau, 

Indonesia and the  Solom on Islands betw een 2000 and 2001 

based on exp orters ’ data).

□ T. tevoroa: the deep w a te r  devil c lam  is a rare  species that 

only lives at depths g re a te r  than 20 m in the northern  Tonga 

Islands and eastern  Fiji Islands. No data in GMAD.

□ T. rosewateri: is a new ly described species s im ila r  to T. 

squam osa. It has a v ery  restric ted range, only occurring on 

the Saya de M alha Bank, M auritius, in the  Indian Ocean. No 

data in GMAD.

□ Hippopus hippopus: the  b e a r paw, h o rs e ’s hoof o r  

s tra w b e rry  g iant c lam  has a heavy and th ick  s h e ll w ith  a du ll 

yello w -b ro w n  m an tle . Its d istrib u tio na l range is s im ila r  to 

th a t of T. crocea  but population num bers  a re  lo w e r and local 

extinctions have occurred. GMAD data show  a to ta l of 58 H. 

hippo pus  as e x p o rted  fro m  th e  S o lom on  Is land s  and  

un kn ow n source  co u n tries  b e tw e e n  1999  and 2000  

(im p o rte rs ’ data) (o r a to ta l of 551 from  Palau and the  

S olom on  Is la n d s  b e tw e e n  2 000  and 2001 based on 

exp o rters ’ data).

□ H. porcellanus: the  china c lam , has a v ery  lim ited  range  

in the region of Indonesia, the Philipp ines and Palau. Its 

appearance is s im ila r  to th a t of H. hippopus. No data in 

GMAD.

on Q1 QG
Source: WeUs , Ellis , Raymakers et al and data from  GMAD.
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A na lys is  of t ra d e  data

Table 12: Number of giant clams wild sourced, captive bred and from other origins traded worldwide

To ta ls  fo r  n u m b e r o f c la m s  are  de rived  fro m  CITES data  fo r  y e a rs  1993 to  2001. P e rcen tag e  of to ta l tra d e  fo r  each so u rce  
c a te g o ry  Is a lso  p rese n te d .

Source 1993 % 1994 % 1995 % 1996 % 1997 % 1998 % 1999 % 2000 % 2001 % Total

Wild 9,435 20 15,739 26 55,330 62 60,449 35 47,394 61 92,671 132 93,193 74 94,159 32 96,662 76 565,537

Capt ive bred 7,402 15 5,731 10 6,913 3 9,303 13 23,939 37 19,733 13 32,739 26 20,695 13 27,313 22 1 5:3,923

Othe r 31,546 65 30,,249 64 27,721 30 1,153 5 1,256 5 157 : 319 : 531 : 2,735 5 103,376

G rand to ta l 4 8 ,4 33  100 5 9 ,719  100 9 0 ,4 64  100 70,905  100 77 ,6 39  100 112,611 100 126 ,306  100 115 ,385  100 126 ,715  100 828 ,386

O the r :  u n s p e c i f i e d ,  no  rep io r ted  s o u rc e ,  | j r e - c o n v e n t i o n  r a n c h e d ,  I l l e g a l / s e i z u re

poisonous in high quantities fo r o ther living anim ats in 
the tank.

Belonging to the fam ily Tridacnidae and composed 
of two genera, Tridacna (seven species] and Hippopus 
(two species], giant ctams are the largest bivalves in the 
world . Their range stretches across the Indo-Pacific 
region from  the eastern coast of Africa in the west to the 
south Pacific in the east80.

Att species of giant ctams have trad itiona lly  been 
harvested as a subsistence food source throughout the ir

range. Clam she lls have also been used as ornam ents in 
the curio trade and as troughs fo r holding w ate r or 
feeding livestock80. More recently, the ir meat has been 
served as a delicacy, even considered as an aphrodisiac 
in some Asian and Pacific countries. The more brigh tly 
coloured (7". maxima, T. crocea and T. derasa) species 
have been popular organism s in the m arine ornam ental 
trade81, w ith  T. squamosa and T. gigas  also being traded 
but in sm a lle r num bers. Unsustainable exp lo ita tion 
ranging from  legal com m ercia l and subsistence use to 
illega l poaching activities of giant clam  species has ted to 
the local extinctions of some species such as T. gigas  in 
at least four of the 20 countries and te rrito ries  where it is 
known to have occurred84. As a resu lt of overexploitation, 
att species of giant ctams are listed in CITES Appendix II. 
However, CITES annual report data do not include trade 
by non-CITES signatories, which include att South Pacific 
countries except Papua New Guinea and Vanuatu and 
targe im porters such as Taiwan85. According to the IUCN 
Red List 2000, four species of Tridacnidae are classified 
as vulnerable (7". derasa, T. gigas, T. rosew a te ri and 
T. tevoroa) and the five others are considered to be 
at tower risk. Im port suspensions into the EU exist for 
att w ild  specim ens of the fo llow ing country-species 
com binations: H. hippopus  from  New Caledonia, T. 
crocea from  Viet Nam, T. derasa from  Tonga, T. gigas 
from  Guam, Federated States of M icronesia, Fiji, 
Indonesia, M arshall Islands, Patau, Papua New Guinea 
and Vanuatu, and T. squamosa  from  Tonga, Viet Nam and 
New Caledonia86. Negative opinions were also form ed for 
Hippopus hippopus  from  Tonga, Vanuatu and Viet Nam, 
T. crocea  from  Fiji, Tonga and Vanuatu, T. derasa from  
Fiji, New Caledonia and Vanuatu, T. gigas  from  Tonga 
and Viet Nam, T. m axim a  from  the Federated States of 
Micronesia, Fiji, the M arshall Islands, Mozambique, New 
Caledonia, Tonga, Vanuatu and Viet Nam, T. rosew ateri 
from  Mozambique, T. squamosa from  Fiji, Mozambique 
and Vanuatu and T. tevoroa from  Tonga69.

Figure U\ Major exporters of live and wild-sourced 
clams

To ta ls  a re  d e rive d  fro m  Im p o rte rs ' da ta  as V iet N am  

P h ilip p in e s , F iji and V a nua tu  re p o rt on th e  bas is  o f 

p e rm its  Issued  and no t on a c tu a l tra d e , and no t a tt 

e x p o r te rs  a re  P a rty  to  CITES.
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Figure 5: Top three importers of live and w ild- 
sourced clams

To ta ls  a re  d e rive d  fro m  im p o r te rs ' data.
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Several source countries have also implemented 
legislation to better manage and protect the ir giant clam 
stocks. In 1996, the Philippines, previously dom inating 
exports for the in ternationa l she ll trade and one of the 
main supp lie rs  of live clam s fo r the in te rna tiona l 
aquarium  trade, adopted a to ta l prohibition on a ll exports 
of giant c lam 82. The Solomon Islands reported that only 
exports of cultured giant clams were allowed, while w ith 
help from  the In te rna tiona l M arine life  A lliance, the 
governm ent of Vanuatu recently banned collection and 
exports of w ild  specimens of T. crocea fo r the aquarium  
trade and proposed the establishm ent of quotas for 
collection of other giant clam  species on outer islands87.

Wild stocks of giant clam s (especially of the 
largest species T. gigas, T. derasa and T. tevoroa] have 
experienced drastic declines over the last 20-30 years as 
a resu lt of high levels of exploitation fo r subsistence 
purposes, and probably to a g reater extent due to

com m erc ia l harvesting fo r th e ir  m eat and she lls . 
However, the demand fo r live giant clams for aquaria has 
also grown considerably in recent years. Figures for the 
extent of the trade are patchy and fluctuate considerably 
between years (see Table 12, p 31), but CITES data show 
that to ta l exports of giant clams (all species included) 
have s ig n ifican tly  increased from  a to ta l of 48,642 
individuals in 1993 to 126,715 individuals in 2001. In 1993, 
w ild-caught giant clams represented 20 per cent of a ll live 
specim ens, versus 15 per cent o rig ina ting  from  
m aricu lture facilities. In 2001, 76 per cent of a ll giant 
clams in trade as marine ornam entals had been caught in 
the w ild, whereas 22 per cent had been reared.

A lthough m aricu ltu red  clam s sold fo r the 
aquarium trade command the highest prices, hobbyists 
often prefer w ild-caught specimens, as farmed individuals 
tend to have less highly coloured m antles45. However, 
advances in selective breeding techniques have meant that 
clams can now be bred for brigh ter mantle colours. Pacific 
island nations such as (ranked in order of importance) the 
Solomon Islands, M arshall Islands, Fiji and Tonga are the 
main exporters of live captive-bred giant clams.

Based on CITES data from  1993 to 2001, the m ajor 
source countries of live w ild-sourced giant clams for the 
aquarium  trade are V iet Nam, the Philippines, the 
Solomon Islands, Tonga, Fiji, Vanuatu, the M arshall 
Islands and Micronesia. However, the role of individual 
countries changed considerably over those years. With 
exports from  the Philippines being banned in 1996, 
exports from  other source countries increased s ligh tly  
(with the exception of the Solomon Islands whose trade 
has decreased) allowing Viet Nam to dominate exports as 
early as 1998 (see Figure 4, p 31).

The main im porters of giant clams are the United 
States, the EU and Hong Kong (using CITES data from  
1999 onwards). A lthough the United States used to 
dominate im ports of live giant clams, the to ta l num ber of 
specimens im ported into the EU has been greater than 
numbers im ported into the United States since 1999 (see 
Figure 5).
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Co n s e r v a t i on  
i ssues

Im p e ra to r  a n g e liIs h , P o m a c a n th u s  im p e ra to r.

A ccounts of destructive collection practices, the 
introduction of alien species, over-harvesting, 
the lack of scientific information for many species 

collected and the threat of extinction of target species 
have raised concern about the marine aquarium trade  
among politicians and conservation organizations alike. 
A number of policy regulations have already been put 
in place; more are being called for17 and may follow. 
The US government, for example, is considering ‘taking 
appropriate action to ensure that international trade in 
coral reef species for use in US aquariums does not 
threaten the sustainability of coral reef species’12.

DESTRUCTIVE HARVESTING PRACTICES
Destructive fishing techniques include the use of sodium 
cyanide and other chemicals to stun and catch fish. 
Cyanide usually only stuns fish (although high m orta lity  
rates are often recorded post-capture], but it may destroy 
coral reef habitat by poisoning and k illing  non-target 
animals, including cora ls88,89. Other chemicals, including 
quinaldine and plant toxins, are also used to capture reef 
fish alive. Field data are d ifficu lt to obtain due to the often 
clandestine nature of these practices.

During the collection of coral pieces for the coral 
trade, many more colonies may be damaged o r broken 
than are actually harvested19. The breaking of corals to 
ease access to fish for capture is also not unusual in many 
collection areas. This tends to be more common w ith 
branching species in which sm a ll fish, such as a num ber 
of species of the genera Dascyllus and Chromis, often find 
refuge90. However, there are a num ber of collection areas 
that support many species for the aquarium  trade that are 
rocky or 'rubbly' in nature, thus reducing damage to coral 
reefs. In soft bottom habitats for example, where corals 
are not attached to the substrate, the use of tools to 
remove colonies is unnecessary46.

Collection of live rock has been considered as 
potentia lly destructive as it may lead to increased erosion 
and loss of im portan t fisheries habitat91. Some harvesting 
areas in Fiji, for example, have been converted into

unconsolidated rubble, possibly preventing areas from  
recovering over the long te rm 19. A study looking at the 
im pact of the co llection of cora l and o ther m arine 
organism s fo r the aquarium  trade showed that areas fu lly 
utilized for the collection of live rock had experienced 
severe d is rup tion  of the reef fla t, leading to a lga l 
predominance and potentia l declines in fisheries45. By 
contrast other collection sites showed that harvest of live 
rock had little  effect on the relatively sparse coral growth 
and probably also on the three-dim ensional s tructure of 
the reef as the entire reef fla t had little  topographic 
variab ility45. Overall, this relatively new trade, and its 
impacts, have not been w e ll studied and more research 
should look into the potentia l impact of live rock removal 
on surround ing  reef hab ita t and associated fauna. 
M onitoring of extraction activities and of trade in live rock 
is also recommended.

F ishing on cora l reefs w ith  dynam ite and 
explosives is not part of the m arine aquarium  trade: this 
is a common m isconception. Dynamite is a method 
com m only used for food fishing. It causes te rrib le  damage 
not only to fish populations but also to the reef habitat 
itse lf and may be an issue w orthy of more concern than 
the use of cyanide92.

Cyanide
Cyanide fishing involves crushing cyanide pellets into 
m akeshift squ irt bottles filled w ith  seawater. The fishers 
then dive down to coral form ations and squ irt cyanide into 
crevices where fish often hide. The poison stuns fish, thus 
making them easier to catch. Large percentages of fish 
captured through this method die in trans it due to the ir 
weakened state93, resulting in more fish being collected 
than would otherwise need to be, to allow  for a fatality 
m argin94. Reports indicate that between as few as 5 per 
cent95"16 and as many as 75 per cent96 of fish collected 
using narcotics die w ith in  hours of collection, and 20 per 
cent95 to 50 per cent die soon after that97. About another 
30 per cent on average96 die p rio r to export and it is not 
unusual fo r re ta il ou tle ts  in im porting  countries to
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reg ister m orta lities of 30 per cent o r m ore50. A 1997 
survey of US reta ile rs98 found that between one th ird and 
more than half of the aquarium  fish im ported from  
Southeast Asia died shortly  a fter arrival, most probably 
due to poisons used in capture and/or the stress of 
handling and transport.

Cyanide fishing is not w ithou t risks to the divers 
them selves, who often go to considerab le depths 
fo r extended periods of tim e and may su ffe r from  
decompression sickness, 'the bends', upon return to the 
surface.

The use of cyanide to capture reef fish originated 
in Taiwan and/or the Philippines in the 1960s and was

specifically targeted at fish destined for the aquarium  
m arket94,102,103. Estimates suggest that in the mid-1980s 
more than 80 per cent of att fish harvested in the 
Philippines and destined for the aquarium  trade were 
collected using cyanide94. More recent studies in the 
country indicate that 70 per cent of marine ornam ental

102 104reef fish are caught w ith  cyanide ' . Its use then spread
to Indonesia (in about 1985105) where, in the mid-1990s, it 
was estim ated tha t about 90 per cent of vessels 
transporting five fish in the eastern islands of Indonesia 
had cyanide on board106. Reports also indicate its use in 
Thailand6, Papua New Guinea105' 107, Malaysia, Viet Nam,

108 109the Maldives and Yemen . There are unconfirmed 
reports that its use may have spread to the Red Sea, 
Patau, Tanzania, the Seychelles, Sri Lanka, the M arshall 
Islands, the Solomon Islands, Fiji and Haiti108.

Cyanide fishing is ittegat in most countries. In 
Indonesia, for example, legislation from  1985 includes 
specific prohibition of the use of destructive fishing 
practices, such as the use of poison, w ith  penalties up to 
ten years in prison and/or a fine of 100 m illion rup iahs110 
(equivalent to US$12,000). The marine police and navy, in 
collaboration w ith  the fisheries service, are in charge of 
enforcing the taw110. However, the high prem ium  paid 
(often allowing for targe bribes), the ease w ith  which a 
great num ber of fish can be caught in a short tim e period, 
the often poor taw enforcement capacities and high levels 
of corruption have allowed the use of poison to spread 
rapidly throughout the Asia-Pacific reg ion102 and have 
made the eradication of this ittegat and highly destructive 
fishing technique nearly impossible.

In 1989, the Haribon Foundation in collaboration 
w ith Ocean Voice implemented, in the Philippines, the 
Alternative to Cyanide Fishing project in order to train 
aquarium collectors in the use of nets as an alternative to 
sodium cyanide. Results showed that 29 per cent of the 
trainees monitored were futty converted net users wh ilst 
the m ajority of fishers persisted in using sodium cyanide, 
though at a greatly reduced rate111. Subsequently, the 
Philippines government and the International Marinetife 
A lliance im plem ented a second, more aggressive 
program m e to re tra in  fishers in a lte rnatives to 
cyanide51,112. Public campaigns in the media and schools 
are also helping to raise awareness about the values of the 
reefs of the Philippines and the negative impacts of cyanide 
fish ing113. Five cyanide-detection facilities, capable of 
detecting tow levels of cyanide in fish tissues as weft as 
organs, have also been established. A fter five years of 
intensive efforts, five reef fish that test positive for cyanide 
declined from  80 per cent in 1993 to 20 per cent in 199851,98.

A s im ita r program me initiated in Indonesia for 
fishers in northern Sulawesi showed that ba rrie r nets did

Cyanide use and corals

One of th e  g re a te s t th re a ts  posed by cyan ide fish ing is
99 100

to  re e f e co sys tem s  ' . C yan ide  k ills  n o n -ta rg e t

o rg a n is m s , such as  o th e r  in v e rte b ra te s  and  fish , 

a lth o u g h  only re la tiv e ly  lim ite d  s c ie n tific  da ta  a re  

a va ila b le  on th is . R ep orts  have d e m o n s tra te d  th a t
v iy  33 39

exp osure  of co ra ls  to cyan ide causes b leaching ' 

R es u lts  fro m  a recen t s tu d y 101 d e m o n s tra te d  th a t  

exp osure  of colonies of th e  co m m o n ly  tra d e d  spec ies  

A cro p o ra  m ille p o ra , G oniopora  spp .. F av ites  abd ita , 

Trach yphyllia  g e o ffro y i, P le ro g y ra  spp. (g rap e  coral, 

p ictu red ), H elio fu n g ia  a c tin ifo rm is , E u p h y llia  d ivisa  

and S a rc o p h y to n  spp . to  v a ry in g  c o n c e n tra tio n s  of 

cyan ide  ov e r d iffe re n t t im e  period s  caused m o rta lity  in 

a l l  c o ra ls  (th ro u g h , fo r  e x a m p le , b lea c h in g  and  

progress ive  tissu e  d e ta ch m e n t fro m  th e  ske le to n ). 

