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PREFACE

Thelnternational Cora Trade Workshop sessionscons sted of aseriesof background presentationson
thetrade, individual country reports, and adiscussion of factorsthat need to be considered for acountry
devel oping asustai nable management approach for the stony coral trade. Thefirst sessonincluded
presentations on 1) theglobal trendsin the stony coral trade; 2) environmenta concernsand information
needs; 3) import controlsand port inspection processesintheU.S. ; 5) mariculture alternatives; and

6) certification for best practices proposed by the Marine Aquarium Council. Thiswasfollowed by
country reports, whereworkshop participants discussed the statusof theindustry intheir country, existing
management mechanisms, information gaps and the typesof technical and financia assistancethey need to
develop ascience-based management plan. Thiswasfollowed by presentationson factorsthat need to
beincludedin amanagement planfor the cora fishery, best collection practices, and typesof monitoring
information needed to determine asustainable quota, to make anon-detriment finding asrequired by the
Convention on International Tradein Endangered Species(CITES), and to assessimpacts associated with
harves.

Because Indonesiaistheworld'slargest cora exporter, much timewas devoted to presentationson the
cora tradein Indonesia. Theworkshop opened on April 9 against the backdrop of the Indonesian
Minister of Environment’srecent announcement that he might consider banning the cord tradein Indonesia
asalesscodtly dternativeto the devel opment of |egidation and regul ationsfor sustainable management. A
keynote speech by the Honorable Sarwono Kusumaatmadja (the Minister of theMinistry of Marine
Affairsand Fisheries) emphasi zed theimportance of the coral tradefor local economies, the need for
better management and enforcement to eliminate destructive practicesand other threatsto coral reefs, and
thedifficultiesthat Indonesiawould haveto overcometo achievethis. Suharsono (acoral reef scientist
that worksfor the CITES Scientific Authority of Indonesia) explained how he developed aquotasystem
for the harvest of stony corals. Herecognized many of the difficultiesin coming up with aspeciesby
speciesquota, discussing thelack of information available on the biol ogy, distribution and abundance of
many of the speciesintrade. He asked for assistanceinimproving their ability to assignaquotato each
speciesto ensurethat theharvestissustainable. A local NGO presented i nformation on theimportance
of thecoral tradefor local communities, someof the health and safety issues, user conflicts, andillega
trade concerns.

Thelndonesian Coral, Shell and Ornamental Fish Association (AKKII, Asosias Kord, Kerang dan [kan
HiasIndonesia) waswell represented at thismeeting. AKKII isresponsiblefor allocating the quotato
their membersthat isestablished by the CI TES Management and Scientific Authoritiesof Indonesia, and
also serves asaliai son between the government and the exporters. AKKII saysitis committed to

devel oping theindustry inamanner that ensuresitsfutureviability , andis working to devel op mariculture
techniquesto supplement wild harvest. AKKII demonstrated its willingnessto work with the
international community by assistingin al aspectsof thisworkshop. Also, itscommitment and
contributionsto our follow-up field surveysdemonstrated the eagerness of memberstowork with
scientistsand the government to obtain monitoring information on the status of theresourceto ensurethat
the established quotaisbased on sustainable use.

K eynote presentationsfrom areaswith cord fisheries, including Australia, Fiji, Solomon Idands, Vanuatu
and Vietnam illustrated the degreeto which cora resourcesare harvested, locations of harvest, fishery
participants, existing and proposed management strategies, and difficultiesgovernment agencieshavein
managing, monitoring and enforcing thecord fishery. Thecord fishery in Austraiain primarily for
domestice use, and has been well managed for over 70 years. Themaindifficulty that hasoccurredinthis
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fishery hasbeen associated with ashift inthetypesof cora collected, from adominance by shalow water
branching speciesfor curiosto anincreasein other typesof coralsfor thelive cora market. InFiji, the
market for curio coralsbegan in about 1984, and during the 1990swas expanded to includeliverock and
livecora exports. Reefsare currently managed under amarinetenure system, which hasmeant that local
communitieshave established partnershipswithindustry. Oneconcern hasbeen arapid growthin exports
over thelast fiveyears, aong withamajor lossin cora resourcesasaresult of ableaching event in 2000/
2001. Inthe Solomon Idandsreefs are al so managed under acustomary marinetenure system. Coral has
been harvested since 1984, but few records have been kept regarding locations of harvest and volume of
export. The Solomon Idands currently lacks amanagement plan and the number of collectorsare
unknown. Thetradein coralsfrom Tongabegan in 1988, and hasbeen characterized by ardatively small
number of operatorsthat harvested coral for afew yearsbefore stopping operation, followed by new
operatorscoming onto the scene. The government currenity allowsamaximum of 5 aquarium operators
per year. TheMinistry of Fisherieshasdevel oped acode of practicefor collectionthat include quantities
and locationsof harvest regul ated through permits. 1nVanuatu thetradein coralsbeganin 2000, andis
primarily focussed on liverock with somelive cords. Thereisno management plan, but exportersmust
obtainalicense and export permit for each shipment. InVietnam coralshave been traditionally harvested
for lime production and only withinthelast fiveyearshas an export market developed for live coralsand
curio cords. Thefishery isnotcurrently managed, and collection and export statisticsare not compiled.