A cro p o ra , th e  genus m ost like ly  to be spec ifica lly  

ta rg e te d  by fis h e rs  fo r  th e  co llection  of fish , as th e s e  

te n d  to  h ide  a m o n g s t its  b ra n c h e s , w a s  m ost 

v u ln e ra b le  to  cyan ide exp osure , show ing  rap id  s igns of 

s tress  and b lea c h in g 101.
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not prove to be an effective cottection method and many 
cottectors have been stow to switch to nets or have 
reverted to cyanide afte r the net train ing program m e102. 
A tthough considerabte demand fo r 'green ' m arine 
products exists in overseas specia tty  m arkets, and 
possibty even tocatty, the m arkets have faited to convey 
this to producers in an expticit way.

Consequentty, an ever-increasing percentage of 
fishes are caught in Austratia, Hawaii, Ftorida, the Greater 
Caribbean6,102 and the Pacific Istands such as Fiji, where 
cottectors are often the exporters (90 per cent in 
Austratia40] and are known to use more sustainabte capture 
techniques, such as nets. As a resutt, survivorship post
capture is higher and m ortatity for the target species 
fottowing shipping and handting often negtigibte.

There is hope that the use of cyanide can be 
curtaited. However, in order to accomptish this a number of 
m ajor steps are required. The first, and probabty the most 
d ifficutt one, requires governments of source countries to 
face up to this probtem by reform ing the ir poticies and 
strengthen ing th e ir ins titu tions (e.g. m ount pubtic 
awareness campaigns in the media and schoots; regutate 
the importation, distribution and use of cyanide], Secondty, 
governments of im porting countries must take steps to 
reinforce measures adopted by the source countries (e.g. 
m onitor im ports of five fish and provide data to exporting 
countries; raise awareness of the impacts of cyanide 
fishing]102. A reduction in the number of middtemen often 
invotved woutd hetp ensure that a greater percentage of the 
price paid by exporters for ornam entat fish goes to 
cottectors. Consumers atso have an im portant rote to ptay: 
if sufficient numbers of informed consumers demand fish 
that have been caught using sustainabte techniques it is 
tikety that this w itt have im portant positive repercussions 
on fishing methods in Southeast Asia.

IMPACTS ON POPULATIONS
Most trade rs  argue tha t the cottection of m arine 
ornam entals for the aquarium  trade has no negative 
im pact on reef fish populations. This is tikety to be true for 
fisheries tha t are fa irly  sm a ll in com parison to the 
available resource base (fish population], A study in the 
Cook Istands showed that the to ta l catch per unit effort 
remained constant between 1990 and 1994114, an indicator 
that fish populations on these istands were probabty being 
harvested sustainably. In Austratia, through the use of 
perm its, the aquarium  trade fishery is such that current 
levels of exploitation are sustainabte41. However, Austratia 
is an unusual case, as the Great B arrie r Reef is the 
largest reef system in the w orld. The available habitat and 
the interconnectivity of fish populations provide resilience 
to adverse effects from  a comparatively sm a ll marine

A typ ica l c o lle c to r 's  boat, ca lled  bancas, in th e  P h ilipp ines.

ornam entat fishery41. Nevertheless, no m atter how targe 
a fishery is, not att fish are equally available or equally 
attractive to the industry and the most common fish are 
not necessarily  those m ost favoured by hobbyists. 
Consequentty, the effects of collecting for the aquarium  
fish trade should be measured w ith respect to the ir 
potentia l to deplete pa rticu la r species or locations ra ther 
than viewed in term s of the ir global im pact41.

Several countries in Asia and South America, for 
example, have begun to im plem ent cottection restrictions 
of certa in  ornam enta t fish species due to fears of 
reduction beyond recovery of population num bers115 and 
possib le res truc tu ring  of reef com m unities  due to 
sustained cottection pressures on favoured species18,47. 
Atthough no m arine species collected for the aquarium
trade is known to have been driven to global extinction,

116 116stud ies carried  out in Sri Lanka , Kenya , the
11V 118 119 1?nPhilippines 1 , Indonesia and Hawaii and anecdotal

in fo rm a tion  from  A u s tra lia 41 att reported localized 
depletion of a num ber of target aquarium  species of fish 
(e.g. butterftyfish, angelfish], due to heavy collecting 
pressure. However, there is a need for improved in fo r
mation on fishing e ffo rt121, catch and location, as w e ll as 
more research on the effects of cottection of fish for the 
aquarium  trade. To date, most evaluations of d irect 
impacts of the aquarium  trade on reef fish (corat and 
invertebrates] populations come from  visual censuses of 
fish  densities, ca lcu la tions of po ten tia l y ie ld  from
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C le a n e r  f is h , L a b r o id e s  d im id ia tu s

C le a n e r  fish  and  s h r im p  have s tim u la te d  d iscuss ion  

regard ing  th e  im pact of m arin e  o rn a m e n ta l fis h e rie s  on 

eco log ical processes. Th e  tw o  m ain  groups of c le a n e r  fish, 

w hich  rem ove paras ites  and o th e r  m a te r ia l such as  m ucus  

and dead tis s u e 125 fro m  o th e r  ree f o rgan ism s, a re  gobies  

and w ra s se s , but ju ven ile  species of an g e lfish  have also  

been observed feed ing  th is  w a y 6. M any of th e s e  spec ies  a re  

p o p u la r  m a r in e  o rn a m e n ta l s p e c ie s  (e .g . th e  F rench  

a nge lfish  P o m acan th u s  p aru , g rey an g e lfish  P om acan thus  

a rc u a tu s ) w ith  rep orts  of th e  b lu e s tre a k  c le a n e r  w ra s se , 

L a bro ides  d im id ia tus , being trad ed  in la rg e  nu m b ers  -  at 

least 2 0 ,000  a y e a r  fro m  S ri L an ka66. GM AD im p o rte rs ’ data  

(e xp o rte rs ’ data  fro m  1 9 9 6 -2 0 0 3  in paren thes is  w h e re  

applicab le ) fo r  th e  yea rs  1 9 8 8 -2 0 0 2  show ed 33 indiv iduals  

(173) e xp orted  fro m  Fiji, 7 ,258  (23 ,597) fro m  Indonesia , 62  

fro m  Kenya, 3 ,1 6 4  (3 ,707) fro m  th e  M ald ives , 30  fro m  the  

N e th e rla n d s  (re -e x p o rt), 831 (23 ,159) fro m  th e  P h ilipp ines , 

97  fro m  S in gapore  (re -e x p o rt), 5 ,347  (11 ,100) fro m  Sri 

Lanka  and 132 ,09 2  fro m  an un kn ow n orig in . E x p o rte rs ’ 

records a lso  show ed 43  indiv iduals  e xp orted  fro m  the  

M a rs h a ll Is lands, 51 fro m  P a lau , 78 fro m  S audi A rab ia  and  

4 12  fro m  th e  S o lom on Is lands.

L a b ro id e s  d im id ia tu s  te n d  to  be m o re  a b u n d a n t at 

s ite s  w ith  g r e a te r  n u m b e rs  of s e d e n ta ry  fis h , fe w e r  

p re d a to rs , fe w e r  fish  a g g re g a tin g  in la rg e  sch oo ls  and  

w h e re  th e  s p e c ie s  ric h n e s s  of th e  fish  c o m m u n ity  is 

h ig h e r125. D ue to  th e ir  ro le  in m a in ta in in g  th e  h e a lth  and  

d ive rs ity  of th e ir  ‘c lie n ts ’, co n c e rn s  have been  ra ised  

ab o u t th e  im p a c t on p o p u la tio n  le v e ls  of th e  s p e c ie s  and  

re e f h e a lth  in g e n e ra l of rem o v in g  la rg e  q u a n titie s  of 

L a b ro id e s  d im id ia tu s  fo r  th e  a q u a r iu m  t r a d e 57. M ost

e x p e r im e n ta l re m o v a ls  of c le a n e r f is h  have fa ile d  to  s how
126 128

s ig n if ic a n t e ffe c ts  , a lth o u g h  p a ra s ite  lo ad  w a s  

show n to  in c re a se  fo u r-fo ld  on s e le c te d  c lie n ts  w ith in  12  

ho urs  of being de p riv e d  of access to c le a n e r f is h 129.

A  re c e n t s tu d y  w h ic h  a n a ly s ed  th e  c au s a l lin k  

b e tw e e n  c le a n e r  fish  p re s e n c e /a b s e n c e  and re e f fish  

divers ity  a t Ras M o h am m ed , Egypt, d e m o n s tra te d  th a t  

L ab ro id e s  d im id ia tu s  has a s ign ifican t e ffec t on local ree f  

fish d ive rs ity  w ith  a m o re  rap id  in crease  in d ive rs ity  being  

recorded w h e n  c le a n e r  fish  a re  added to ind iv idua l ree f 

pa tc h e s 130. In deed , th e  rem o v a l of L ab ro id e s  d im id ia tu s  

had no e ffec t on fish abun dance  w ith in  th e  firs t fe w  w e e k s , 

but a s ig n ifican t d e c lin e  in fish  d ivers ity  w a s  recorded  a f te r  

a 4 -2 0  m o n th  t im e  p e rio d . On th e  o th e r  h an d , th e  

im m ig ra tio n  o r  add ition  of L ab ro id e s  d im id ia tu s  ind iv i

duals  to re e f patches led to an im m e d ia te , i.e. w ith in  2 -4  

w e e k s , s ign ifican t in crease  in fish  diversity.

In a d d itio n  to  p lay ing a key ro le  in re e f h e a lth  -  th e  

rem o v a l of L a b ro id e s  d im id ia tu s  in la rg e  q u a n titie s  fo r  

th e  a q u a r iu m  tra d e  is lik e ly  to  have n e g a tiv e  im p a c ts  on 

re e f d iv e rs ity  -  th is  s p e c ie s  te n d s  to  fa re  p o o rly  in 

a q u a r iu m  cond itio ns  u n le ss  kep t w ith  a la rg e  c o m m u n ity  

of fis h e s , and is not lik e ly  to accep t s u b s titu te  foods, so 

a q u a ris ts  a re  adv ised  to  avoid i t131.

modeUing, estimated exports from  custom records, or 
observations by experienced biologists and com m ercial 
fishers, often w ithou t quantitative validation37. The most 
thorough attem pt at quantifying the im pact of corat 
harvesting on species d istribu tion and abundance was 
carried out in the Philippines. Results of the study, which 
compared corat com m unity param eters at two sites, one 
where no cottection occurred, the other heavily harvested, 
showed that corat cottection had resulted in a reduction of 
corat cover (31 per cent) and corat density (64 per cent)122. 
Six commonly collected corals experienced declines in 
abundance, by more than 70 per cent122. Atthough corat 
exports have since been banned from  the Philippines, it is 
possible that s im ita r im pacts would be observed at

heavily exploited sites in Indonesia. No comparable study 
to date has been carried out for Indonesia.

The only systematic study assessing the effects of 
harvesting fish fo r the aquarium  trade on resource

120 123populations was carried out in Hawaii ’ . The study
reported that eight of the ten species most targeted by 
cottectors showed declines in abundance at harvesting 
sites relative to contro l sites (i.e. where no cottection of 
organisms was taking place). The magnitude of the overall 
decline was highest for Achilles tang (Acanthurus achilles) 
(57 per cent) and lowest fo r pebbled butte rftyfish 
(Chaetodon multicinctus) (38 per cent). However, tem poral 
effects such as yearly fluctuations in recru itm ent”  of 
common species (e.g. yellow tang (Zebrasoma flavescens))
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might be substantial for the time frame of such a study and 
thus results need to be evaluated w ith care. The study also 
showed that, atthough the three most heavily collected 
species were herbivorous (Zebrasoma flavescens, spotted 
surgeonfish (Ctenochaetus s trigosus ] and A canthurus  
achilles), and suffered significant reductions in abundance 
at cottection sites, no increases in algae abundance were 
recorded when compared w ith control s ites120.

Life histories
White a huge diversity of species is demanded for the 
aquarium  trade, a targe part of the trade tends to be 
centred on individual species. These species' vu lnerability  
to cottection w ilt depend on a num ber of life history 
param eters, in p a rtic u la r grow th, reproduction and 
recru itm en t54.

Stony corals
Overall, there is very tittle  inform ation available on the life 
history characteristics, growth rate or reproduction mode 
of most corat genera in trade. Environmental conditions 
influencing individual corats tend to be responsible fo r 
great variations in life history characteristics. The same 
species of corat sampled in two different locations may 
display a d iffe ren t mode of reproduction and great 
variation in growth rate. For example, corat specimens at 
sha llow er depth tend to grow faster than specimens 
found in deeper w a te r135.

Corats show various sexual cha racteris tics , 
including two different types of sex, gonochoric (separate 
mate and female colonies] and herm aphroditic (single 
individual is both mate and female]. In a herm aphroditic 
corat (e.g. m ost corals in the genera Acropora  and 
CynarinaI, a single individual is capable of producing both 
eggs and sperm. Examples of gonochoric corals include 
C ata laphyllia , Euphyllia, Goniopora  and Heliofungia. 
Corals also exhibit two d istinct modes of reproduction: 
brooding and spawning. In brooding corals, eggs are 
fertilized inside the corat polyp and are released as fu lly 
form ed ptanuta larvae that are ready to settle onto reef 
substrate. Spawning corals, on the other hand, release 
the ir gametes into the w ater column, where fertilization 
and larval development takes place externally. Spawning 
in herm aphroditic species is usually restricted to one 
o r a few nights each year, and occurs synchronously 
throughout each population. Gonochoric spawners, on the 
o ther hand, tend to have longer breeding periods and less 
tigh tly  synchronized spawning episodes136. S ignificant 
reductions in population densities of cora ls due to 
cottection of colonies fo r the aquarium  trade could have 
im plications on the ir reproductive success, and thus long
term  reef stab ility  and health.

Sea anemones

Of a l l  100  s p e c ie s  of s e a  a n e m o n e s  o c c u rr in g  

th ro u g h o u t th e  w o r ld ’s oceans , on ly  te n  a re  hosts to  

a n e m o n e fis h 132. A n e m o n e fis h , on th e  o th e r  hand , 

w ith  th e  excep tion  of D a s c y llu s  tr im a c u la tu s , a re  

a lw a y s  a s s o c ia te d  w ith  a n e m o n e s  a nd  can on ly  

be fou nd in p a rts  of th e  In d ian  O cean , Red S ea  

a nd  P a c if ic  O cean  (p ic tu re d  a re  B a r r ie r  R ee f  

a n e n o m e fis h , A m p h ip rio n  a k in d y n o s ). A n e m o n e s  and  

th e ir  o b lig a te  sym bionts™ ' a re  v e ry  p o p u la r  w ith  

m a rin e  a q u a r is ts  due to th e ir  c o lo u rfu l d isp lays , ease  

of c are  and  lo n g e v ity  in cap tiv ity . In th e  F lo r id a  Keys, 

co lle c to rs  w ith  th e  a p p ro p ria te  lice n c e  m ay  ha rve s t  

4 0 0  g ian t sea  a n e m o n e s  ( C o n d ylac tis  g ig a n te a n ) p e r  

v e s s e l p e r  day. E s tim a te s  s h o w  th a t  an  a n n u a l  

a v e ra g e  of a p p ro x im a te ly  11 .8  m illio n  a n e m o n e s  

w e re  la n d ed  b e tw e e n  1 99 7  and  1 99 9 , w ith  m o re  than  

90 p e r  cen t of th e s e  c o llec ted  in th e  F lo r id a  K eys133. 

D ata  fro m  c o lle c to rs ’ lo gbo oks  in th e  O lango reg ion , 

P h ilip p in es , rev e a le d  th a t fis h e rs  in th e  reg ion  lan d ed  

510  sea  a n e m o n e s  (e q u iv a le n t to  1 .7  p e r  cen t of a ll  

c o lle c te d  o rg a n is m s ) a nd  1 7 ,1 6 0  a n e m o n e fis h  

b e tw e e n  J a n u a ry  and  A p r il 2 0 0 2 134.

In an ana lys is  of th e  m a r in e  o rn a m e n ta l fish  

tra d e  u n d e rta k e n  in th e  M ald ives  in 1992 , th e  au th o rs  

voiced concern ov e r th e  p o ten tia l lo ca l overexp lo ita tio n  

of sea  a n e m o n e s  and th e  possib le  nega tive  im pacts  a 

la c k  of s u ita b le  h ab itat (i.e. a n e m o n e s ) m ay have on 

lo ca l c low nfish  po p u la tio n s90. Indeed , anem o nefish  

s tric tly  depend on anem o nes , rec ru iting  to th e m  as 

la rvae  and u tiliz ing  th e m  as adu lts. R esu lts  of the  only  

study to date  addressing the  p o p u la tio n -le v e l im pacts  

of co llecting m arin e  o rn a m en ta ls  (in th is  case sea  

a nem o nes) show  th a t close to 60 p e r cent of th e  catch 

of co llec tors  in the  P h ilipp ines  consisted of a n e m o n e 

fish and anem o nes, and th a t both these  resources  

exh ib ited  s ig n ific a n tly  lo w e r d e n s ities  at exp lo ited  

s ite s 134. M oreover, th e  low  abundance of sea anem o nes  

e x p la in e d  80 p e r  cen t of th e  red uced  d e n s ity  of 

a n e m o n e fis h  recorded  in co llec tio n  a re a s 134.
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Stony corals are known to reproduce both sexually 
and asexuatty. A variety of environm ental factors are 
known to regulate reproduction in corals. These include 
sea tem perature, day length, lunar phases, tida l cycles, 
daily tigh t/dark cycles, w a te r quality, sa lin ity and food 
availability. Variations of these factors in aquaria have 
allowed public aquaria and a few dedicated hobbyists to 
w itness sexual reproduction of corals in a closed system. 
Sexual reproduction requires the fertilization of eggs by 
sperm  and results in sm alt ptanuta larvae, which disperse 
into the plankton and may eventually settle on the ir reef 
of origin or on distant reefs. Rates of recru itm ent (the 
process whereby newly form ed individuals become part 
of the reef com m unity137] d iffe r greatly between coral 
species, w ith species of Acropora  and Pocittopora charac
terized by high recru itm ent rates, and individual reefs 
vary m arkedly in the num ber of cora l recru its  they 
receive. Hence, replacem ent rates of harvested corals for 
these two species tend to be relatively high. In contrast 
o ther species, pa rticu larly  in areas experiencing tower 
recru itm ent rates, may have a tower capacity to recover 
from  cottection pressures138.

Asexual reproduction is a common process for a 
targe number of coral species, particularly in branching 
corals. Fragmentation, an im portant means of asexual 
reproduction139, is the most common method used by 
aquarium  hobbyists fo r propagating corals. It is a 
straightforward process that involves carefully breaking off 
branches or pieces from  the parent colony and placing 
them elsewhere in the tank. Fragmentation can be applied 
to most species of stony coral. The Waikiki aquarium, for 
example, distributed 780 fragments in 19 9 732. Fragments of 
various species are frequently traded between individual 
hobbyists, thus providing an alternative supply source 
(atthough a m inor one], at least for some species, to corals 
harvested from the wild.

To date tittle  more inform ation is available at a 
spec ies-specific  level than the genera l descrip tive 
reproduction biology described above. Acquiring more 
inform ation and detailed species- and country-specific 
data on these basic aspects of coral biology, and how 
cottection for the aquarium  trade may impact populations, 
is im portan t and necessary when attem pting to derive 
management strategies based on sustainabte yields for 
the aquarium  trade.

Corat growth rate is another im portant factor to 
take into consideration when developing a sustainabte 
corat harvest m anagem ent plan. Atthough d iffe rent 
environmental conditions such as tight, temperature and 
depth can have a tremendous impact on variation in growth 
rates, massive corals (with dense skeletons] are said to 
exhibit average annual growth rates of 10-12 m m 140 and

C a u lif lo w e r/a la b a s te r  co ra !, P o c itto p o ra  spp.

branching species (with more porous structures] 30-40 
mm, w ith some Acropora  species growing up to 100-200 
mm per year141. Hence, fast-growing corals w ilt tend to 
suffer less from cottection pressure whereas slow-growing 
species w ilt take longer to recover.

However, overall, it is im portan t to put the 
potentia l impacts of harvesting corat species for the 
ornam entat trade in perspective. Results from  a study 
looking at the amount of corals gathered from  reef areas 
for the production of time show that in West Lombok 60 
fam ilies produce an annual to ta l of 900 tonnes of time per 
year142, necessitating the cottection of approxim ately 
1,600 tonnes of corat. Considering that in the mid-1990s 
Indonesian exports never exceeded an annual to ta l of 
2,000 tonnes, it is clear that practices such as corat 
m ining fo r the production of time rock have a much more 
significant impact on the alteration of corat populations 
and com m unity s tructure  than the cottection of corals for 
the ornam entat trade.

Soft corats and sea fans
S im ilarly  to stony corals, soft corals reproduce sexually 
(spawning and brooding] and asexuatty. Most soft corat 
and sea fan species are gonochoric; however some 
species such as Xenia  are he rm aphrod itic . Many 
gonochoric species, such as the genus Ctavutaria, the 
fam ily Xeniidae and many gorgonians, are brooders. 
Atcyoniid so ft cora ls  (e.g. C espitu laria, S inularia , 
Sarcophyton, Lobophytum) are spawners, where mass 
spawning is synchronized by lunar phase and/or w ater 
tem perature. Asexual propagation, fo r example through
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fission, is very common in soft coral reproduction. Most 
soft corals, both in the w ild and in captivity, propagate 
themselves this way.

Fish
Although coral reef fish exhibit a wide variety of mating 
s tra teg ies, ranging from  mass spawning events to 
established nests and incubating eggs in a special pouch 
on the abdomen, m ost fish larvae d is tribu te  w idely 
through wave and w ind-driven ocean currents“ " U3_U5. 
This makes replenishm ent of reefs w ith  new fish larvae 
highly dependent on these currents, and by extension the 
num ber of fish available fo r susta inable aquarium  
collection is highly variable.

Just as mating systems d iffe r w idely between 
species, fish display unusual plasticity in the ir sexuality. 
Some species are gonochoristic, w ith individual fish being 
perm anently male or female. However, for many species 
sex is not fixed and is de term ined through socia l 
interactions. In anemonefish, for example, the largest 
individual is a female. New recru its s ta rt the ir life as 
male. Should the female be removed from  the colony, the 
largest male changes sex and becomes the dom inant

fem a le41,132. The effects of fish ing are s ig n ifican tly  
d ifferent fo r species that are herm aphroditic compared 
w ith  species that do not change sex. A fishery selectively 
removing la rger anim als f irs t w ill mean that anim als w ill 
have to s ta rt changing sex at sm a lle r sizes, possibly 
reducing the fitness of individuals, and thus making 
herm aphroditic stocks more vulnerable to overfishing. 
Greater fishing pressure, together w ith  the biological and 
ecological characteristics of some of these species, may 
make them more vulnerable to exploitation than other 
fish species41. Life history tra its  of fish are associated w ith 
the ir vu lnerab ility  to explo itation146' 147, the ir ra rity148 and 
the ir risk of extinction149"151.

Trade in ornam ental m arine fishes tends to be 
characterized by extreme selective harvesting. For a ll 
species, w ith the possible exception of sm a lle r species 
such as gobies, blennies and dottybacks, juveniles are 
preferentia lly targeted by aquarium  fish collectors due to 
the ir distinctive coloration, ease of maintenance and size- 
ratio w ith  respect to tank size37. A study carried out in 
Hong Kong showed that 56 per cent of 12,652 fishes ready 
fo r re ta il sale were juveniles24. Such preferences may 
potentia lly reduce the risk of over-harvesting by leaving

The scribbled angelfish, Chaetodontoplus duboulayi

A n e c d o ta l in fo rm a tio n  has s u g g es te d  th a t s o m e  

populations of th e  scribb led  an g e lfish  (C haetodontop lus  

d u b o u la y i, p ic tu re d ) m ay  be d e p le te d . A lth o u g h  th is  

in fo rm atio n  has not as  yet been va lida ted  by scientific  

s u rveys , lo ca l f is h e rs  in Q u e e n s la n d , A u s tra lia , have  

observed s ign ificant flu c tu atio n s  in population dens ities  

o ver th e  y ea rs  and thu s  have raised concerns. P o p u la tio n  

e s tim a te s  b e tw e e n  th e  K e p p e l Is la n d  g ro u p  a n d  th e  

s o u th e rn  e x te n t o f th e  s p e c ie s  in H e rv e y  B ay, A u s tra lia ,  

s h o w  lo w e r  p o p u la tio n  n u m b e r s  th a n  in th e  p a s t. 

S c rib b le d  a n g e lf is h  a re  an  im p o rta n t s p e c ie s  in th e  

a q u a riu m  tra d e  because they  a re  ‘e n d e m ic ’ to  A u s tra lia  and  

Papua N e w  G u inea, hence ra re  and th e re fo re  in high  

dem an d . A ccording to GM AD data  3 ,5 4 4  (tota l) of th is  

species w e re  e xp orted  fro m  Australia™ '" b e tw een  1988  

and 2001 .

Ind iv idua ls  of th is  spec ies  tend  to be found re la tive ly  

close to shore , in soft ree f and sponge ree f hab itats , in the  

tu rb id  w a te rs  th a t s tre tch  fro m  H ervey  Bay north  to Papua  

N e w  G uinea. In th e  C airn s  reg ion , an th rop ogen ic  in fluences  

have severe ly  im pacted  th is  hab itat and m ay have ind irectly  

led to dec lin es  in scribb led  an g e lfish  po pulations. A lthough  

fishing p ressu re  is tho ught to  be one of a n u m b e r  of 

im pacts  to have a ffec ted  n u m b ers , b iological and o th e r

S cribb led  a nge lfish , C ha e to d on top lus  duboulayi-, fe m a le  (left) 

and m a le  (right).

c h a ra c te r is tic s , such  a s  a n n u a l re c ru itm e n t p a tte rn s  

dep en d en t on s easo n al te m p e ra tu re  o r  ra in fa ll, habitat 

a lte ra tio n  due to tra w lin g , and s ed im en ta tio n  and po llu tion  

m ay have contributed  to  th e ir  dec line.

B ase line  in fo rm atio n  and g e n e ra l life  h isto ry  data  a re  

needed  on th is  sp ec ies  to  he lp  m a k e  m o re  in fo rm ed  

decis ions reg ard ing  its co llection fo r  th e  a q u a riu m  trad e . 

E stab lish ing a re a s  closed to th e  fis h e ry  of th is  species, 

as  w e ll as  lim itin g  c o m m e rc ia l e ffo rt in th e  fishery , have  

been suggested as reco m m en d atio n s  to  prevent fu r th e r  

depletion  of th e s e  fish stocks.

b o u rc e :  Q FM A
4I
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breeding adults on the reefs. However, should juveniles 
consistently be heavily harvested, adult populations w ill 
su ffe r as only a lim ited num ber of young w ill grow to 
reach adult size and replenish the adult stock.

Most coral reef fishes have broad d is tribu tions152. 
Some species such as the Moorish idol, Zanctus cornutus, 
are d istributed throughout most of the Pacific and Indian 
Oceans. A sm a ll num ber of species, on the other hand, 
are known only from  restricted waters and/or are known 
as endemics. In assessing the conservation value of these 
endemic species, d istribu tion and abundance m ust be 
distinguished. Some species are naturally rare, occurring 
only in very restricted locations, or na tura lly occur in 
low er num bers, even though they may be w ide ly  
d is tribu ted6. Other species may be abundant at different 
sites, but the ir d istribu tion is lim ited to specific habitats41. 
The more widespread and/or abundant a species is, the 
less vulnerable it is to exploitation.

Increased ra rity  often im p lies h igher prices6. 
Ind iv iduals of two rare species, the ye llow -faced 
angelfish, Pomacanthus xanthometapon, and the blue- 
girdled angelfish, Pomacanthus navarchus, fetch prices 
in the range of hundreds of do llars in the United States37. 
The pepperm in t ange lfish Centropyge boyte i may 
command a price as high as US$10,0 0 037. O fficially 
protected species may artific ia lly  drive prices up for the 
few licensed to trade in them  (e.g. seadragons, 
Phycodurus eques and P hyllop te ryx  taen io la tus)37. 
However, high prices are not necessarily an indication 
tha t a species is rare and there fore  vu lne rab le  to 
ove rco llec tion6. The deep reef species, T inker's  
b u tte rfly fish , Chaetodon tinkeri, can s e ll fo r up to 
US$1,000 per pair and has a restricted range, occurring 
only in the Marshall, Johnston and Hawaiian Islands. 
However, the high price is probably driven by the d ifficu lty  
in collecting the fish as it lives at depths of 27 to 135 m 153. 
Furtherm ore, due to the depth at which this species 
occurs it is possible that it is more abundantly d istributed 
than at firs t appears.

Caution should be exercised when examining the 
ra rity  of individual species. For example the raccoon 
bu tte rfly fish , Chaetodon lunula, the blackwedged 
butterflyfish, Chaetodon falcula, the dw arf angelfish, 
Centropyge m u ltisp in is , and the regal angelfish, 
Pygoplites diacanthus, are rare off Sri Lanka, making 
collection inadvisable, but abundant in the Maldives 
where populations could m aintain sustainable collection6. 
Hence, in order to encourage protection and conservation 
of these species in Sri Lanka's waters, hobbyists should 
try  to purchase specimens originating from  the Maldives 
(and/or Mozambique in the case of the dwarf angelfish]6.

Inform ation relating to Pterapogon kaudern i and

Hippocampus spp. w ill be presented and used as exam
ples to dem onstrate species vu lnerab ility  to collection for 
the m arine ornam ental trade.

Pterapogon kauderni
The Banggai ca rd ina lfish , o rig in a lly  described by 
Koumans in 1933 and 'rediscovered' in 1991121, is a 
popular fish amongst hobbyists and public aquarists due 
to its attractive appearance and the ease w ith  which most 
individuals readily acclimatize to aquarium  confines131. A 
paternal mouth brooder (males incubate the female's 
eggs in the ir m ouths un til a fte r hatching of the youngi, the 
Banggai cardinalfish is a sm a ll (m axim um  55 m m 58] 
species of fish that is relatively common, but whose 
distribu tion is restricted to the shallow  waters (reef and 
seagrass habitat] of the Banggai Islands, an area of 
approximately 10,000 km 2 off the east coast of centra l 
Sulawesi, Indonesia. It usually lives in groups of 20 to 200 
individuals that hover above long-spined sea urchins, 
Diadema setosum, or branched corals that the species 
uses as a refuge if threatened154,155. Juveniles are also 
known to associate and take she lte r in the fungiid coral 
Heliofungia actin ifo rm is  and anemones156,157.

Biologists and conservationists have expressed 
concern about the potentia l im pact of collecting this 
species fo r the aquarium  trade155 due to:
□  the high and increasing fishing levels recorded over the 

species' entire d is tribu tiona l range156, e.g. 180,000 fish 
per month being sold in the Banggai region75

□  its restricted habita t158
□  its low fecundity (lowest recorded fecundity rate of a ll 

apogonids] and increased energy invested in parental 
care

□  its low dispersal rate due to the lack of planktonic 
dispersal of its eggs121

B angga i c a rd in a lf is h , P te ra p o g o n  k a u d e rn i.
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The mandarinfish, Synchiropus sp lendidus

Extrem ely lim ited scientific inform ation, particu larly  on its 

biology and fishery, is available for the sm all, benthic dragonet 

of the W estern  Pacific. A ll individuals traded for the aquarium  

industry are taken from  the w ild and the impact of heavy 

collection (21,458 individuals based on im porters ’ data or 

11,168 individuals based on exporters ’ data in GMAD, traded  

within the EU only) on fish populations is unknown. It is subject 

to a sex-selective fishery (up to 70 per cent of fish caught are  

m ale) as la rger m ales are most attractive to hobbyists. This 

has the potential to disrupt exploited populations, both by 

direct rem ovals and through the indirect effects of removing  

la rger adult m ales in a mating system w h ere  fem ales prefer to 

spawn w ith large males.

In the  Ph ilipp ines, Batasan Is land fish ers  heavily  

targeted m andarinfish  betw een 1987 and 1995. In 1998, 

average size w as recorded at 30 m m  to ta l length com pared  

w ith  60 m m  in the 1980s, and reduced num bers  w ere  

recorded at capture sites. A fte r  the m id -1990s, prices fetched  

by m andarinfish  on the aquarium  m arket dropped and the  

f is h e ry  d ec lin ed . Though spec ies  s ize  has recovered  

som ew hat since 1995, abundances are s till low -  1,000 fish in 

th ree  hours of fishing w hen fish w e re  com m on, versus 23 fish 

in tw o hours in 2001.

In addition to being vulnerable  to collection in the wild, 

this species is difficult to m aintain in captivity as it needs to be 

provided w ith large am ounts of live prey and m ust be kept in a Source: Sadovy'™

w e ll established aquarium  w ith  live substrate and plenty of 

hiding places131.

It is recom m ended that continuous efforts be m ade to 

rea r this species in captivity to lessen sex-selective pressure  

on w ild  populations. H ow ever, due to its aquarium  

‘unsuitability’ (see below, p 43) overall im ports of this species 

should be closely m onitored and res tric ted . Indiv idual 

specim ens should only be considered fo r sale to experienced  

aquarists.

□ the fact tha t very lit t le  is known about existing 
populations

□  the degraded and deteriorating state of its habitats, 
mainly due to destructive fishing practices159, and

□  its popularity amongst hobbyists.

A recent study showed that, despite the use of non
destructive fishing methods, the fishery had a negative 
effect on fish density when sites w ith high fishing pressure 
were compared to sites w ith low fishing levels155. Fishing 
also had a significant effect on group size (halving of 
average group size where sites w ith high and low fishing 
pressure were compared), which may lead to strong nega
tive impacts on individual fitness in the future (referred to 
as the Allee effect in the scientific literature)155,160,161.

As a precautionary measure the species has been 
in fo rm ally  proposed for listing on the IUCN Red List of 
Threatened Species as 'C ritica lly  Endangered’157. Should 
such a listing be made offic ia l it would m erely draw 
atten tion to the threa ts facing th is species w ithou t 
imposing any trade restrictions.

Soon a fte r the Banggai cardinalfish appeared in 
the aquarium  trade, a breeding program m e was 
developed at the New Jersey State Aquarium 162. As this 
fish  can be reared through its en tire  life  cycle in 
captivity162, it is strongly recommended that e fforts be 
developed to raise this species in captivity and in the field 
(preferably in Indonesia to avoid removing livelihoods 
from  local communities). This would reduce the need to 
capture w ild specimens to supply the trade. It is fu rthe r 
recom m ended tha t a trade m on ito ring  system  be 
established through direct collaboration w ith  aquarium  
fish exporters. Targeting and inputting trade volumes of 
the Banggai cardinalfish into GMAD could help spearhead 
such a m onitoring initiative and allow  better estim ates of 
traded numbers to be derived. Improvements in the 
sus ta inab ility  of the cu rren t trade through directed 
tra in ing programmes on holding, packing and shipping, 
to reduce m o rta lity  rates of the species, are also 
recom m ended75. The developm ent of env ironm enta l 
education m ateria l and programmes to promote public 
awareness are strongly encouraged and the potential
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im plem entation of marine protected areas should be 
investigated75.

Hippocampus spp.
Seahorses are distinctive, bony fishes, which belong to 
the fam ily Syngnathidae, a fam ily that also includes 
seadragons, pipefishes and pipehorses. A ll seahorses 
are included in one genus, Hippocampus. There are 
approximately 40 recognized species of seahorse, w ith 
a few more likely to be described in the fu tu re163. New 
species of seahorses recently  described include 
Hippocampus denise61 and H. queenslandicus'1’1' .