Inthe Proceedings, | include background information on thetrade, an abstract for each presentation,
country reports, and the Working Group reports. | alsoincludetheresultsof thefield survey conductedin
conjunctionwith thisworkshop, illustrating apossi bl etechniqueto monitor theresourceand estimatea
sustainablequota. The Proceedingsend with an articlethat compil esthe recommendations made by the
working group membersinto guidelinesfor asustainable stony coral fishery, whichwill appear in abook
ontheornamenta tradelater thisyear. | am grateful to all of the participants, and look forward to
working with each of you to implement these recommendations. Together we can ensurethat stony coral
fisheriesare sustainable, and can provideimportant revenuefor dependent communitiesfar into thefuture.

Andy Bruckner, September, 2002.
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Executive Summary

Thereisagenerd belief that thetradein coralsand other ornamental coral reef speciesiscontributing to
theworld-wide degradation of cora reefs, and thereis the need for the devel opment of strategiesto
mitigate negativeimpacts associated with the trade and ensure sustainabl e collection. Asonestepinthis
process, the United States supported aregiona workshop in Indonesiato devel op sustainable
management principlesfor sony cords. Thisincluded an approach for ensuring ecologically sustainable
resource use, best collection practices, and techniquesto assessand monitor coral resources. The
workshop wasattended by 127 participants, including key stakeholders (government, academia, industry
and NGOs) frommgjor coral exporting nations (Indonesia, Fiji, Solomon Idands, Tonga, Vietnam, and
Vanuatu), other countriesthat extract coral for ornamental purposes (Australia), and importing nations
(TheU.S. and European Union). Thefocusof theworkshop involved an examination of the status of
stony coral fisheriesandtrade, percelved problemsassociated with thetrade, current management
guiddines, and differencesin management mechanismsand experiencesamong countriesthat harvest
cora. Following aseriesof presentationsby participants, three concurrent Working Groups made up of
expertsfrom each country devel oped guidelinesfor coral harvest, management and monitoring. The
Working Groups compiled recommendationsfor asustainable cora fishery based onexisting
management strategies, best practi ces proposed by stakeholdersand scientists, and local expertise of the
working group participants. In addition, NMFSprovided training in cord identification for 40 Indonesian
law enforcement personnel. At the end of theworkshop, twelve participants performed surveysin coral
collection areas off of South Sulawes (Spermondeldands) totest apilot survey technique, and to collect
information on specific taxain tradefrom Indonesathat are currently under trade suspensioninthe EU.

The management WG recommended that aholistic (ecosystem management) approach isoptimal, with
consideration of 1) target pecies, their roleinthe ecosystem and sustainability issuesarising from collection
activitiesin areasimpacted by other factors; 2) other speciesand interactionswith the ecosystem; and

3) other natural or anthropogenic stressors causing reef degradation. Zoning isnecessary to spatially or
temporally separate usesand user groups,; thiscan minimize conflicts, while having abeneficid effect on
exploited and unexpl oited organisms and the preservation of biodiversity. Managersshouldlimitthe
amount of coral that can be collected in each area, based on the ecol ogical carrying capacity and social
objectivesfor the collection areaand the community. If aquotaisused asthe primary management
restriction, thismust be set at thelevel of ageographically defined collection areafor each target species,
inaccordance with ecologically sustainablelimitswith regardsto the abundance, popul ation dynamicsand
lifehistory characteristicsof that species. Overall, the objectives of amanagement plan for acoral fishery
must ensurethat exploitation of coralsfor domestic useand international tradeisundertaken without
detriment to the ecosystem or its component species. The devel opment of asustainable management plan
must be undertaken with participation and consultation of al stakeholders, with equitabl e distribution of
benefitsarisng from resource utilization.

The Callection Working Group (CWG) examined five mainissues:. 1) collection techniquesthat minimize
collateral damageto non-target organismsand the surrounding reef environment; 2) optimal locations of
collection; 3) preferred target species; 4) proper handling techniquesto maximize survivorship; and