Seahorses have a global d istribution, w ith  the 
highest d iversity occurring in the Indo-Pacific. They 
typically inhabit marine or brackish w ater and occur at 
depths of 1 -15 m, among seagrasses, kelp beds, a lgal and 
rocky reefs, mangrove prop roots and coral reefs, w ith  a 
few species preferring open sand or muddy bottom s165. 
Very little  is known about the basic life history parameters 
of most seahorse species. For species where data are 
available individuals mature between the age of six and 
twelve m onths166. In a ll species of seahorses it is the male 
who becomes pregnant and broods the developing 
embryos for ten days to six weeks depending on species 
and w ate r tem perature. Seahorses form  fa ith fu l long
term  pair bonds and a male w ill mate exclusively w ith  a 
female partner. Once the young are born, they are fu lly  
independent and receive no care from  e ither parent. 
Seahorses are particu la rly  vulnerable to overcollection as 
they have a lim ited reproductive rate (due to lengthy 
brooding] and th e ir  socia l s tru c tu re  can easily be 
disrupted (due to fa ith fu l pair bonding] fu rthe r reducing 
the reproductive ra te166. To compound the problem the ir 
hab ita t range is under th rea t from  anthropogenic 
activities, which are quickly destroying ecosystems of the 
coastal zone. A num ber of reports167 have expressed 
concern over overexploitation in the w ild and consequent 
declines in populations of seahorses.

A ll seahorses are listed as 'Vulnerable' or 'Data 
Deficient' on the IUCN Red List of Threatened Species, 
except for H. capensis, which is listed as 'Endangered'. In 
Novem ber 2002, Hippocam pus  spp. was lis ted in 
Appendix II of CITES, to become effective on 15 May 2004, 
meaning that perm its w ill be required to im port and 
export species of this genus (32 species as recognized by 
CITES Appendix III. Six species were listed on the basis 
that harvest for trade exceeds sustainable levels that can 
be continued in perpetuity, and the remaining 26 were 
listed to bring trade in specimens of the other species 
under effective contro l, as ind iv idua l Hippocam pus  
species can be extrem ely d ifficu lt to differentiate. The 
European Regulation, which entered into force in 1997,

lists Hippocampus spp. on Annex D. Until the ir inclusion 
in CITES Appendix II and thus corresponding up-lis ting to 
Annex B on 15 May 2004168, Hippocampus spp. w ill remain 
listed in Annex D.

In Australia, seahorses have been protected since 1 
January 1998169 as the ir populations are considered to be 
rare/and or threatened w ith overexploitation6. Export per
mits w ill be granted only for specimens that have been 
reared in approved captive breeding programmes, or taken 
from the w ild during an approved harvesting operation.

It is also im portant to rem em ber that once caught 
and placed in an aquarium  seahorses are notoriously 
d ifficu lt to keep, requiring a steady supply of varied live 
foods. Moreover, they are highly vulnerable to a num ber of 
fungal, parasitic and bacteria l infections. Even public 
aquaria, w ith access to vast resources and often highly 
competent and trained staff, adm it that these are among 
the most d ifficu lt fishes to m aintain in captivity.

Invertebrates
Giant clams, popular invertebrates in the aquarium  trade, 
occur in association w ith coral reefs throughout the 
trop ica l Indo-Pacific  region. These bivalve m olluscs 
obtain food in two ways: by filte ring  phytoplankton (sm all 
algae] from  the surround ing  w a te r and through 
zooxanthellae embedded in the ir mantle that are able, 
through photosynthesis, to produce nu trien ts , using 
sunlight. Giant clams are susceptible to over-harvesting 
due to the ease w ith  which they can be collected (they are 
sessile, live in shallow  w ate r to maximize use of sun light 
and can easily be spotted due to th e ir  co lou rfu l 
appearance], the ir late sexual m aturity (with size and age 
at m a tu rity  varying w ith  species and geograph ica l 
location], slow  growth, sporadic reproduction patterns 
and low natura l recru itm ent rates. Insuffic ient life history 
inform ation exists to identify conservation issues for the 
vast m ajority of more than 500 invertebrate species in 
trade.

Sex-selective fisheries
Males of many coral reef fish species tend to be preferred 
due to the ir distinctive coloration. Male mandarinfish, 
Synchiropus splendidus, for example, bear attractive dorsal 
fins and displays170. Male wrasses, such as the bird wrasse 
Gomphosus varius, and the sapphire devil Chrysiptera 
cyanea, are also often preferred to plain-looking females37. 
Such brightly coloured specimens are also likely to fetch 
higher prices on the market. Selectively harvesting for 
males of particular populations on a regular basis may lead 
to reproductive failure and ultim ately population collapse 
due to heavily biased sex ratios in remaining schools (i.e. 
reduced male biomass]171,172.
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M ale sea g o ld ¡e, P se u da n th ia s  sq ua m ip in n is .

SPECIES SUITABILITY 
Fishes
M ichae l131 gives each species of fish an aquarium  
su ita b ility  index rating from  1 to 5 (see box] giving an 
indication of tha t species' durab ility , hardiness, and/or 
adaptability  to captive conditions and food. Factors such 
as readiness to feed, d ietary breadth, competitiveness, 
tolerance of sudden changes and ab ility  to w ithstand 
less-than -idea l w a te r conditions have been taken into 
account when applying a rating. For example, a species 
typ ica lly loses one rating point on th is scale if live food 
is required.

Two of the most traded fish species (see Tables 4- 
6, pp 20-21], the m andarin fish and the bluestreak 
cleaner wrasse, have an aquarium  su itab ility  ranking of 
2, ind ica ting  tha t they do not acc lim atize  w e ll to 
aquarium  conditions. Two others, the powder blue tang

Michael's aquarium suitability index131

1. T h es e  s p e c ie s  a re  a lm o s t im p o ss ib le  to  k ee p  and  

s hou ld  be le ft on th e  reef.

2. M ost in d iv id u a ls  of th e s e  s p e c ie s  do not a c c lim a tiz e  

to  th e  h o m e  a q u a r iu m , o ften  re fu s in g  to  fe e d , and  

w a s te  a w a y  in captivity .

3. T h es e  s p e c ie s  a re  m o d e ra te ly  hardy, w ith  m ost 

in d iv id u a ls  a c c lim a tiz in g  to  th e  h o m e a q u a r iu m  if 

s p e c ie s  c are  is prov ided .

4. T h es e  s p e c ie s  a re  g e n e ra lly  d u ra b le  and hardy, w ith  

m ost in d iv id u a ls  a c c lim a tiz in g  to  th e  h o m e  a q u a r iu m .

5. T h e s e  s p e c ie s  a re  v e ry  h a rd y  w ith  a lm o s t a ll 

in d iv id u a ls  re a d ily  a c c lim a tiz in g  to  a q u a r iu m  confines.

Fem ale sea go ld ie , P se u da n th ia s  sq ua m ip in n is .

(Acanthurus leucosternon] and the palette surgeonfish 
(Paracanthurus hepatus], have an aquarium  su itab ility  
ranking of 3 indicating that they are relatively sensitive to 
aquarium  conditions. A ll o ther of the most frequently

Table 13: Top ten species of ornamental fish 
according to datasets derived for the United 
States, the EU and worldwide, and their suitability 
for aquaria according to criteria defined by Scott 
Michael and John Brandt

W h e re  la b e lle d  'n a ', no s u ita b il ity  code is a ss ig n e d  fo r  
th is  m a rin e  o rn a m e n ta l fis h  s p e c ie s  a cco rd in g  to  S co tt 
M ic h a e l a n d /o r  J o h n  B ra n d t. See box and tex t fo r  
e x p la n a tio n  o f codes.

Species Suitab ility Suitab ility
code code

(M ichael) (B randt)

A b u d e fd u f  spp. na na
A c a n th u ru s  leu c o s te rn o n 3 na
A m p h ip r io n  o c e lla r is 4 na
A m p h ip r io n  p e rc u la 4 na
C h ro m is  v irid is 4 na
C h rys ip te ra  cyanea 5 na
C h rys ip te ra  hem icyanea na na
C h rys ip te ra  p a ra se m a 5 na
D ascy llus  a lb is e lla na na
D ascy llus  a ru a n u s 5 na
D ascy llus  tr im a c u la tu s 5 na
L a b ro id e s  d im id ia tu s 2 B
N e m a te le o tr is  m a g n ifica 5 na
P a ra c a n th u ru s  h ep a tu s 3 na
P o m a c e n tru s  a u s tra lis na na
P se u da n th ia s  s q u a m ip in n is  4 na
S a la ria s  fa sc ia tu s 4 na
S y n ch iro p u s  sp le n d id u s 2 B
Z e b ra so m a  flavescens 4 na
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Table 14: Species classified as most unsuitable for maintenance in aquaria by Scott Michael and John Brandt

S pec ies ' n am es , q u a n tity  tra d e d  and m o s t fre q u e n t c o u n try  of o r ig in  a cco rd in g  to  e x p o rte rs ' and im p o r te rs ' da ta  in GMAD.

Species Suitability code 

(Brandt) (Michael)

Common name Quantity traded 

(exps’ data) (imps’ data)

Most frequent country of origin 

(exps’ data) (imps’ data)

H olacanthus arcuatus* A na B la c k -b a n d e d  a n g e l - 131 - U n kn o w n

Chaetodon austriacus A 1 B la c k ta il b u tte rf ly f is h 2 A8 S ri Lanka S audi A ra b ia

Chaetodon baronessa A 1 E a s te rn  tr ia n g u la r  

b u tte rf ly f is h

A50 1,318 Indones ia Ind ia n  Ocean

Chaetodon bennetti A 1 B lu e la s h e d  b u tte rf ly f is h 603 811 Indones ia Ind ia n  Ocean

Chaetodon capis tra tus na 1 Foureye b u tte rf ly f is h - 5,280 - C a rib b e a n

Chaetodon larvatus A 1 H ooded  b u tte rf ly f is h 50A 191 S audi A rab ia Yem en

Chaetodon lunu la tus A 1 R edfin  b u tte rf ly f is h 50 - S audi A rab ia -

Chaetodon m e lap te rus A na A ra b ia n  b u tte rf ly f is h 1A - B a h ra in -
Chaetodon m eyeri A 1 S c ra w le d  b u tte rf ly f is h A21 123 Indones ia Ind ia n  Ocean

Chaetodon octofasciatus A 1 E ig h tb a n d  b u tte rf ly f is h 2,025 A21 S o lom on  Is la n d s Ind ian  Ocean

Chaetodon orna tiss im us A 1 O rna te  b u tte rf ly f is h 6A8 1A9 P h ilip p in e s Indones ia

Chaetodon plebeius A 1 B lu e b lo tc h  b u tte rf ly f is h 233 1,712 F iji F ij i

Chaetodon re ticu la tus A na M a iled  b u tte rf ly f is h 232 A5 P h ilip p in e s Indian Ocean
Chaetodon specu lum A 1 M ir ro r  b u tte rf ly f is h 939 236 P h ilip p in e s Indian Ocean
Chaetodon triangu lum A na T r ia n g le  b u tte rf ly f is h 85 130 Indones ia Indonesia
Chaetodon trifasc ia tus A na M e lo n  b u tte rf ly f is h 863 87 A S ri Lanka F ij i

G inglym ostom a c irra tum na 1 N u rs e  s h a rk - 632 - South A m erica
Labro ides phth irophagus A 1 H a w a iia n  c le a n e r  w ra s s e - 5,338 - USA
A ll Labropsis  sp e c ie s A na T u b e lip s 9A 33 Indones ia Indonesia

(about 6 spec ies)

M yrichthys co lub rinus na 1 H a rle g u in  s n a k e -e e l 29A 2,532 P h ilip p in e s Indian Ocean
Orecto lobus m acula tus na 1 S p o tted  w o b b e g o n g - 23 - Unknown
Oxymonacanthus A 1 H a rle g u in  f lie fis h 1,393 15,731 P h ilip p in e s F iji

long iros tris

* A l s o  k n o w n  as  A p o l e m i c h t h y s  a r c u a t u s  o r  D e s m o h o l a c a n t h u s  a r c u a t u s  b e e  box p A3 a n d  tex t  f o r  e x p la n a t io n  of  c o d e s

traded fish species have been allocated su itab ility  ratings 
of e ither 4 o r 5. (See Table 13 on the previous page.]

John Brandt, an experienced aquarium  hobbyist, 
categorizes fish species according to two lists, which 
are dynamic and continually open to revisitation and 
revision*".

List A: These species have the most disappointing record 
of captive care. They are the tru ly  unsuitable species, 
dominated p rim arily  by obligatory feeders such as corat- 
eating butterftyfishes. In most cases aquarists regard 
these species as impossible to m aintain in captivity and 
many feet that they should not be collected for the 
aquarium  trade. In general, re la tive ly  few of these 
animats are collected, as demand is much tower than w ith 
o th e r species. There should be a lm ost un ive rsa l 
agreem ent among aquarists that these species do belong 
in this category, and not on List B.

An analysis including att species in GMAD and 
listed w ith  a su itab ility  code of 1 according to M ichael131 or

classed in lis t A by Brandt showed that the following 
species were traded the most: the harlequin fitefish 
(Oxymonacanthus Longirostris), Hawaiian cleaner wrasse 
(Labro ides phth irophagus), foureye bu tte rfly fish  
(Chaetodon capistratus!, harlequin snake-eet (Myrichthys 
colubrinus), btuebtotch bu tte rfly fish  (Chaetodon 
plebeius), eastern tr ian gu la r bu tte rfly fish  (Chaetodon 
baronessa), melon butterflyfish (Chaetodon trifasciatus), 
btuetashed bu tte rfly fish  (Chaetodon bennetti), nurse 
shark (Ginglymostoma cirratum ), eightband butterflyfish 
(Chaetodon octofasciatus) (see Table 14). A tt these 
species w ith the exception of Ginglymostoma c irra tum  
are d ifficu lt to keep in captivity due to the ir restricted 
diets. Nurse sharks are common in the aquarium  trade 
atthough, w ith a growth rate of approximately 19 cm a 
year in captivity, they w ilt a lm ost certainty outgrow att 
home aquaria131. Furtherm ore, they are highly predatory, 
often eating other organisms kept in the same tank131. 
M yrichthys colubrinus  is a very selective eater w h ils t the 
remaining species are obligate corrattivores, meaning
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The harlequin filefish, Oxymonacanthus lo n g iro s tr is

In 1998 an extensive bleaching event w as  observed in reef 

areas w o rldw ide . This event severely  im pacted the  fringing  

reefs  of Bise, off the northw est coast of Okinawa, Japan, 

w ith  m ost of the living coral dying and filam entou s  algae  

quickly covering the  dead corals. Of a ll species, acroporid  

corals seem ed  the m ost susceptib le  to b leach ing174,175. 

Am ong c o ra l-re e f fishes, the species th a t a re  m ost likely  

to be affected by coral d isturbances are ob ligate cora l- 

dw elling o r cora l-feed ing  species, including butterfly fishes  

(C haetodontidae)176. In response to the bleaching event,

Chaetodon trifasc iatu s  and C haetodon trifasc ia lis  showed  

s ign ificant declines in abundance. The s m a ll (m ax im um  9 

cm ) h arle q u in  file fis h , O xym onacan thus  lo n g iro s tr is , 

typ ically  inhabits sh a llo w  coral reefs  in the Indo-W est Pacific

and spends m ost of the  day feeding a lm ost en tire ly  on the
177

polyps of corals of the  genus A crop ora  . It lives in an 

exclusive and h etero sexual pair, w ith  the m ale  and fem a le  

sharing the  sam e te rr ito ry  to feed.

Growth rates  of adu lt Oxym onacanthus lo ng iro stris  

during coral bleaching w e re  sign ificantly  low er, and tagged  

h a rle q u in  file fis h  w e re  found to d isa p p ea r at ra te s  

sign ificantly  h igher than in previous years . In M arch 1999, no 

juvenile , young or adu lt fish of th is species w e re  observed  

at the  site . This species is known to exh ib it high site  

fid e lity 178, and abundance of Oxym onacanthus lo ng iro stris  

on surrounding reefs  w h ere  the bleaching event w as less  

severe  w as  low, so the  fish inhabiting this s ite  seem  to have 

died as a resu lt of b leaching. Considering this species’ diet, 

the  study c learly  indicates th a t the occurrence of healthy  

acroporid corals is essen tia l to the  survival of th is species in 

the  w ild . High collection rates of th is fish fo r the  aquarium  

trad e  in addition to the  h igher frequency of na tu ra l d isaster  

events such as bleaching observed in recent years  m ay  

genuinely  put at risk  local populations and drive stocks  

below  th e ir  c ritica l recovery level.

179
S ource: K okita  and N akazono

they feed exclusively on live coral polyps, a diet that 
cannot be duplicated in norm al aquarium  conditions.

List B: These species have a disappointing record of 
captive care. Very few individuals acclim atize to captivity 
o r thrive over time. When individuals can be maintained, 
the lifespan is usually reduced. Feeding and nutrition are 
the prim ary cause of d ifficu lties. Experienced aquarists or 
those using special techniques may have lim ited success 
w ith  these species. Overall, much more research should 
be conducted on these species to determ ine the best 
methods for proper husbandry, o r if any of these should 
be included on List A.

In general, there is a reduced demand for these 
anim als and so fewer are collected compared w ith  the 
more hardy species. Some aquarists would argue that a 
num ber of species on this lis t should not be included. 
These aquarists feei that there are enough documented 
cases of success to regard the species as being suitable. 
List B includes (as too extensive for fu ll inclusion in this

report): a ll seahorse and pipefish species, b ico lour 
ange lfish  Centropyge bico lour, keyhole ange lfish 
Centropyge tibicen, scribbled angelfish Chaetodontoplus 
duboulayi, bluespotted ribbonta il ray Taeniura lymma, 
bluestreak cleaner wrasse Labroides dim idiatus, Moorish 
idol Zanclus cornutus, a ll dragonets and a ll parrotfish 
species.