5) obligationsof coral fishers. The CWG proposed amaximum sizelimit for coras, depending ontheir
growthformandlifehistory. Collectorsshould preferentialy target specieswith highloca abundance, fast
growth rate, and high rates of reproductive replenishment, aswell asspeciesthat survivewd | in captivity.
Collection should occur, where possible, in areas of dense cora growth or where competition threatensthe
existence of agiventarget species. Thenumber of corals collected from any one areashould below
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enough to ensure the potential for replacement and regeneration. Specific collection and handling techniques
arenecessary for target speciesto minimize stressand to maximizetheir health and surviva. Thisincludes
limiting thedistance between the collection Steand the hol ding facility, minimizing exposureto direct sunlight,
and ensuring sufficient water changesto maintain ambient temperatureand sainity and prevent the build-up
of toxic metabolites. The CWG identified anumber of speciesthat experience high rate of mortality
resulting from collection and/or transport and alow surviva inhomeaguaria, or that may be particularly
vulnerableto overexploitation based on their abundance or biology. The CWG suggested that further
investigation of these speciesisnecessary to ascertain the nature of the problems, and that alimitation or
prohibition onthetakeof particularly vulnerable taxamay be necessary inthefuture. The CWG aso noted
that collection should be prohibited or limited for speciesthat areknownto berareor vulnerableto
overcollectionin onearea, but that speciescould be collected in other areasor countriesif itismore
abundant and can be sustainably harvested.

TheMonitoring Working Group (MWG) wastasked with identifying an approach to monitor coral reef
resourcesthat could address management needs, and al So assess ecosystem impacts associated with coral
harvest. Effective monitoring requiresatiered approach conducted at different spatial and temporal scales.
It should include 1) abaseline assessment of the abundance and sizefrequency of target stocksand the
extent (aerial coverage) of their habitats, aswell asthat portion of thetota habitat where collection occurs,
2) periodic monitoring to detect changesin the resource associ ated with collection or other impacts; and

3) acombined evaluation and anaysisof fisheriesdata, tradestatistics, and field survey information to
verify compliancewith management measuresand ensurethat the proposed management guidelinesachieve
their intended goals. Theultimate goalsof amonitoring approach for the stony coral trade areto determine
thetota allowable catch that aparti cular management areacan sustain without detriment, and to provide
feedback that allowsarefinement of the quotain responseto natura or anthropogenic changes, thereby
ensuring that the resource can continueto be utilized without detriment to the target species, associated
speciesor the ecosystem.

Summary of Resolutions from the Management Working Group

1. Cord fishery management should occur at al levels(ecosystem, collector/fisher, middleman, and
exporter) to achieve conservative management approachesthat can bevalidated and enforced. This
will provideavariety of management mechanismsto ensurethat coralsand the ecosystem on which they
depend are being adequately protected and sustainably utilized.

2. Thecoral collection fisheriesincluding associated fish and invertebrate species need to bemanagedina
holistic manner, recognising that it may be difficult to monitor ecosystemimpacts. Arrangementsneed to
beflexibleand ableto takeinto account other impactsto coral reefs.

3. Thepreferred management strategy would beto identify defined coral collection areason abroad reef
scale, (or smaller reef scale), and restrict coral collection activitiestothoseareasonly.

4. Each country should keep awatching brief onthe development of cora culturing technology and
evaluate how it might compliment thewildstock management arrangementsin placein accordancewith
the management objectivesof that country.
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Objectivesof cora fishery management must ensurethat the exploitation of coralsfor both
international and domestic marketsisundertaken without detriment to the ecosystem or its
component species. Management must enabl e the participation of all stakeholdersand enablethe
equitabledistribution of benefits.

Consultation with relevant stakeholders, appropriateto thelevel of theissue, needsto be
undertaken when devel oping amanagement plan for the coral fishery. Consultation needsto be
trangparent, well-organi sed and wel l-planned.

Someform of limitation to the number of coral collectorsand the amount of coral that can be
collected should occur. Thisneedsto be appropriateto the ecological carrying capacity and social
objectivesfor thecoral collection areaand thecommunity. A precautionary approach must be
consderedif definitiveinformation isnot available ontheecologica carrying capacity of thearea.

If agquotaisto be used asthe primary management restriction, then the quotamust be set at the
geographicaly defined collection areain accordance with ecologicaly sustainablelimitsand with
regard to species-specific sustainability issues. Inthe absence of sufficient specificinformationa
precautionary approach must be adopted.

Summary of Resolutions from the Coral Collection Working Group

1. Thepreservationof cora reef framework and non-target benthicinvertebratesisessentia inall

2.

collection activities. Collectorsmust avoid breaking apart larger coloniesor disodging or damaging
coralsor other invertebrates|ocated in close proximity to thetarget coral.

Collection can occur inal habitat types, including reef flats, reef dope, forereef and back reef
environments, grassheds, |agoons, and deeper soft bottom communities, with collectorstargeting
areasof dense coral growth and avoiding isolated coral colonies. Within acollection area, specific
sitesshould be established for coral collectionwith certain areasbeing of f limitsto collectionto serve
asrefuges, brood stock and to minimize user conflicts. Sitesthat are closed to collection should
includeaportion of al representative habitat typesin each collection area and contain all target
species. Collectorscan use snorkel, SCUBA, or hookah diving, provided that the collectorsfollow
divesafety guidelines. Collection should belimited to 25 m depth, asdeeper depthswill bedifficult
to monitor, assesscollectionimpacts, or determine sustainable harvest levels.