Corals
A lthough no au thorita tive  lis ts  s im ila r  to the ones 
produced for fish by John Brandt and Scott Michael are 
available for corals, general aquarium  suitability, toxicity 
(i.e. how strongly one coral species is likely to react to 
toxins from  another) and sensitiv ity  param eters are 
available from  The M odern Coral Reef A guarium 18°. 
Corals such as Acropora elseyi, Cynarina lacrim a lis  and 
Lobophyllia  h e m p rich ii rank highest in ease of 
m aintenance. Species of the genera Heliopora  and 
Goniopora, on the other hand, do not survive w e ll in 
aquarium  conditions. Goniopora  is one of the m ost
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abundant corals in trade, partly because these species 
survive poorly in captivity and so m ust be regularly 
replaced. Aquarists have reported that, in aquaria, these 
species usually deteriorate and eventually die w ith in  a 
period of three to six months. A regu lar feature of 
aquarium  specim ens is unexplained stunted growth. 
Corals are also easily damaged during cottection and are 
susceptible to disease74. Heliofungia  is one of the oldest 
species in the history of the corat trade181. Like Goniopora, 
Helio fungia  has a poor surviva l record in aquarium  
conditions as it is very sensitive, can easily be infected by 
bacteria, and colonies can quickly die due to changing 
ultravio le t (UV) tight conditions181.

Overall, m orta lity  rates of coral pieces in home 
aquaria are fa irly  high, w ith one study concluding that 
complete m orta lity  occurs after 18 m onths182 and others 
registering up to 76 per cent m orta lity  in hard corals kept 
in aquaria for more than 18 m onths183. Plerogyra  spp. and 
Catalaphyllia  spp. registered lowest m orta lity  rates, 54 
per cent and 60 per cent respectively, w h ils t Heliofungia  
spp. (100 per cent], Goniopora spp. (95 per cent] and 
Tubastrea spp. (100 per cent] registered the highest 
m o rta lities183. Nonetheless, species in these genera are 
com m only traded. (See Tables 7 and 8, pp 23-24.]

Recent advances in the maintenance of corals 
in aquaria, through improved and more affordable 
technologies, may lead to an increase in corat longevity in 
aquaria. Further im provem ents in corat husbandry 
techniques and the w ider dissemination of information on 
how to keep and maintain corat species (especially as more 
inform ation is available over the internet] should also 
m inim ize corat mortality.

Soft corals and sea fans
Most of the common traded species of soft corals such 
as Cladie lla, C lavularia, Cespitu laria , Lobophytum , 
Nephthea, Sarcophyton, S inu laria  and Xenia possess

zooxanthettae. They generally do not require plankton or 
special foods and thus are fa irly  easy to keep in aquaria. 
Described as hardy species, they are able to survive 
stress during collecting and shipping and to heat wounds 
as w e lt as regenerate tissue re la tive ly  fast. Once 
established they tend to grow quickly and are regularly 
observed to propagate asexuatty. Cutting off th e ir  
branches may even be necessary to prevent overgrowth in 
aquarium  conditions. T he ir s u ita b ility  as aquarium  
specimens may be related to the fact that they are more 
to lerant to fluctuations in w a te r quality (atthough many 
soft corat species w ilt not tolerate sa lin ity levels of less 
than 30%o181] than other species of cora ls64. Notable 
exceptions to this are the more sensitive species Anthelia  
spp., Cespitularia  spp. and Xenia spp., which do not fare 
w e lt a fter fragm entation, are vulnerable to transport and

181 184sudden changes in aquarium  conditions ’ . Never
theless, they grow fast once established.

Unfortunately, most of the more colourfu l and 
beautiful soft corals do not contain zooxanthettae (i.e. they 
are non-photosynthetic], Azooxanthettate soft corals, for 
example Dendronephthya spp. (one of the ten most traded 
soft corals, see box p 25] and Studeriotes spp., cannot 
easily be propagated and are extrem ely d ifficu lt 
to maintain in aquaria as they are entirety dependent 
on filtering particles and absorbing dissolved nutrients 
from  the w ate r colum n64,181,184. Due to these dietary 
requirements, these species usually die w ith in a few weeks 
under aquarium conditions. Scientists and experts in the 
aquarium industry strongly recommend that people do not 
collect or keep azooxanthettate soft corals in captivity, 
unless they are the subject of scientific research185.

Azooxanthettate sea fans such as Ctenocella  spp., 
Echinogorgia spp., Ellise lla  spp., Euplexaura  spp. and 
Lophogorgia spp. are jus t as d ifficu lt to maintain. They 
attract aquarists' in terest due to the ir bright red o r yellow 
colour, but show poor survival rates in captivity. On the 
other hand, zooxanthettate species such as Gorgonia 
spp., Pseudopterogorgia  spp. and Rum phella  spp., often 
brown to ye llow ish  brown, are fast grow ing, th e ir 
maintenance in aquaria is fa irly  stra ightforw ard and they 
can be easily fragm ented for propagation purposes.

POST-HARVESTING MORTALITY
There are many factors that lead to post-harvesting 
mortality, such as physical damage and use of chemicals 
during cottection, poor handling practice and disease. 
Even when collected in an environm entally sound manner, 
aquarium organisms often suffer from  poor handling and 
transport practices resulting in stress and poor health of 
marine individuals30. Accurate figures of post-harvesting 
m orta lity are not available due to the sensitivity of such
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information. However, research on the marine ornamentat 
trade between Sri Lanka and the United Kingdom 
demonstrates that in the mid-1980s about 15 per cent of 
fish died during and immediately a fter cottection, another 
10 per cent died during transit and a fu rthe r 5 per cent in 
holding fac ilities20. S im itar levels of m orta lity of 10-20 per 
cent were found in a study examining the Puerto Rican 
trade186. As a result of such m ortality, more fish often need 
to be collected than would be necessary to harvest in order 
to meet m arket demand32. Where organisms are collected, 
stored and handled by adequately trained individuals, and 
transported in suitable conditions, estimated levels of fish 
m o rta lity  have been as tow as a few per cent. 
Atthough post-harvest m orta lity  levels are generally tower 
for corats than they are for fish, more five rock and corat 
fragm ents are often collected than would be needed to 
satis fy  trade demand as o rig ina lly  harvested pieces 
are often considered of inadequate size, shape or colour 
and discarded.

S ta te -o f-th e -a rt equipm ent may help reduce 
tosses, but it is also expensive and thus beyond the budget 
of many wholesalers in source countries. Fortunately, this 
trend is reversing w ith an increasing num ber of facilities 
in source nations investing in h igh-tech equipm ent, 
pa rticu la rly  UV lighting systems and protein skim m ers.

INVASIVE SPECIES
The introduction of aquarium  fish species to areas where 
they do not occur naturally is a problem more acute for 
freshw ater species than fo r m arine species. Reports have 
indicated that a num ber of individuals of the species 
Pterois volitans, tionfish (marine fish native to the Indo- 
Pacific region], have been observed on four wrecks and 
one natura l hard bottom off the coast of North Carolina at 
depth ranges between 40 and 45 m during 2000 and 
2001187. Some individuals were also observed off the 
A tlan tic  coast of Georgia during 2001187. Previous reports

Y e llo w  ta n g , Zebrasoma flavescens.

include six tionfish accidentally released in Biscayne Bay, 
Florida, from  a home aquarium  during Hurricane Andrew 
(1992] and diver reports of tionfish off Palm Beach and 
Boca Raton, F lorida, in the early  1990s187. The US 
Geological Survey (USGSl invasive species database lists 
fish species (h ttp ://nas.e r.usgs.gov/fishes/index.h tm tl 
tha t have been in troduced into US w a te rs  through 
in tentional and accidental stocking, release of bait fish, 
release of unwanted aquarium  fish, escape from  aqua
cu ltu re  fac ilit ie s  and discharge of ba llas t w a te r188. 
Examples of species introduced through the potential 
release of unwanted aquarium  fish include Moorish idol 
(Zanclus cornutus), saitfin tang (Zebrasoma desjardinii), 
yellow  tang (Zebrasoma flavescens), bursa triggerfish 
(R hinecanthus verrucosus), racoon bu tte rfly fish  
(Chaetodon lunula), orbicutate batfish (Platax orb icu
laris), im perator angelfish (Pomacanthus im pera to r) in 
Florida and temonpeet angelfish (Centropyge flavissimus) 
in Kaneohe Bay, Hawaii.

USER CONFLICT
One of the most vocal com plaints against the aquarium  
trade has been that it reduces fish populations in areas 
where tourism  is thriv ing and constitutes an im portant 
source of revenue. This has been an issue of particu lar 
concern in Austratia and Hawaii30 and more recently in 
Fiji35. In popular Austra lian touris t areas such as Cairns, 
Moreton Bay and Whitsunday tourists and recreational 
divers often in teract w ith fish and corat collectors41. A fte r 
a study was carried out in Hawaii showing a significant 
reduction in several species of fish due to cottection 
fo r the m arine aquarium  trade, fish ing  of m arine 
ornam entals was banned along 30 per cent of the west 
coast of the island of Hawaii123.

In some Pacific Istands local fishers have also 
expressed concern at the aquarium  fishe ry  being 
unwanted com petition for food fish33.
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e f f o r t s

A  h e a lth y  re e f  o f f  N u s a  P e n id a , In d o n e s ia .

Marine ornamental fisheries need to be managed 
in such a way that they are biologically 
sustainable, do not conflict with other resource 

uses and keep post-harvest mortalities to a minimum. 
Biologically sustainable means that harvested species 
need to be replenished in their natural habitat at the 
same or a greater rate than they are collected6. At the 
same time, it is important to ensure that habitat damage 
as w ell as impacts to other species are minimized. 
Fisheries must also check that species unsuited to life in 
aquaria are not collected. From a socio-economic point of 
view, trade needs to be equitable and resource conflicts 
between users (especially with members of the tourism  
industry) need to be minimized.

The establishm ent of marine reserves where the 
collection of marine ornam entals is made illegal may help 
reduce this conflict, w h ils t at the same time removing a 
section of the fish population from  explo itation and 
boosting recru itm ent to adjacent areas. Other measures 
that can be taken to contro l collection pressure on marine 
resources w h ils t conserving stocks of ornam ental species 
to ensure future sustainable harvests include the setting 
of quotas and size lim its, and restricting access to the 
ornam ental fishery through, fo r example, the use of 
perm its.

Governments and the industry  itse lf play an 
im portant role in supporting conservation initiatives and 
promoting best practice. However, the consum er can also 
encourage and promote change in the trade. Third-party 
certification of the trade, whereby the consumer is em 
powered to assist in the reduction of the environmental 
impacts of the trade by selectively purchasing products 
produced in an environm entally friendly manner, has been 
recommended by many as a possib ility fo r improved 
management and m onitoring of the trade.

In conjunction w ith efforts at local and govern
m ental levels to develop management plans guaranteeing 
the sustainable collection of marine ornam entals from 
the wild, pressure can be taken off w ild populations by

supplying the trade w ith  tank-bred rather than w ild - 
caught specimens.

MARINE AQUARIUM COUNCIL AND CERTIFICATION
MACXIX, on behalf of hobbyists, the industry and various 
env ironm en ta l groups, is developing a ce rtifica tion  
scheme tha t w ill track an an im al from  co llec to r to 
hobbyist. Established in 1996, the goals of MAC are to 
develop standards for quality products and sustainable 
practices and a system to certify compliance w ith  these 
standards, and to create consum er demand fo r certified 
products. W ith a network of 2,600 stakeholders in more 
than 60 countries, it is recognized as the lead organization 
for developing and coordinating efforts to ensure that the 
in ternationa l trade in ornam ental marine organism s is 
susta inable. MAC certifica tion  covers both practices 
(industry operators, facilities and collection areas] and 
products (aquarium organisms], and is often lauded as 
the most effective means to ensure m arket demand and 
support fo r quality products and sustainable practices in 
the industry30.

Industry operators at any link in the chain of 
custody (collectors, wholesalers, exporters, im porters, 
re ta ile rs] can be certified through an evaluation for 
compliance w ith the appropriate MAC standard for the 
Certification of Practices. For the Certification of Products, 
MAC-certified marine ornamentals must be harvested 
from a certified collection area and pass from  one certified 
operation to another, fo r example, from  co llecto r to 
exporter to im porter to retailer. MAC-certified marine 
organisms bear the 'MAC-certified' label on the tanks and 
boxes in which they are kept and shipped. To ensure that 
MAC certification is credible and internationally acceptable, 
MAC does not verify compliance w ith its own standards. It 
accredits independent th ird -party certification companies 
(Accredited Certifiers], which in turn assess compliance 
w ith the appropriate MAC standard.

The MAC Core Standards outline the requirem ents 
for th ird -pa rty  certifica tion of quality and susta inability  in
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The SMART project

Th e  South Pacific  F o ru m  S e c re ta ria t, to g e th e rw ith  th e  

M a rin e  A q u a riu m  C ouncil, has s ta rte d  a p ro g ra m m e  to  

im p le m e n t m a rin e  o rn a m e n ta ls  certifica tio n  w ith in  

th e  Sou th  P acific  R egion. It w i ll focus p r im a rily  on th e  

is lands  of Fiji, th e  C ook Is land s  and th e  S o lom on  

Is land s  and w ill ad d re s s  th e  nega tive  im pacts  th e  

o rn a m e n ta ls  in dus try  p re se n tly  has o r  m ay  have. It w ill 

a lso  in tro duce  m a rk e t-d r iv e n  th ird -p a rty  certifica tio n  

fo r  e s ta b lis h e d  o p e ra to rs  to  e n s u re  s u s ta in a b le  

d eve lo p m en t of th e  in d u s try  w h ils t m ain ta in in g  ree f  

ecosystem  h e a lth . Th e  p ro g ra m m e  is to  be im p le 

m en ted  using a tw o -s te p  process w h e re b y  natio na l 

c o nsu lta tions  and w o rk s h o p s  w ill be conducted firs t  

and p rofiles  of local in dus try  p a rtn e rs  d erived . R ecent 

fu n d in g  fro m  th e  EU to w a rd s  th e  S u s ta in a b le  

M a n a g e m e n t of A q u a riu m  R ee f T ra d e  (SM A RT) P ro ject 

w ill he lp  build  on th e s e  e ffo rts  and extend  th e  n u m b e r  

of c o u n tries  ta rg e te d  to  a lso  in clude  K ir ib a ti, V anuatu , 

F e d e ra te d  S ta te s  of M ic ro n e s ia , M a rs h a ll Is land s , 

P a lau , Tonga and S am o a.

T h e  tw o -y e a r  in itia tiv e  s ee k s  to  a lle v ia te  poverty  

in P ac ific  S m a ll Is land  D eveloping S ta te s  by involving  

co a s ta l c o m m u n itie s  in th e  M A C -c e rtif ie d  m a r in e  

a q u a r iu m  tra d e , th u s  e n ab lin g  c o m m u n ities  to  engage  

in e co n o m ic a lly  v ia b le  e n te rp r is e s  w h ils t s u s ta in a b ly  

m an ag ing  th e ir  c o ra l re e f resou rces . F u rth e rm o re , it 

w ill  d is s e m in a te  to o ls  in e co sys tem  m a n a g e m e n t  

p lan n in g , s u s ta in a b le  co llec tio n  of a q u a r iu m  products  

a nd  m a r k e t  lin k a g e s  to  c o m m u n it ie s  w ith in  th e  

a d d e d -v a lu e  c o n te x t of M AC c e r t if ic a t io n . T h e s e  

a c tiv itie s  w i l l  im p le m e n t th e  B arb ad o s  P ro g ra m m e  of 

A ction  fo r  S m a ll Is la n d  D eve lo p ing  S ta te s , w h ich  

h ig h lig h ts  th e  need fo r  in te rn a tio n a l coop era tion  and  

p a rtn e rs h ip  in e ffo rts  m ad e  by S m a ll Is land  D eve lo p 

ing S ta te s  to  c o n serve , p ro te c t and re s to re  th e ir  

eco system s.

Source: Lo ve ll45 and S c o tt189

the marine aquarium  industry from  reef to retail. There 
are three MAC Core Standards covering the 'reef to retail' 
supply chain.
□  The Ecosystem and Fishery Management (EFM) Core 

Standard: addresses ¡n-s¡tu  habitat, stock and species 
management and conservation by verifying that the 
collection area is managed according to princip les that 
ensure ecosystem health and the sustainable use of 
the marine aquarium  fishery.

□  The Collection, Fishing and Holding (CFH) Core 
Standard: addresses harvesting of fish, coral, live rock 
and o ther coral reef organisms, handling p rio r to 
export, holding, plus packaging and transport, to 
ensure the health of the collection area, sustainable 
use of the marine aquarium  fishery and optim al health 
of the harvested organisms.

□  The H a ndli ng , Elusbandry and T ransport Core 
Standard: addresses the handling of m arine life form s 
during export, im port and re ta il to ensure the ir optim al 
health, the ir segregation from  uncertified organisms 
and proper documentation to show that they pass only 
from  one MAC-certified industry operator to another.

The Core Standards are accompanied by Best Practice 
Guidance docum ents tha t provide advice to industry 
operators on how they m ight be able to comply w ith  the 
standards.