Speciestargeted for collection should be considered so asto maximizetheir continued presenceand
reproductive capacitiesin any collected area. All speciesof corasmay be harvested, provided that
thecora iscommon enough inthe collection site so that itsremoval will not causelocalized
extirpations. In some cases particul ar species should not be collected in certain countriesif they are
known or thought to be uncommon, until monitoring information demonstratesthat they occur at a
level that can support limited harvest. These same speciesmay be obtained from other countries
wherethey are more abundant.Collectors should target specieswith highlocal abundance, fast
growthrates, and highratesof reproductive replenishment, and avoid collecting specieswith low
survivability. A maximum sizeisestablished based onthe growth rate of the coral, itsabundance and
itsrecruitment potential.



4. Fragmentation to obtain small specimensfrom an adult colony ispreferable over removing theentire
colony, for speciesthat exhibit high survival of fragments, with no more than 20% of the colony
removed or 20% of the cover of aparticular speciesin each collection site. Additional fragments
should not betaken from those coloniesuntil they demonstrate compl ete regrowth.

5. A limit onthe number of boatsor the number of collectors may be necessary, based on the ecol ogical
carrying capacity of theresource and theinterestsof the community, but additional informationis
necessary beforetheselimitations can be established.

6. Collectorsshould avoid damaging other organismswhen removing aspecimen. However, if
breakage occurs, thebranches, fragments, or portions of the benthic invertebrate should be secured
near the mother colony or used for mariculture and other reef restoration projects.

7. Curio collection needsto be evaluated to ensure sustainability, asthetradetargetsbranching species
that are susceptibleto mortality from bleaching, predation, stormsand other disturbancesand the
coloniesareremoved at amuch larger size. Coralsshould only beremoved from dense aress,
prefrably withaminimum of 50% cover. Inaddition, the group recommendslimiting the size of
specimensto the same adopted for live cords, with amaximum allowable size of 25 cm.

8. Bothunconsolidated and cemented reef material can be collected asliverock, with unconsolidated
material preferable, whenavailable. Collection can occur throughout al reef environments, but removal
must not compromisethestructure of thereef, it must not convert reef habitatsinto rubblefieldsor
sandflats, and it must not lead to altered water transport patterns. Theworking group does not
recommend limiting thesize or weight of liverock materia removed, until further informationisavailable
onthepotentia impacts; however, resource areawill determinethetotd alowableharvest.

9. All collectors, middlemen, exportersand othersthat handle coral s should ensure the highest standards
tomaximizecord surviva. Thisincludes (but isnot limited to) minimizing transport time, limited
handling (avoid touching polypar surfaces), individua packaging of specimens, frequent water changes,
and limited exposureto sunlight.

10. All collectorsshould belicensed and required to maintain logbooks, ensurethat SCUBA gearisin
proper working order and diversfollow safe diving practices, and participatein training courses.

Summary of Resolutions from the Monitoring Working Group

1. Bothfishery-dependent and fishery independent monitoring isnecessary to ensure sustainable cora
harvest. Fishery-dependent datawould be obtained through mandatory logbooks submitted by each
cord fisher that includeinformation on the species, size, number of specimens, location and depth of
collection, search timeand other pertinent information. Fishery-independent monitoring needsto be
conducted using atiered approach, with aflexibledesign that may changewithtime, that isundertaken
inthe context of serving management needs.

2. Fishery-independent monitoring should be conducted at varying temporal and spatia scales, including
1) initia (one-time) country—wide scalesto map thetota aerial extent of varioushabitat typesoccupied
by cords; 2) localized assessmentsat a short-to medium timeframeto determinethe extent and type
of habitatstargeted by collectorsand their condition; and 3) detailed, periodic monitoring of individual
stesto determinethedendty, cover, Szefrequency distribution, diversity and other biological
parametersof target corals, and a so assessimpacts associ ated with the fishery and other disturbances.
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10.

A monitoring protocol should provide sufficient information to demarcateindividual collection sitesand
to assessthe status and trends of theresource, including the distribution and abundance, cover, size
frequency distribution, rates of recruitment, and condition of target coralswithin collection sites, with
comparabledataobtained for no-collection sites.

To determine asustainabl e harvest quotafor achosen species, resource managersneed to set arange
of percentagesthat coral fishers could take of standing stock, based on the biology of that speciesor a
closdly related species and surrounding conditionsin the collection site. They then would makea
conservative estimate of the population dynamicsof the speciesof interest within acollection site based
onmonitoring or existing data; set apercentagethat can be collected from that site; monitor CPUE
over time; and conduct periodic surveyswithin the collection areato assessresource status.

Exporting countries should make use of thebest availableinformation for eva uating theimpact of
potential coral exportsonwild populations asper therequirementsof CITES. If thereareinsufficient
datato determinetheimpact of agiven harvest, then exports cannot and should not be authorized under
thetermsof thetreaty. However, precautionary management measures can beimplemented by using
basi cinformation on the species’ biology or the popul ation dynamicsof similar species. Astimeand
resources permit, more datacan be coll ected through moreintensive monitoring programswhichinturn
allow adjustmentsto fishery and export controls.

All stony coralsshould beidentified at minimumtotheleve of genus, with identification to speciesfor
thosetaxaindicated by CITESasreadily identifiable, aswell asany other corasthat can easily be
identified to the specieslevel. Inaddition, al cora srecorded along transects should beidentified (at
least to genus) during baseline surveysand during detail ed follow-up monitoring to alow appropriate
management decisions, asmonitoring of only asmall group of “notable” specieswill not be sufficient to
ensure sustainable harvest (seebelow).

A detailed baseline assessment eval uating every stony coral taxon should be conducted in each
collection siteto provideinformation for the devel opment of a science-based management plan.
Detailed monitoring should berepeated oneyear after the management planisimplemented to ensure
that the adopted management measures are sufficient to ensure sustainable harvest. Provided that no
changes (or disturbances) are noted within acollection site, the detail ed monitoring could then be
conducted onceevery fiveyears. However, rapid assessments using the MA C Monitoring Protocol
should be conducted once each year, during periods when the detailed monitoring isnot undertaken.

Monitoring should be conducted by unbiased parties, including students, scientists, NGOs, and
fisheriesagencies, with assistance by cora collectors. The cost of monitoring should bedivided among
theindustry, consumersand thefisheriesagencies, with financia ass stancefrom developed countries
that arethe major importersof theseresources.

In order better understand theimpacts of removal of liverock and to devel op sustainable harvest
guidelines, basi ¢ research and monitoring needsto be conducted to determinetherate of deposition of
liverock, tthe potential quantity of the resource and the scale over which harvest occurs, timerequired
for replacement of harvested materia, theimpact of removal on associated floraand faunaand the
ecosystemn, and effectsof removal of rubble versus cemented reef substrate.

Thereisaneed for increased collaboration among scientists, resource managers, coral fishersand
hobbyiststoimprove our understanding of the biology of stony corasincluding growth, recruitment, and
effectsof habitat, environmental processes, and disturbance ontheir life history, combined with agreater
emphasison field monitoring to determine sustainablelevelsof harvest of individua speciesandin
specific areas, and to quantify and mitigate potential harvest impacts.
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INTRODUCTION

Andy Bruckner, NOAA/NMFS, 1315 East West Highway, Silver Spring, MD 20910

Cord reefs, renowned for their high diversity and productivity, arefacing increased pressureto supply the
world’sgrowing demand for food, ornamenta organismsand traditional medicines. Fishing, including coral
harvest, isthe most widespread expl oitative human activity on tropical reefsthat canleadto areductionin
the abundance, biomassand mean size of targeted species, aswell asashift in speciescomposition
(Jenningsand Polunin, 1996; Ross, 1984). Thecollection of coralsand liverock for international trade
may beasmall issueinglobal terms, but in recent yearsit hasincreased significantly and can accelerate reef
degradation, particularly onreefsthreatened by other human activities.

Corasarethemagjor reef framework congtructorsintropical environments. Most reef-building corals
exhibit relatively dow ratesof growth, but they have the potential to livefor centuriesand can achieve
immensesizes. Coralsprovidetopographic complexity and critical habitat for fish and motileinvertebrates
and arean important source of primary productivity. Theremova of live coral may reducelivecora cover
and rugosity, which may trandateinto areduced abundance and diversity of fish, including speciesutilizedin
artisanal and export fisheries(Dulvy et ., 1995).

Onceacoral dies, it'sskeletonis colonized by a gae and encrusting invertebrates and it becomes cemented
tothereef, forming part of thereef structure. Harvest of thismateria (e.g., “liverock” resultsinthenet
lossof substrate that may require decadesto centuriesor longer to replace, and isconsidered in some
countries as consumption of anon-renewableresource. Liverock providesasitefor the attachment of
reef-building cora sand other organismscrucid for continued reef growth. Also, commensal (symbiotic),
sessileorganismsessential for the health of thereef areremoved dong with therock (Maragos, 1992).

Although overharvesting of stony corals can contributeto |large-scal e changesin speciescomposition and
hedlth of the expl oited reef community, it ispossibleto develop acora fishery inamanner that minimizes
destruction to the habitat and does not negatively impact the survivorship and persistence of thetargeted
species. [nmany countriesregul ations have been implemented or are being devel oped to managethe
harvest and tradein corals. At oneextreme, thisinvolvesacomplete prohibition on takeand export, such
asthat implemented in the Philippinesand M ozambiquein responseto catastrophiclossesof livecoral
associ ated with anthropogenicimpacts (e.g., destructivefishing) or natural events(e.g., the 1998 bleaching
event). At theother end of the spectrum, countries have devel oped management plansthat allow
sustainable harvest, and have proven successful over severd decadesof harvest (e.g., Austraia).
Management measuresfor the harvest of stony coralsmay includethe zoning of reefsfor varioususeswith
aprovisonfor areasthat are off-limitsto take, an annua quota, sizelimits, and licensing of collectors.