This program m e is not w ith o u t cost to 
partic ipating companies, which in itia lly  w ill have to pay 
fees to an independent certification authority as w e ll as to 
MAC. In the future, MAC certification hopes to develop into 
a la rge ly  se lf-financed  system , based on sup e rio r 
economic returns from  certified m arine ornam entals 
through the industry 's  as w e ll as the consum er's 
w illingness to pay a prem ium  for m arine organisms of 
dem onstrable quality30. A lis t of companies that are 
seeking to be certified or already se ll certified marine 
organism s is available from: www.aquarium council.org 

A nother im portan t aspect of th is certifica tion  
program me is the establishm ent of a m onitoring system 
w ith in  collection areas to ensure early detection of any 
changes to fish populations resu lting from  collection for 
the trade. ReefCheck, a non-pro fit com m unity-based 
cora l reef education and m on ito ring  organization, 
developed this m onitoring system, entitled the Marine 
A quarium  Trade Coral Reef M onitoring Protocol 
(MAQTRAC), in conjunction w ith  MAC. MAQTRAC was 
tested in the field in the Philippines, Indonesia, Fiji, 
Hawaii and the Maldives from  sum m er 2001 through 
spring 2002.

MARICULTURE
One way to reduce the pressure on coral reef ecosystems 
brought about by an increasing demand for m arine 
ornam entals is to improve and fu rthe r develop the ab ility 
to culture desirable organism s for trade190.

Corals
M ariculture can be an environm entally sound way to 
increase the supply of hard and soft corals, and has 
proved successful fo r a large num ber of species. In light
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F in g e r  le a th e r /c a b b a g e  c o ra l,  Lobophytum  s p p

of this, coral aquaculture is increasingly mentioned as a 
prio rity  solution for reducing the harvest pressures on 
coral reefs190. An additional advantage is that cultured 
coral is acknowledged as adapting better to aquarium  
conditions than w ild-caught co ra l191.

To date, based on CITES im porters ' data (1997- 
2001], 99 per cent of the to ta l global trade in live corals 
originates from  'w ild ' sources and only 0.3 per cent is 
captive bred/ranched, w ith  China (42 per cent], Indonesia 
(25 per cent], Taiwan (10 per cent], the M arshall Islands 
(5 per cent], the Solomon Islands (4 per cent], Nicaragua 
(2 per cent], Tonga, the United States and Micronesia 
accounting for 99 per cent of to ta l non-w ild exports.

The aquaculture of corals, both soft and stony, 
refers to coral propagation by fragm enting a large colony 
(m other colony] into sm a lle r pieces, or pruning the tips 
of la rge r colonies, and subsequently  attach ing the 
fragm ents to a new substrate using superglue or sus
pending them in w ater on a nylon line. These fragm ents 
are then le ft to grow in holding tanks or placed back into 
the sea un til they have reached a marketable size. Most 
branching corals, fo r example, can be easily propagated 
from  sm all tr im m ings clipped from  a parent colony and 
achieve, in about a year, a five- to ten-fo ld increase in 
biomass. Soft coral fragm ents can grow to a marketable 
size w ith in  four to twelve m onths184 and stony corals (e.g. 
Acropora  spp.] w ith in  four to six m onths192. Pacific Farms, 
a company based in Los Angeles, and w ith  stations in Fiji 
and Tonga, is one of the largest in the coral m aricu lture 
business w ith a team capable of fragm enting and planting 
1,500 new corals a day193.

More than 75 species of coral can be captive bred, 
but only fast-grow ing corals appear to be economically 
profitable74. Hence propagation in species of stony coral 
is m ain ly  targeted at the fast grow ing branching 
species such as Acropora, Pocittopora, Seriatopora  and 
Stylophora^91' . Unfortunately, most of the popular species 
in trade such as Blastomussa, Plerogyra, Trachyphyllia 
and Goniopora are slow growing, have litt le  presently 
known about the ir life histories and characteristics and so 
are d ifficu lt to propagate.

Soft cora ls such as Clavularia, Sarcophyton, 
Lobophytum, S inularia , A lcyonium  and Cladie lla  are 
suitable for aquarium  propagation, due to the ir ab ility to 
heal wounds and regenerate tissue rapidly. The most 
commonly used practice fo r soft coral propagation is to 
s im ply remove, underwater, a piece of tissue from  the 
parent colony using sharp scissors or a scalpel. Freshly 
cut specimens should be le ft exposed to fresh seawater 
motion or dipped in fine sand, for one o r two weeks. They 
can subsequently be tied o r glued to appropria te  
substrate and harvested w ith in  four to twelve months. 
Cladiella  spp. and o ther azooxanthettate species that are 
sensitive to fragm entation are a lm ost im possible to

. 64 ,184propagate
When setting up coral farms, besides investigating 

which species are most suitable for propagation, the cost 
effectiveness of such enterprises needs to be explored 195. 
A study of the economic v iability of a com munity-based 
coral farm  situated on an Indo-Pacific Island dem on
strated that even after ten years of operation the facility 
would remain in debt190. The main reasons included high 
sta rt-up  costs, high operating costs and fa irly  low returns 
in comparison w ith  w ild-caught products. This may be 
true of newly set-up farm ing operations. On the other 
hand, should established exporters develop farm ing as a 
side activity, costs would be greatly reduced, as they 
would only have to bear the expense of the equipm ent in 
the grow-out facilities and labour costs. W ith tim e it is 
then expected that cultured corals would become the 
main source of exports. Non-governm ental organizations 
are likely to play an im portant role in encouraging and 
securing potentia l in itia l funding (with governments and 
foreign aid as the most probable source] to k ick-s ta rt 
farm ing activities and provide local com m unity m embers 
w ith the required training.

An example of a successful coral m aricu lture 
in itiative comes from  the Solomon Islands where a group 
of 25 women have been growing about 12 d ifferent 
species of hard corals and a few species of soft corals. 
Sm all nubbings of live coral are attached to concrete 
discs, placed in trays and le ft to grow in carefu lly chosen 
sites for four to six m onths un til the fragm ents have
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reached a marketable size. By providing the country's 
main exporting company w ith  a regular supply of cultured 
pieces this sm a ll group of women is earning a regular

192income

Fish
In recent years there has been an increased focus on 
supply ing aquarium  fishes through closed system  
cu ltu rin g . A lthough to date v ir tu a lly  a ll m arine 
ornam enta ls  are w ild  caught (breeding and rearing 
m arine species only accounts for 1 to 2 per cent of the 
trade at present] and efforts to develop captive cultivation 
have been lim ited, there is increasing pressure to develop 
reliable and sustainable hatchery procedures for the 
captive breeding of many reef fish species.

Although not exhaustive, Table 15 lists some of 
the main species fo r which breeding and farm ing has 
been mastered, some of those for which production and 
m arketing are presenting d ifficu lties, and some of those 
which have not yet been bred and reared but fo r which 
research projects have been developed1“

Aquaculture can be an environm entally sound 
way to increase the supply of such organisms, by helping 
reduce pressure on w ild fish populations and producing

juvenile and m arket-size fish of a wide variety of species 
year round. Furtherm ore, rearing aquarium  fish in closed 
systems is likely to lead to the production of hardier 
species, w h ich fare be tte r in captiv ity and survive

21 4-7 196longer ’ ’ .To  date it has proved successful for a few 
fish species197. It is hoped that much of the m arket 
demand fo r the more popular ornam entals such as 
clownfish, yellow  tangs and angelfish may eventually be 
satisfied by cultured fish, once culture technologies have 
been established successfu lly198. However, in reality, 
m ost m arine ornam enta l aquaculture rem ains com 
paratively problematic, both from  a technical and a socio
economic point of view199. A ttem pts at closing life cycles, 
i.e. spawning, rearing and mating, repeatedly in closed 
systems have proved technically challenging fo r most 
species (except for species w ith in  the Pomacentridae 
fam ily200, as fo r example Am phiprion  spp.l and existing 
m aricu lture projects have been developed on a relatively 
sm a ll scale37. Blennies, gobies and members of the 
Pom acentridae fam ily  are re la tive ly  easy to rear in 
captivity as they attach or deposit the ir eggs on or in 
various substrates and, for species such as the clownfish, 
can be conditioned to spawn vo lun ta rily  by manipulation 
of day length and w ate r tem perature201. Most other fish

Table 15: Main species bred for the marine aquarium trade

1 = c o m m e rc ia lly  a va ila b le ; 2 = p ro d u c tio n  and  m a rk e t in g  d if f ic u lt ;  3 = s u b je c t o f re sea rch

A m b ly e le o tr is  ra n d a lli  1
A m b ly g o b iu s  p h a la e n a  1
A m b ly g o b iu s  ra in fo rd i  1
A m p h ip r io n  a k a llo p is o s  1
A m p h ip r io n  a k in d y n o s  1
A m p h ip r io n  a lla rd i  1
A m p h ip r io n  b ia c u le a tu s  1
A m p h ip r io n  c la r k i i  1
A m p h ip r io n  e p h ip p iu m  1
A m p h ip r io n  fre n a tu s  1
A m p h ip r io n  m e la n o p u s  1
A m p h ip r io n  o c e lla r is  1
A m p h ip r io n  p e rc u la  1
A m p h ip r io n  p e r id e ra io n  1
A m p h ip r io n  p o ly m n u s  1
A m p h ip r io n  ru b ro c in c tu s  1
A m p h ip r io n  s a n d a ra c in o s  1
C ypho p u rp u ra s c e n s  1
D a s c y llu s  t r im a c u la tu s  1
D o ry rh a m p h u s  e x c is u s  e x c isu s  1 
E la c a tin u s  p u n c t ic u la tu s  1
G ob iodon  c it r in u s  1
G ob iodon  o k in a w a e  1

99  A7
s o u r c e :  O l i v e r1" ; O qa w a  ar id B r o w n  ; Ocea

c a 7
C e n t re  " ; a nd  da ta  ta k e n  f r o m  G MAD

G o b io so m a  evelynae  
G o b io so m a  lo u isa e  
G o b io so m a  m u lt ifa s c ia tu m  
G o b io so m a  o cea n o ps  
G o b io so m a  ra n d a lli  
L y th ry p n u s  d a ll i 
H ip p o c a m p u s  b a rb o u r i  
P s e u d o c h ro m is  a ld a b ra e n s is  
P s e u d o c h ro m is  d u to it i 
P s e u d o c h ro m is  fla v iv e rte x  
P s e u d o c h ro m is  fr id m a n i  
P s e u d o c h ro m is  s a n k e y i 
P s e u d o c h ro m is  s p le n d e n s

P s e u d o c h ro m is  s te e r i i  1
P te ra p o g o n  k a u d e rn i  1
A m p h ip r io n  b ic in c tu s  2
A m p h ip r io n  c h ry s o p te ru s  2
A m p h ip r io n  p o ly m n u s  2
G o b io so m a  x a n th ip ro ra  2
A b id e fd u f a b d o m n ia lis  3
A n is o tre m u s  v irg in ic u s  3
A p o g o n  spp . 3
B o d ia n u s  ru fu s  3

R e e fs  a n d  A q u a r i u m s  06 T ro p ic a l  M a r in e

C a llo p le s io p s  a lt iv e l is  3
C e n tro p yg e  p o t te r i  3
C ha e to d on  lu n u la  3
C ha e to d on  m ilia r is  3
C h ro m is  cyanea  3
C h ry s ip te ra  p a ra s e m a *  3
D a s c y llu s  a lb is e lla  3
D a s c y llu s  a ru a n u s  3
D iodon  spp . 3
E g u e tu s  a c u m in a tu s  3
E g u e tu s  la n c e o la tu s  3
E g u e tu s  p u n c ta tu s  3
F o rc ip ig e r  f la v is s im u s  3
G ra m m a  lo re to  3
H ip p o c a m p u s  e re c tu s  3
H y p o p le c tru s  u n ic o lo r  3
H ypsypops  ru b ic u n d u s  3
M ic ro s p a th o d o n  c h ry s u ru s  3
O p is to g n a th u s  a u r if ro n s  3
P o m a c a n th u s  a rc u a tu s  3
P o m a c a n th u s  p a ru  3
S y n c h iro p u s  s p le n d id u s  3
Z e b ra s o m a  fla v e s c e n s  3

S u c c e s s f u l l y  re a re d  v e ry  r e c e n t l y

51



From ocean to aquarium

species such as angelfishes and bu tte rfly fishes are 
known as broadcast spawners, i.e. they spread the ir eggs 
freety in the w ate r cotumn, and are therefore more 
d ifficu tt to cutture in captivity; they atso usuatty require 
hormone treatm ent to induce spawning. To date, the 
greatest obstacte to successfut tank breeding of orna- 
mentat reef fish is rearing tarvae beyond the sixth to 
eighth day of devetopment, a tim e typicatty associated 
w ith  faiture to in itia te tarvat feeding47. This is often due to 
tarvat feeds being too targe or not meeting the nutritionat 
requirem ents of fish tarvae. Once the tarvae transform  
into sm att juvenites, they are weaned onto sem i-naturat 
diets and various prepared rations and can be transported 
and sotd201. Beside technicat chattenges, the high price 
commanded by some cuttured aquarium  fishes compared 
to those w itd caught often underm ines the ir economic 
viab ility37.

The increasing use of m aricutture to supply corat, 
o ther invertebrates and fish to the marine ornam entat 
trade raises its own suite of issues. Firstty, should rearing 
facilities be established mainly in developed countries, as 
the trend so fa r seems to indicate1™. Relations between 
the d ifferent players involved in the marine ornam entat 
trade may be altered, possibly depriving local fishers of 
em ployment and losing the com m unity- and national-

203 204level benefits the trade provided ’ . This would be
contrary to the firs t artic le  of the Convention on Biological 
Diversity ratified by 170 countries205 (but not the United 
States], the objectives of which are: 'the conservation 
of biological diversity, the sustainable use of its com 
ponents and the fa ir and equitable sharing of the benefits 
a ris ing  out of the u tiliza tion  of genetic resources, 
including by appropriate access to genetic resources and 
by appropriate transfer of relevant technologies, taking 
into account alt rights over these resources and to 
technologies, by appropriate funding.' Devetopment of 
facilities in source countries has the potentia l to raise the 
standards among ru ra l com m unities and provide income 
opportunities for a great num ber of households due to its 
ab ility to generate considerable income per unit area, 
w ith  high export earn ings5. Furtherm ore, setting up 
hatcheries in source countries would aiso reduce the risk 
associated w ith  escapes and, by extension, the risk of 
introducing exotic species.

A relatively recent type of m aricutture whereby
206 207fish tarvae are captured via means of tight traps ’ or 

crest nets (shaped tike funnels and placed on the reef 
edges] has been raising much interest. Not only would 
it provide local com m unities w ith the benefit of such 
activ ities and /o r provide them  w ith  an a lte rna tive

Captive breeding of seahorses

In lig h t of exp ressed  concerns  of overexp lo ita tio n  of 

s ea h o rse  po pulations, th e  possib ilities  fo r  captive b re ed 

ing a re  of g re a t in tere s t and a n u m b e r of captive breeding  

projects  have been s et up around th e  w o rld . Th e  S eahorse  

T ru s t202 rep o rts  th a t it has bred 18 species of seah orse  

w ith  vary ing leve ls  of success; fo r  e xam p le , it has bred six  

g en era tio n s  of H ipp ocam pu s  cap ensis  w ith  a 90 p e r  cent 

success ra te , com pared  to only tw o  H. com es  (p ictured) 

out of m any broods. In add ition , th e  T rop ical M a rin e  C en tre  

in th e  U nited K ingdom  has captive breed ing  fac ilities  and  

breeds  seah orses , e .g. H. barbou ri. H ow ever, it is only if 

a q u a c u ltu re  is developed as  an a lte rn a tiv e  livelihood fo r  

f is h e rs  in source  coun tries  th a t it can be h igh ligh ted  as  

having g re a t po ten tia l fo r  in teg ra tin g  conservation and  

susta inab le  d eve lopm ent ob jectives167. R esu lts  of a recent 

protocol developed fo r  c u ltu rin g  H. kuda, one of th e  m ost 

heavily  exp lo ited  spec ies  fo r  th e  a q u a riu m  tra d e , in the  

source coun tries  a re  encourag in g . They  ind icate  th a t H. 

kuda  grow s rap id ly  fro m  birth  to 14 w e e k s  and show ed  

highest su rv ival ra te s  w h en  fed A rte m ia  (b rin e  s h rim p , a 

c om m o nly  ava ilab le  feed fo r  a q u a riu m  fish) en riched  w ith  

a loca lly  ava ila b le  c ru stacean , A ce te s  s p p .167.
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Cleaner shrimps

In GM AD eight spec ies  u n d e r th e  genus L ysm ata  and  

fo u r  species u n d e r th e  genus S tenop us w e re  iden tified  as  

being tra d e d  as  m a r in e  o rn a m e n ta ls : L. d e b e liu s  

(f ire /b lo o d /s c a rle t c le a n e r  s h rim p ), L. g ra b h a m i  (A tlan tic  

w h ite -s tr ip e d  c le a n e r  s h r im p ), L. a m b o in e n s is  (In d o -  

Pacific  w h ite -s tr ip e d  c le a n e r  s h rim p ), L. w u rd e m a n n i 

(p e p p e rm in t s h r im p ), L. in te rm e d ia , L. m u ltic iss a , L. 

ra th b u n a e  (p e p p erm in t sh rim p ), L. ca lifo rn ica  (p e p p er

m in t/re d  rock s h rim p ), S. cyanoscelis  (go lden banded  

s h rim p ), S. h isp idus  (y e llo w -b a n d e d  co ra l s h r im p ), S. 

te n u iro s tr is  (b lu e -b a n d e d  c o ra l s h r im p ) and  S. 

za n z ib aric u s  (go ld -ban ded  cora l sh rim p ). They  a re  hardy  

species and th e ir  m ain ten an ce  as a d u lts  in a q u a ria  is fa ir ly  

s tra ig h tfo rw a rd , a ltho ugh  th e y  a re  sensitive  to sudden  

changes  in a q u a r iu m  cond itio ns . T h es e  s p ec ies  feed  

m a in ly  on p a ra s ite s  and  d ise a s ed  s k in , h ence  th e ir  

com m on nam e ‘c le a n e r  s h r im p ’, as  w e ll as  any  m issed  

food item s, a benefic ia l function to a q u a ria  as  it re lieves  

p re ss u re  on f il t ra t io n  s y s te m s 212. A lth o u g h  s u ite d  to  

m ain ten an ce  in a q u a riu m  captiv ity  and of benefit to  th e  

hea lth  of fish m ain ta ined  in a ta n k , th e ir  rem o va l fro m  

coral ree fs  m ay  lead  to  a reduction  in re e f d ivers ity  

because of th e ir  n a tu ra l ecosystem  ro le  of rem oving  

paras ites  fro m  ree f fishes  and a n im a ls . H ow ever, in recent 

yea rs  e ffo rts  have been m ad e  to develop a q u a c u ltu re  

pro to co ls  fo r  m a r in e  o rn a m e n ta l s h r im p s , e sp e c ia lly  

s p e c ie s  of L y s m a ta  (c le a n e r  s h r im p ) and  S te n o p u s  

(band ed  c o ra l s h r im p ) to  red u c e  w ild  s p e c im e n  

co llec tio n213. M any com panies  have c o m m e rc ia lly  raised

th e  p e p p e rm in t s h r im p  L. w u rd e m a n n i, and  re a r in g  

protocols fo r  it and o th e r  re la te d  species, including L. 

debelius , a re  a v a ila b le 214 216. The la rg e s t b o ttle n e ck  fo r  

c o m m e rc ia l production is th e ir  re la tive ly  long and v ariab le  

la rv a l d u ra tio n s 217. Th us , m ost res e a rc h  e ffo rts  have  

focused on identify ing a p p ro p ria te  broodstock and la rv a l 

d ie ts  to  red u c e  la rv a l d u ra tio n s  and  in c re a s e  th e  

a q u a c u ltu re  po ten tia l fo r  these  spec ies, w h ich  a re  am ong  

th e  m ost p o p u la r in v e rte b ra te s  in th e  m arin e  a q u a riu m  

tra d e 217. Due to th e s e  constra in ts , th e  vast m a jo rity  of 

trad ed  s p ec im en s  a re  s till being collected fro m  th e  w ild . 

LeRoy C re s w e ll, of th e  H a rb o r  B ranch O ceanographic  

Institu tion , and Junda Lin, F lo rida  In stitu te  of Technology, 

have set up a p riva te  com pany O ceans, R eefs, and A quaria  

Inc., w h ich  is c o m m e rc ia lly  producing, and m a rk e tin g , 

p e p p erm in t s h rim p  as  ta n k -re a re d  o rn a m e n ta ls 218. They  

a re  a lso  engaged in pilot production of th e  go ld -b an ded  

coral s h rim p . In th e  U nited K ingdom , th e  p r im a ry  p rod ucer  

of captive  raised  in ve rte b ra te s  is th e  Trop ical M a rin e  

C en tre , w h ich  is active ly  breed ing L. debe lius , L. a m b o 

inensis  and L. califo rn ica.

The m ain  im p o rte rs  of o rn a m e n ta l s h rim p s  should  

w o rk  to g e th e r  w ith  th e  m ain  e xp o rte rs  to  adopt sus ta in 

ab le  procedures  and develop th e  n ecessary  technology fo r  

rea rin g  th e  m ost im p o rta n t spec ies  in trad e . D eveloping  

th is  e xp e rtise  in developing coun tries  w ith  o p tim al c lim a te  

conditions and lo w  production costs w ould  a llo w  fo r  m ore  

effective  conservation p ro g ra m m e s  to be im p lem en ted  

w h ils t g en era tin g  a va lu a b le  source of revenu e219.
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livelihood but it m ight also relieve some of the fishing 
pressure on coral reefs. The two groups pioneering this 
technique are researcher V incent Dufour (under a 
program me called AquaFish Technology] and his team 
based in the Pacific, and m embers of ICLARM-The World 
Fish Center, based in the Solomon Islands and the British 
Virgin Islands. Considering that the vast m ajority of fish 
larvae die a fte r having settled onto the reef (10 per cent 
survival rate], removing them  prio r to the high m orta lity  
rate fish popu lations s u ffe r at re c ru itm e n t would 
guarantee m in im al fishing im pact208. Species farm ed this 
way and exported from  French Polynesia to France 
showed prom ising growth rates, were more gregarious, 
accepted a w ider variety of food and were less sensitive to 
stress than w ild -ca ug h t ind iv iduals of the same 
species209. The research group based in the eastern 
Caribbean region has also developed a floating mesh cage 
system in which larvae can be grown out by providing 
them  w ith  a constant supply of p lankton-rich w a te r210. The 
plankton pump uses a single light at night and utilizes an 
a ir lif t  pump during the day. With an average price of 
US$0.5 per fish, by trading 50 individuals grown out using 
th is  system, m em bers of fish ing com m unities in 
Southeast Asia, for example, could be provided w ith  a 
live lihood211. On the downside th is  la rva l co llection  
technique depends on inputs of fish larvae, which are 
typically unpredictable in space and tim e as w e ll as in 
species composition -  not a ll larvae caught may be 
suitable fo r rearing, or in demand for trade.

Invertebrates
Since technical constraints regarding the spawning of 
mature giant clams and raising of larvae and juveniles were 
overcome in the 1980s, interest in giant clam culture and 
population management has increased considerably84. 
Giant clam  m aricu ltu re  has several advantages: the 
animals require no artific ia l feeding, rearing techniques 
are relatively sim ple and the setting up of facilities 
requires little  capital investment and can involve local 
community members. Furthermore, unlike many other 
form s of m ariculture it does not require broodstock to be 
continuously captured from  the w ild and hence the impact 
on w ild stocks is m inimal.

James Cook U n iversity in A ustra lia , the 
Micronesian M ariculture Demonstration Centre (MMDCl 
in Palau and the Coastal Aquaculture Centre (CAC) in the 
Solomon Islands80 have developed pioneering research 
activities on clam  m ariculture. In the 1980s, scientists 
from  Austra lia, the Philippines and a range of Pacific 
Islands nations (e.g. K iribati, Fiji, the Solomon Islands and 
Palau] teamed up to fu rthe r develop advanced giant clam 
m aricu lture technologies220.

The in itia l in terest in cu ltu ring  giant clams came 
from  concerns related to the decline, and in some cases 
extinction, of w ild  stocks throughout the ir range, due 
partly to increasing pressure on coastal systems as a 
resu lt of settlem ent expansion, po llu tion and improved 
harvesting efficiency. Hatcheries were in itia lly  developed 
to reseed depleted reefs and w ith the aim of growing 
clams as a food source to relieve pressure on w ild 
popu lations81, provide em ploym ent and earn foreign 
exchange80. Nowadays, giant clam s are also reared 
specifica lly fo r sale as aquarium  species w ith  government 
and com m ercia l hatcheries in m ost trop ica l Pacific 
nations and island groups where giant clams are known 
to occur. These hatcheries are having com m ercia l suc
cess because the giant clams can be sold at sm a lle r sizes 
and thus the loss rate experienced due to predation on 
cultured stocks is reduced80. In fact giant clam  farm s 
developed fo r subsistence purposes showed poor 
econom ic v ia b ility82. Any conservation e ffo rts  fo r 
invertebrates other than clam s and cleaner shrim ps 
would be constrained by the near uniform  lack of in fo r
mation on key life history characteristics.

MANAGEMENT INITIATIVES FOR THE TRADE
Marine ornam ental fisheries, if managed sustainably and 
integrated w ith  other resource uses, have the potentia l to 
provide many people in source countries w ith a stable 
source of income and thus a livelihood. Countries like the 
Solomon Islands and Vanuatu have no specific manage
ment plans fo r the ornam ental marine industry221. On the 
other hand countries such as Fiji, Palau and Austra lia 
have policies regulating collection of reef organism s6. 
Unfortunately, these often exist only on paper, are not 
enforced and were rarely im plem ented on the basis of 
rigorous sc ie n tific  baseline stud ies o r m on ito ring  
activities and so in most cases m ight not be effective at 
actually conserving populations.

When addressing issues re la ting  to the 
management of ornam ental fisheries, it is im portant to 
involve a ll parties concerned. This includes collectors, 
wholesalers, governm ents, hobbyists, sc ien tis ts  and 
m embers of industries who m ight have a resource conflict 
w ith aquarium  collectors (e.g. the touris t industry]6. One 
of the most prom ising and effective strategies is to allow  
local com m unities to manage and contro l the ir fisheries. 
A num ber of islands in the Pacific Ocean, where local 
village com m unities have legal rights to pa rticu lar reef 
areas, are successful examples of such a system 222.

Overall it is also im portant to h igh light the need 
for fu rth e r research on the biology, population dynamics, 
recru itm en t and conservation im portance of species 
involved in the marine ornam ental trade, w ith  a particu la r
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focus on rare or endemic species and species that show 
poor survival in aquarium  conditions. A survey of the 
d istribu tion and abundance of target species, including an 
assessment of the exploitable area, is also cruc ia l when 
attem pting to set quotas or develop a management plan 
fo r resources harvested for the aquarium  trade.

In a s im ila r m anner as for many conventional 
com m ercia l food fisheries, measures such as lim iting 
access to the fishery, establishing reserves and setting 
quotas have been suggested as d irect ways for contro lling 
aquarium  fishe ries  and ensuring th e ir  susta inable 
development. In a ll of these instances, scientific  data 
such as the biology, population dynamics and recru itm ent 
patterns of traded species need to be collected. However, 
to date, such scientific in form ation has been lacking. 
Catch data to species level is also im portan t when 
attem pting to assess the effects of collection, developing 
management strategies and assessing the ir efficacy.

Limited access to the fishery
A licensing system, such as the one opera ting in 
Australia, the Cook Islands, Palau and a num ber of other 
Pacific Island countries, whereby collection e ffo rt is 
regulated through a lim ited num ber of perm its being 
issued each year, offers a good way of m onitoring the 
industry6. In addition, Austra lia has introduced res tric 
tions on net size to ensure a lim ited num ber of perm its 
is not offset by greater fishing e ffo rt6. The num ber of 
perm its to be issued should be based on scientific  studies 
estim ating the resource base and sustainable harvest 
quotas, be non-transferab le, subject to review on a 
regular basis and clearly state the conditions under which 
fishing is authorized. The licensing system in Florida, 
where collectors operate under state legislation, and in 
Fiji, where conditions attached to operators' licences are 
severe, stands in con trast to schem es in place in 
countries such as Indonesia where perm its are issued but 
enforcem ent and contro l is d ifficu lt6.

Quotas
Lim iting the num ber of fish being exported from  any 
source country is another way of reducing or lim iting 
collecting pressure. Quotas are only likely to be effective if 
based on rigorous scientific research and implemented at 
a species-specific level6. A lthough relatively simple and 
easily enforced, general quotas are not advisable as they 
may sim ply encourage collectors to focus collection on the 
most valuable species, hence not ensuring protection of 
stocks overa ll and least so of vu lnerab le  species6. 
Species-specific quotas such as those stipu la ted fo r 
butterflyfishes, angelfishes and giant Caribbean ane
mones under the Florida Adm inistrative Code43 ensure

that collection activities are maintained at sustainable 
levels and that a healthy population remains on the reef. 
Unfortunately, the d ifficu lties of a species-specific quota 
system lie in identifying species to which such a system 
should apply, which requires detailed knowledge of the ir 
life histories, recru itm ent patterns, the aereal extent of 
exploitation as w e ll as species densities on the reef90. This 
is compounded by the fact that such quotas need to be 
developed on a country-by-country basis6.

A lthough there is no specific requirem ent w ith in 
the text of CITES to establish quotas to lim it the trade in 
listed species, the use of export quotas has become an 
effective tool for the regulation of in ternational trade. 
Export quotas are usually set by each m em ber state 
individually, but they can also be set by the Conference of 
the Parties, and they generally relate to a calendar year (1 
January to 31 December], Before any Party can issue a 
perm it to allow export of specimens of species in Annex II, 
the scientific authority of the state must advise that the 
proposed export w ill not be detrim enta l to the survival of 
the species (the so-called non-detrim ent finding). In order 
to help make sure that export quotas are not exceeded, 
export perm its should indicate the num ber of specimens 
already exported in the current year and the quota fo r the 
species concerned223.

Indonesia has implemented a quota system for the 
collection of stony corals based on available inform ation 
on rates of growth, recru itm en t, d is tr ibu tion  and 
abundance of coral species7. The management plan for 
coral harvesting also includes a system of rotational 
harvests including no-take zones. However, in practice, 
quotas fo r coral species are based on very lim ited data, 
making it d ifficu lt to determ ine w hether there is any 
basis for regarding these quotas as sustainable. As a 
resu lt of this, the EU expressed concern at the potential

L ined  b u t te r f ly f is h , C ha e to d on  lin e o la tu s .
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E ritre a n  b u tte r f ly f is h , C ha e to d on  p a u c ifa s c ia tu s .

unsustainability of current export volumes and its CITES 
Scientific Review Group has tem porarily  banned the 
im port of a num ber of coral species into the EU until 
Indonesia can dem onstrate that collection according to 
the set quotas is indeed not con tribu ting  to reef 
degradation.

Size limits
Size lim its are another useful tool in managing aquarium 
fisheries. The marine ornam ental fish trade tends to be 
highly selective in favour of juveniles due to the ir dis
tinctive coloration, low transport cost for exporters and 
optim al size to fit in a home aquarium. However, the young 
of some popular fish species are easily stressed and hence 
may suffer high m ortality during holding and transport6. 
Setting m in im um  size lim its  such as those encouraged by 
an Ocean Voice International-Haribon Foundation project 
in the Philippines118 would help ensure that stock is not 
unnecessarily wasted224. Maximum size lim its are equally 
im portant to ensure that sufficient numbers of breeding 
adults remain on the reef. At the recent Nineteenth Meeting 
of the Animals Committee (18-21 August 2003] the decision 
of 'a universal m inim um  permissible size of 10 cm (height] 
[...] for a ll seahorses in international trade, [...] to allow 
animals to reproduce before being caught' was adopted.

The State of Florida has an exemplary regulation 
system stipulating m inim um  and maximum sizes for a 
num ber of ornam ental fish species. According to the 
Florida Administrative Code butterflyfishes and several 
species of angelfishes (grey, French, queen and rock 
beauty], for example, are subject to both a m inim um  and a 
maximum length restriction43. Maximum length lim its  are 
also specified fo r gobies, jawfish and the Spanish hogfish43.

G ra p e /b u b b le  c o ra l, P le ro g y ra  spp.

Maximum size restrictions for the collection of 
coral pieces are im portan t to ensure that mature colonies 
are not removed from  the reef. Such restrictions would 
be particu larly  useful for species of coral which tend 
to develop particu la rly  large colonies. The Indonesian 
authorities have stipulated maxim um  size lim its  of 15 cm 
and 25 cm for slow-growing species such as Plerogyra  
and C ata laphyllia  and fast-grow ing species such as 
A cropora  respective ly224. Removing p rim a rily  sm a ll 
specimens is also like ly to reduce damage to the reef 
habitat structure.

A study of Pocillopora verrucosa  in the Philippines 
showed tha t m axim um  susta inable yie ld could be 
calcula ted using in fo rm ation  on d is tr ibu tion  and 
abundance as w e ll as growth rate and rates of m orta lity  
and recru itm en t225. The m in im um  size that should be 
allowed at harvest was calculated to be 18 cm in height, 
equivalent to six years old.

Marine reserves
A potential solution to the localized depletion and habitat 
degradation tha t may resu lt from  extensive and 
unmonitored collection of marine ornam entals is the 
creation of m arine reserves, areas where fishing is 
prohibited or controlled. Marine reserves have often been 
recommended, and suggested as useful tools in managing 
marine fisheries (usually food fisheries], for they have

226-230been shown to increase fish abundance " and protect
231 23 2ecosystems from  habitat destruction due to fishing ’ 

Hence, they could also, if set up and managed appro
priately, prove to be a valuable tool fo r managing aquarium

6 13 20 224-fis h e rie s ’ ’ ’ . Australia, for example, has developed an
effective m anagem ent stra tegy whereby cora l reef
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habitats have been divided into zones for different uses, 
which inctude no-take areas74. Setected cottection areas, 
representing tess than 1 per cent of the reefs in a region, 
have been estabtished for ticensed cottectors to harvest 
corat for the aquarium  trade74. Government statistics show 
that despite cottectors harvesting 45-50 tonnes of corat 
peryear fo r 20 years, no noticeabte impact on the resource 
has been observed74.

Reef fish assembtages and patterns of distribution 
of fish are inftuenced by the associated reef habitat, which 
provides food and shetter to a targe number of organisms. 
The greater the comptexity of the reef structure the greater 
the avaitabte fish biomass and the more diverse fish 
assembtages w itt be233. Therefore, in order to be effective at 
protecting the wide range of fish species of interest to the 
marine aquarium trade, marine reserves need to inctude a 
great diversity of habitats, i.e. have structurâ t comptexity18. 
The tim ited home range size and high tevet of habitat 
specificity associated w ith marine ornamentat fish seem to 
indicate that marine reserves shoutd be effective toots at 
managing ornamentat fish poputations.

Management decisions (e.g. tocation fo r reserves] 
shoutd invotve partic ipation by aft stakehotders, w ith 
appropriate consuttation w ith  scientists and fishers at 
the tocat and nationat tevets, so as to m inim ize conftict 
and optim ize benefits55,234,235. Marine reserves are tikety 
to be m ost successfut at ensuring the sustainabte use of 
tocat resources as weft as increasing awareness and 
understanding of conservation and management issues if 
imptemented by the cottectors and retevant m embers of 
the com m unity themsetves, a process often referred to as 
com m unity-based management. By giving com m unity 
m em bers a sense of ownership of the ir resources, they 
w itt more tikety guard these against destructive uses17,30

H o ld in g  ta n k s  at a m a r in e  a q u a r iu m  w h o le sa le r.