A. Typesof coral that arecommercially harvested

Corasof commercial valuecan bedividedinto fivegroups: hard corals, semi-preciouscoras (e.g., black
cora), preciouscoras(e.g., pink, gold and bamboo corals) shallow-water gorgonians(e.g., seafans) and
alcyonarians(e.g., soft corals). Thisworkshop focused on hard or stony corals, including Anthozoansin
the orders Scleractinia(all taxa), Stolonifera(organ pipe coral Tubiporamusica) and Coenothecalia(blue
coral Heliopora coerulea), and the hydrozoan orders Milleporina (fire corals) and Stylasterina (lace corals
Sylaster spp. and Distichopora spp.). All of the speciesunder consideration arelisted on Appendix 11 of
the Convention onthe Tradein Endangered Species of Faunaand Flora(CITES).
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i. Domestic use

Hard coral saremined for usein construction of roads, jettiesand seawalls, asbuilding materids, for
production of limefor cement and the betel nut industry, and also for other industrial purposes. Coral is
mined primarily from shallow reef flatsusing iron barsto detach robust branching and massive cords.
Preferred taxainclude Porites, Goniastrea, Platygyra, Acroporaand Favia. Coral may be used as
wholecolonies, or itiscut into blocks, crushed for use asaggregate, or burned for production of lime.
Cora mining occursin Sri Lanka, the Philippines, Malaysia, Indonesia, Madives, India, Fiji and many
other countries, andisknownto result inlarge shiftsin species composition and abundance, and has
caused mgjor changesin fish community structure (Brown and Dunne, 1988). Severd countriesare
establishing dtrict regul ationsto minimizethisindustry, including completebanson harvest in someareas.
Effortsarea so underway to provide communitieswith alternative building material sand moreefficient
kilnsfor limeproduction (Dulvy et d., 1995). Asitishighly unlikely that coral mining can be sustainable,
thisactivity should be prohibited.

ii. International trade

Corasareharvested for international tradeto supply souvenir and curio markets, and for aguarium
displays, jewelry and carvings, human bone graft operations, traditional medicines, and biomedical
purposes. A small component of thetradeisalso used in scientific studiesand suppliesbrood stock for
captive-breedingfacilities.

Corasfor curiosand souvenirsare collected when aive, primarily from shallow water, by snorkeling,
wading and diving, and may beremoved with hammers, chiselsandironbars. Specimensare bleached,
cleaned and dried prior to export, and somemay bedyed; they aresold intact as*“raw cora” or
manufactured into carvings, jewdry, inlaysfor furnitureand pictureframes, or other items. A relatively
smdl number of taxaare preferred for curio markets; thisincludes branching scleractinianssuch as
Acropora, Pocillopora and Sylophora, solitary mushroom corals (Fungia spp.), and two octocorals,
Heliopora and Tubipora. Coloniesharvested ascuriosvary widely in size, but may be up to one meter
or morein diameter, are generally reproductively mature, and can be adecade or morein age. Another
concernisthat the preferred taxautilized in the curio trade arethose cora sthat are most frequently
damaged during storms, are most susceptibleto bleaching, and are often the preferred foods of
corallivoressuch as Acanthaster seastarsand Drupella gastropods. Corasharvested for curiosarea
non-perishable product that can be taken from remote | ocations and transported to export facilities at
leisure.

Cord intradeaslive specimens (primarily for aquarium displays) consist of ahigh diversity of taxaand
include branching, massive and plating species. Thefivemost commontaxainthelivetradeare:
Euphyllia, Goniopora, Trachyphyllia, Catalaphyllia, and Acropora, respectively (Bruckner, 2000).
Thepreferred coloniesaresmall insize, and in many casesmay not yet bereproductively mature;
depending on thetaxa, colonies can befrom six monthsto about fiveyearsin age. Collectionin most
countriesiscarried out by locd fisherswho freediveor use surface-supplied air; asmall number of
speciescan also be collected on reef flatsby wading. Becauseonly certain sizesand colorsare
preferred, fishersoften cover large of reef to obtain the desired species; thusharvest isrelatively selective.
Coloniesmust beremoved carefully to avoid injuring tissueand areheld inwater with minimal contact with
other corals; they must betransported to the holding facility and airport relatively soon after collection.
Areasof collection aregenerally limited to thoselocated relatively near to airportswithinternational flights
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Another component of thetrade consi stsof material reported on permitsas*” Scleractinia’ whichincludes
liverock, reef substrate, coral gravel and coral sand. Liverock isany hard reef substrate (limestone
skeletd materid of alga or cord origin) that supportsan assemblage of living marineorganisms, including
cordlineagae. Liverockisusedto create“livingreefs’ inhomeaquarium. Liverock servesasanatural
filter; theliving microrganismsremove organic wastesand stabilizethe pH and dkalinity of thewater. Live
rock also provides habitat for motile organismsand substratefor attachment of benthic organismssuch as
stony coras. Liverock may be chipped from thereef substrate in shallow water, or it may consist of loose
piecesof cora rubble. The product may be exported with minimal preparation and cleaning, or it may be
transported to aholding facility and cured through several washesto removeunsuitableorganisms. Live
rock istypically exported out of water, wrapped in moist newspaper. Reef substrate consistsof small
(generaly upto 5-10 cm diameter) pieces of reef rock with asingle attached soft coral, acolonial anemone
or other benthic organism. The organismsof value arethe attached invertebrates, but the underlying reef
substrate must be removed to minimize damageto thetargeted species. Coral sand and cora gravel are
also aminor component of thetrade reported as Scleractinia, but will not be considered in thisworkshop.