Traditional management under customary marine 
tenure (CMTl presents a unique set of conditions for the 
successfut implementation of marine reserves. CMT plays a 
key rote in the overall social, economic and cu ltu ra l aspects 
of societies in the Pacific Islands222. In the Pacific basin, 
although CMT comes under a range of different organiz
ational concepts, and has in part been eroded because of 
colonialism, the tocat community is often the exclusive 
owner of marine resources, managing coastal fisheries and 
habitats222. The essence of CMT structures is based on the 
idea that the more responsibility is left to tocat communities 
for the control of tocat resources, the tess governments w itt 
have to be implicated in legal, conservation and social 
issues, and the greater the sense of responsibility members 
w itt have towards the sustainabte use and conservation of 
marine resources and habitats. However, the ir effective
ness is tikety to be dependent on how such systems adapt to 
changing socio-economic conditions.

Temporary closures
Temporary closures are often cited as an alternative to the 
im plem entation of reserves. This approach is commonly 
used to protect species during reproductive phases to 
ensure there is suffic ient recru itm ent to sustain the 
population. A lthough not in operation specifically for the 
aquarium  trade at present, such closed seasons could 
a llow  juvenile fish to grow to a size unsuitable for 
aquarium  cottection thus making sure that a healthy stock 
of adult fish is maintained on the reefs6. These adults in 
turn would contribute recru its and help maintain healthy 
population tevets despite irre g u la r and stochastic 
recru itm ent events. It is im portant to note that tem porary 
closures are only tikety to be effective if imptemented at 
the right tim e and at the right location224.

57



From ocean to aquarium

Conclusions and 
recommendations

On the  jo u rn e y  fro m  ‘ree f to  re ta il.

G iven the wide range of threats facing coral reefs, 
with reefs in Southeast Asia -  the most important 
source of the majority of animals in the marine 

ornamental trade -  particularly at risk, it is becoming 
increasingly important that harvesting of m arine  
organisms for the aquarium trade is appropriately  
managed in order not to fu rth er compound these 
problems. However, to date only a relatively small 
number of countries have put in place comprehensive 
regulations to control the collection of m arine  
ornam entals. The highly selective nature of these 
fisheries increases th e ir impact on populations of 
targeted species. They may also, directly through the 
use of destructive fishing practices or indirectly through 
the removal of key species (e.g. cleaner fish/shrimp), 
impact other species and ecological processes in the 
habitats where fishing for the aquarium trade occurs.

Most of the restrictions that regulate the trade to 
date have been put in place despite a tack of inform ation 
on the population status and life characteristics of the 
targeted species. More accurate trade data, and much 
more specific  in fo rm ation  on pa rticu la r life h istory 
characteristics such as recru itm ent and growth rates, 
shoutd be collected to establish quotas and maximum 
sustainabte yields, as w e lt as to help in the devetopment of 
fram eworks to manage the cottection of reef organisms 
for trade on a sustainabte basis. Certification schemes 
and associated operational standards for the industry 
need to be fu rthe r developed and more widely applied 
to make certain that fish are collected, handled and 
transported in a m anner that m inim izes stress to the 
animats right through the process from  'reef to reta il’. 
Raising awareness through the circulation of inform ation 
m ateria ls  about these standards and the steps that 
consumers can take to help ensure animats are being 
collected in a way that is sustainabte shoutd also be

promoted. The purchasing power that hobbyists possess is 
undoubtedly the single most im portant m arket force in the 
m arine aquarium  industry. If su ffic ien t num bers of 
informed consumers demand fish that have been caught 
using sustainabte techniques it is tikety that this w itt have 
im portan t positive repercussions on fishing methods 
gtobatty. In source countries, and particu larly in Southeast 
Asia, steps need to be taken to reform  policies, strengthen 
institutions (e.g. mount public awareness campaigns in 
the media and schools] and develop pro-active training 
program m es to encourage cottectors to use non
destructive methods.

Species that are unsuited to life in aquaria or 
exhibit tow population densities, restricted ranges, or life 
history tra its  that make them  particu larly  vulnerable to 
cottection, shoutd receive special attention to reduce the 
risks of overexploitation.

The designation of m arine reserves, establish
ment of quotas and size lim its  in addition to measures 
to lim it access to the fishery are examples of ways in 
which population stocks of marine ornam entals could be 
both conserved and managed so as to provide sustainabte 
livelihoods fo r tow-incom e coastal populations. It is 
im portan t tha t m anagem ent decisions, such as the 
location of reserves, involve the partic ipa tion  of alt 
stakeholders, including appropriate consulta tion w ith 
scientists and fisherm en at the tocat and national tevets. 
In this way, conflicts can be m inim ized and benefits 
optimized.

F ina lly, fu r th e r  research into m a ricu ttu re  
technologies is needed in o rder to take pressure off 
w ild  stocks and increase the cost e ffectiveness of 
facilities. Such projects shoutd develop as an alternative 
livelihood fo r fishing com m unities in source countries, 
the reby in te g ra ting  conserva tion  and susta inabte  
devetopment objectives.
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E n d n o t e s

i. T h e  m a r in e  a q u a r iu m  tr a d e  is c o m p o s e d  o f: s a l tw a te r  fis h , 

c o ra ls  (s to n y  a n d  s o ft] a n d  in v e r te b ra te s  (e .g . s h r im p s , s m a l l  

c la m s ] th a t  can  be k e p t in an  a q u a r iu m . F ish  m a k e  up a b o u t 85  

p e r  c e n t o f th e  t r a d e  by v a lu e .

ii. P ro c e s s  by w h ic h  a p ro d u c t is la b e lle d , m a k in g  it p o s s ib le  fo r  

th e  c o n s u m e r  to  c h o o s e  p ro d u c ts  th a t  a re  e n v iro n m e n ta lly  

fr ie n d ly  an d  ha ve  b e en  c o lle c te d  in a s u s ta in a b le  w ay.

iii. C IT E S  (th e  C o n v e n tio n  on In te r n a t io n a l T ra d e  in E n d a n g e re d  

S p e c ie s  o f W ild  F a u n a  a n d  F lo ra ] is an  in te r n a t io n a l a g r e e m e n t  

b e tw e e n  g o v e rn m e n ts . Its  a im  is to  e n s u re  th a t  in te rn a t io n a l  

t r a d e  in s p e c im e n s  o f w ild  a n im a ls  a n d  p la n ts  d o e s  not 

th r e a te n  th e i r  s u rv iv a l. C IT E S  is an  in te r n a t io n a l a g r e e m e n t  to  

w h ic h  S ta te s  (c o u n tr ie s ] a d h e re  v o lu n ta r ily . S ta te s  th a t  have  

a g re e d  to  be  bo u n d  by th e  C o n v e n tio n  ('jo in e d ' C IT E S ] a re  

k n o w n  as P a r t ie s . A lth o u g h  C IT E S  is le g a lly  b in d in g  on th e  

P a rt ie s  -  in o th e r  w o rd s  th e y  ha ve  to  im p le m e n t  th e  C o n v e n tio n  

-  it d o e s  no t ta k e  th e  p la c e  o f n a t io n a l la w s . R a th e r  it p ro v id es  

a f r a m e w o r k  to  be re s p e c te d  by e a c h  P a r ty , w h ic h  has  to  a d o p t  

its  o w n  d o m e s t ic  le g is la t io n  to  e n s u re  th a t  C IT E S  is 

im p le m e n te d  a t th e  n a t io n a l le v e l. F u r th e r  in fo rm a tio n  on  

C IT E S  a n d  its  A p p e n d ic e s  c an  be fo u n d  a t h t tp : / /w w w .c ite s .o rg /

iv. F u r th e r  in fo rm a tio n  on live  a n im a l  tr a n s p o r t  c an  be fo u n d  a t 

h ttp : //w w w .ia ta .o rg /c a rg o o p e ra t io n s /liv e a n im a ls /in d e x

v. F o r m o re  in fo rm a tio n  v is it h ttp : / /w w w .a a ta -a n im a lt r a n s p o r t .o r g /

v i. T h e  M A C  C o re  S ta n d a rd s  In te rp re ta t io n  D o c u m e n t c an  be  

fo u n d  a t: h t tp : / /w w w .a q u a r iu m c o u n c il .o r g /d o c s /l ib r a r y /1 /1 0 -  

0 1 -0 2 _ M A C _ C o r e _ S ta n d a rd s _ ln te r p r e ta t io n .p d f

vii. F u r th e r  d e ta ils  on E U  w ild l i fe  tr a d e  re g u la tio n s  c an  be fo u n d  

a t: h t tp : / /e u r o p a .e u .in t /c o m m /e n v ir o n m e n t /c i te s /h o m e _ e n .h tm  

o r  h t tp : / /w w w .e u -w ild l i fe t r a d e .o r g /

v iii. J a p a n ’s d a ta  a re  b a se d  on e x p o rte rs ' re p o rts  fo r  1 9 9 7  an d  

y e a rs  1 9 9 9 -2 0 0 1  as  J a p a n 's  A n n u a l R e p o rts  fo r  1 9 9 9 -2 0 0 1  a re  

not a v a ila b le  a n d  J a p a n  d id  no t re p o r t  a n y  c o r a l  im p o r ts  fo r  

1 99 7 .

ix. C a n a d a ’s d a ta  a re  b a se d  on e x p o r te r s ’ re p o rts  fo r  1 9 9 7  an d  

2 0 0 0  -  th e r e  w e r e  no c o ra l im p o r ts  re p o r te d  in 1 9 9 7  an d  

C a n a d a ’s 2 0 0 0  A n n u a l R e p o rt is u n a v a ila b le .

X. R e p u b lic  o f K o r e a ’s  d a ta  fo r  2 00 1  a re  b a s e d  on e x p o r te r s ’ 

re p o r ts  as  its  2001  re p o r t  is u n a v a ila b le .

x i. T h e  E U  c o m p r is e s  A u s tr ia , B e lg iu m , D e n m a r k , F in la n d , F ra n c e , 

G e rm a n y , G re e c e , Ire la n d , Ita ly , L u x e m b o u rg , N e th e r la n d s ,  

P o rtu g a l, S p a in , S w e d e n  a n d  th e  U n ite d  K in g d o m .

xii, T h e  a u th o r , th ro u g h  a M A C  re p re s e n ta t iv e , a p p ro a c h e d  Jo h n  

B ra n d t, an e x p e r ie n c e d  a q u a r iu m  h o b b y is t, fo r  an  a lte rn a t iv e  

o p in io n . In  a n s w e r  to  th e  q u e s tio n , ‘W h a t c o n s titu te s  an  

u n s u ita b le  s p e c ie s ? ', an d  in re s p o n s e  to  a re q u e s t to  d e r iv e  

s p e c ie s  lis ts  f it t in g  th a t  c r ite r io n , he  re p lie d :

'T h e  e x p e r ie n c e s  o f a q u a r iu m  h o b b y is ts  an d  p ro fe s s io n a l 

a q u a r is ts  ha ve  s h o w n  th a t  s o m e  s p e c ie s  o f a n im a ls  a re  

u n s u ita b le  fo r  c ap tiv ity . T h o u g h  th e r e  m a y  be  a v a r ie ty  of 

c a u s e s , th e  u n d e r ly in g  f a c to r w it h  th e s e  a n im a ls  is th a t  th e y  

c a n n o t c o n s is te n tly  be  m a in ta in e d  in a q u a r iu m s  s u c c e s s fu lly . 

U n s u ita b ility  is a c u ltu r a l ly  d e r iv e d  c a te g o ry . M o s t a q u a r is ts  

a g re e  th a t  a fa i lu re  to  th r iv e  in c a p tiv ity  is a fu n d a m e n ta l

c h a r a c te r is t ic  o f an  u n s u ita b le  s p e c ie s . S o m e  a q u a r is ts  re g a rd  

s p e c ie s  th a t  can  re a c h  a la rg e  a d u lt  s iz e  a s  b e in g  u n s u ita b le . 

T h e r e  is a ls o  a c o m m o n  s e n t im e n t  th a t  t r u ly  u n s u ita b le  s p e c ie s  

s h o u ld  no t be  c o lle c te d  fo r  th e  a q u a r iu m  tra d e .

'T h e  m o s t f r e q u e n t re a s o n  th a t  an a n im a l  c a n n o t  

a c c lim a tiz e  to  c a p tiv e  c a re  is th a t  its  d ie ta r y  n e e d s  c a n n o t be  

m e t. M a n y  re e f s p e c ie s  a re  o b lig a to ry  fe e d e rs  (e .g . 

B u tte rf ly f is h e s 42,173], m e a n in g  th a t  th e y  e a t  o n ly  o n e  o r  fe w  

ty p e s  o f fo o d s  in th e  w ild . W h e n  p la c e d  in a q u a r iu m s  th e y  m a y  

re fu s e  to  e a t  p re p a re d  fo o d s  o r  if th e y  b e g in  e a t in g  th e y  m a y  

e x p e r ie n c e  m a ln u t r it io n  o v e r t im e .  U n s u ita b ility  is 

c h a r a c te r iz e d  by h igh  ra te s  o f m o r ta l ity  a n d  g r e a t ly  re d u c e d  

life s p a n s . O c c a s io n a lly  in d iv id u a ls  can  be  fo u n d  th a t  have  

a c c lim a tiz e d  to  c ap tiv ity , bu t ra re ly  can  a n y  p a r t ic u la r  fa c to r  be  

a ttr ib u te d  to  th e i r  s u cc e ss .

‘T h e  fa c to rs  fo r  u n s u ita b ility  in lis ts  A  (h ig h ly  u n s u ita b le  

s p e c ie s ] a n d  B (g e n e ra l ly  u n s u ita b le  s p e c ie s ] o n ly  invo lve  

fa i lu re  to  th r iv e  in c a p tiv ity ; no t p o te n tia l s iz e , to x ic ity  o r  a n y  

o th e r  fa c to rs  th a t  m a y  m a k e  a s p e c ie s  u n s u ita b le .

'T h e s e  c o m p ile d  lis ts  a n d  th e i r  c r ite r ia  do  no t re p re s e n t a 

h ig h ly  fo r m a liz e d  a p p ro a c h  to  th e  iss u e . M u c h  d ia lo g u e  

b e tw e e n  h o b b y is ts , p ro fe s s io n a l a q u a r is ts  an d  s c ie n tis ts  on  

th is  to p ic  s h o u ld  o c c u r  b e fo re  a n y  o ff ic ia l re g u la t io n s , p o lic ie s  

o r  le g is la t io n  be  e n a c te d  f r o m  th e s e  l is ts . ’

x iii. C o r a l  th a t  h a s  a m u tu a lis t ic  re la t io n s h ip  w ith  z o o x a n th e lla e  

(s m a l l  a lg a e ] a n d , h e n c e , g ro w s  o n ly  in s u n lit  w a te r s .

xiv. Loss o f th e  c o ra l's  z o o x a n th e lla e .

XV. R e c r u itm e n t  is an  in te g r a l  p a r t  o f fis h  p o p u la tio n  d y n a m ic s ,

b e c a u s e  th e  s u rv iv a l o f ju v e n ile s  u lt im a te ly  d ic ta te s  th e  

a b u n d a n c e  o f a d u lt  p o p u la tio n s . In o r d e r  to  s u rv iv e , ju v e n ile s  

m u s t o v e rc o m e  c o m p e tit io n , p re d a tio n  a n d  h a b ita t  

a v a ila b il ity 124. T y p ica lly , re s e a rc h e rs  d e fin e  r e c r u itm e n t  as  th e  

s u rv iv a l o f in d iv id u a ls  th a t  s e t t le  as  la rv a e  o u t o f th e  p la n k to n  

to  re e f  h a b ita t .

xvi. A n  o rg a n is m  th a t  has  an  in t im a te  a s s o c ia tio n  w ith  o n e  o r  m o re  

o rg a n is m s  o f a d if fe re n t s p e c ie s .

x v ii. T w o  n o ta b le  e x c e p tio n s  to  th e  ru le :

A c a n th o c h ro m is  po lyacan thus-.  T h is  s p e c ie s  o f d a m s e lf is h  

in c u b a te s  its  e g g s  in a s m a l l  c re v ic e  fo r  tw o  w e e k s . O n ce  th e  

e g g s  h a tc h  th e y  do no t d is p e rs e  w ith  o c e a n  c u r re n ts  bu t 

in s te a d  s h o a l n e a r  th e  b o tto m ;

P te ra p o g o n  kaudern i-. In  th is  s p e c ie s  th e  m a le  re ta in s  th e  fre e  

e m b ry o s  in h is  o r a l  c av ity  fo r  s e v e r a l  da ys  a n d  so  th e r e  is a 

c o m p le te  la c k  o f a p la n k to n ic  p h a se .

xviii. M a in  c o u n tr ie s  o f d e s t in a tio n  g iven  by th e  d a ta b a s e  w e r e  th e  

N e th e r la n d s  a n d  th e  U n ite d  S ta te s .

x ix . T h is  s e c tio n  is b a s e d  on th e  M A C  w e b s ite  a n d  H o lth u s 113.

XX. M o re  d e ta ile d  in fo rm a tio n  on c u ltu re d  fis h  a n d  in v e r te b ra te s

c an  be fo u n d  u n d e r  th e  b re e d e rs ’ re g is try :  

h t tp : / /w w w .b r e e d e r s - re g is tr y .g e n .c a .u s /

xx i. C u r re n tly , th e  m o s t im p o r ta n t fa r m s  a re  b a s e d  in th e  B a h a m a s  

(A q u a life  R e s e a rc h ], th e  U n ite d  S ta te s  (O R A  F a rm s  an d  D y n a s ty  

M a r in e  A s s o c ia te s  in F lo r id a  a n d  C -Q u e s t in P u e rto  R ico] an d  

th e  U K  (T ro p ic a l M a r in e  C e n tre  in L o n d o n ).
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F r o m  O c e a n  to  A q u a r iu m  is th e  p ro d u c t o f a  c o lla b o ra tio n  b e tw e e n  U N E P -W C M C , 
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