B. Potential threatsassociated with over exploitation of stony coral

Coralsandrelict reef substrate areimportant natural resourcesthat provide valuable habitat for alarge
number of associated organisms. Thisincludessitesfor the attachment of algae and sessileinvertebrates,
and structural relief that shelterscoral reef fishesand motileinvertebrates. Coralsa so contributeto reef
growth and they areanimportant source of productivity. The harvest of stony coralshas potentia
long-lasting effectson the structure and function of cord reef ecosystemsdueto their vulnerability to
overexploitation, dow ratesof growth andirregular recruitment. While other anthropogenic and natural
factorsmay resultin much more significant lossesof corasand coral reefs, extraction of coralsmay affect
the popul ation structure of coralsof interest, and may compound the effects of other stressors. Overall,
unregulated, unsustainable collection of stony coralsmay 1) lead to overexploitation, localized
extinctions, and reduced cora diversity; 2) result in reduced recruitment potential of that species; 3) cause
lossor destruction habitat for fish and other reef animals; 4) lead to increased erosion of thereefsand
nearshore environments, 5) negatively affect associated organi smssuch ascommercially important finfish
and shdllfish; and 6) contributeto user conflict between tourism, fisheriesand conservation groups.

BACKGROUND

NOAA/NMFS Office of Protected Resources conducted an analysis of theinternational tradein stony
coralsthat prompted the U.S. Coral Reef Task Forcetoidentify tradein coral reef speciesasamajor
concerntothehealth of coral reefs, especially inthe IndoPacific. Wefound that in 1997 theU.S.
imported about 80% of al livecoral, over 95% of theliverock and over 50% of the dead coral skeletons
traded internationally, and thetradeisincreasing by 15-30% each year. Whilethistrade hasthe potential
to be sustainable, these activitiesare currently contributing to the declineand degradation of coral reefs,
primarily through damage associated with cora removal and overharvesting of uncommon species. Based
onthesefindings, the U.S. devel oped abroad-based strategy to discourage the use of destructive and
unsustai nable collection practicesthat includes 1) consultation and capacity building in exporting countries,
2) increased consumer awareness; 3) improved domestic law enforcement of illegd trade; 4) active
participationintheinternationa arenato highlight cora tradeissues; and 5) the devel opment of measures
to reduce unsustainable collection of CITESlisted species, reduce destructivefishing practices, and
reduce mortality ratesof animalsduring transport and handling.
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NOAA continuesto work domestically and internationally to address problems associated with thetrade.
Weareworking toimprovetheability of cusomsofficiasto properly identify coralsin tradethrough
trainingincora identification. Towardsthisgoal, wedeveloped acora identification modulefor
IndoPecific corasininternational trade. Thisbooklet includes photos, descriptionsand akey to coralsin
tradefor use by wildlife enforcement agents, and has been adopted asthe standard identification guidefor
CITESparties. Concurrently, we are devel oping guidelinesfor the sustainable harvest of corasinU.S.
waters, including recommendationsthat could be adopted by magjor exporting countries. We convened
thisworkshop inIndonesiaduring April, 2001 to assist Indonesia, Fiji, Vietnam and other coral exporting
countriesin the devel opment of asustai nable management approach for the harvest of stony coralsand
guidancefor best collection practices. Theimplementation of the recommendationsproposed in these
proceedings should hel p promote conservation of cora resources, and ensure that the trade can continue
to provide benefitsfor future generations.

PURPOSE

The purpose of the I nternational Workshop on the Tradein Stony Coralswasto bring together
fishers, exporters, importers, government officials, scientists, environmenta organizationsand theMarine
Aquarium Council to devel op recommendationsfor the sustai nable management of stony coral resources,
best harvest practices, and methodsto monitor the resource and impacts associated with the coral harvest.

Theworkshop included asession where keynote speakers presented talks on 1) the magnitude of the
trade; 2) CITESregulationsand obligations, reporting requirementsand the non-detriment finding for
stony coralss; 3) environmental and social concerns, including information on thetaxaof coralsthat cannot
be exported to the EU and thejustification for these suspensions; 4) the proposed MAC certification
program; 5) country reportson theextent of coral harvesting (how much coral isexported, how many
collectorsareinvolved, wherethe collection takes place, how it iscollected), condition of coral resources,
management measuresfor stony coras, and major problemsand needsidentified in each exporting
country; 6) existing management plansand best collection practicesfor cora harvest and biological,
physical and ecologica parametersthat should beincluded in the devel opment of asustainable approach
to coral resource management; and 7) information needed to monitor theresource, determinean
appropriate quota, or verify an established quota.

Based on theinformation presented and the background documentsin theworkshop manual, smaller
working groups devel oped three guiding documentsthat can be utilized in exporting nationsasabasisfor
the devel opment and promotion of sustainableresource use, for meeting international obligations(CITES
requirements) and for achieving M AC certification requirements. Theworking group tasksincluded the
development of 1) recommendationsand revis onsto existing management plansto ensuresustainable
harvest of coras; 2) guidancefor best collection practices; and 3) monitoring strategiesfor collection and
no collection areas. A training sessionin cora identification, including distribution of the NMFScora
identification manua , was provided for law enforcement officialsfrom Indonesia. A group of seven certified
divers(primarily from Indonesiaand including acora expert from Fiji and the United States, aU.S.
hobbyist, and an E.U. NGO representative) a so tested the pil ot monitoring strategy in oneprovincesin
Indonesiawhere coral collection occurs (two collection sites), and began collectinginformation onthe
population dynamics of the dominant coralsin thetradefrom Indonesia, with an emphasisonthosetaxathat
were subject to trade suspensionsinthe EU.
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WORKSHOP OBJECTIVES

Thefollowing isan outline of the objectives for an international meeting on the tradein stony coralsthat
incorporates discussion points generated during meetings of the U.S. Coral Reef Task Force (USCRTF) Coral
Trade Working Group since October 1999, and subsequent consultations with stakeholders, including
international NGOs, industry, and the Marine Aquarium Council (MAC). The primary focus of thisworkshop
was on capacity building in sustai nable management of stony coral and live rock resources harvested for
ornamental purposes. It also included the development of amonitoring protocol for stony corals, guidancein
best collection practices, assistance on fulfilling CITES requirements and obligations, training in coral
identification for enforcement purposes, and possible certification standards for resource protection.

Overall Goal

To bring together a core group of people from the international community involved in thetrade in stony corals
to 1) discuss the status of the stony coral trade, environmental concerns, and existing mechanismsto regulate
the trade and conserve coral resources, and 2) develop guidance on best practicesin coral collection, resource
management and resource monitoring to ensure sustainable resource use. Participants included government
officials (Fishery Management Authoritiesand CITES Management and Scientific Authorities), international
NGOs, industry representatives, coral reef scientists, and a multi-stakeholder international organization
developing a certification scheme for marine ornamentals (MAC). Representatives from coral exporting
nations (Indonesia, Fiji, Solomon Islands, Tonga, Vietnam and Vanuatu) major importers (the U.S. and E.U.),
and countries that harvest coral for domestic use only (Australia) wereinvited.

A. Develop approachesfor sustainable management of stony coral and liverock

Cord fisheriesprovide alivelihood for many collectors and communities, but they must be managed
responsibly to maintain the function and structure of the coral reef ecosystem and to provide environmental
services and economic benefits for future generations. Various approaches to coral reef management have
been undertaken, and international trade in stony coralsis regulated under CITES through an Appendix I
listing. The CITESIisting for corasincludes arequirement that the exporting country make afinding that the
trade will not be detrimental to the survival of the species or itsrole in the ecosystem; however, information
needed for the CITES non-detriment finding is often lacking. Also, exporting countries have been unable to
incorporate an ecosystem approach to manage the ornamental trade, and guidelines for best practices have
not been fully devel oped or implemented. Thisworkshop provided participants with background information
on existing approachesto coral fishery management, beneficial attributes and limitations of these plans, and
other approachesto coral management. In afocused working group, participants synthesized available
information on coral management strategies, compiled a series of recommendations of possible measuresto
achieve sustainability in the coral fishery, and devel oped a draft management plan for acoral fishery that
could be implemented in exporting countries. Documents produced during the workshop were sent out for
peer-review, modified as appropriate based on expert input, and the final recommendations for coral fishery
management plans are presented in this document. The coral fishery management approach will be
distributed to all participants and the relevant fishery management authorities.

B. Development of best practicesfor coral collection

In addition to managing harvest levelsto avoid overharvesting, collectors must remove coralsin aresponsible
manner that minimizes collateral damage to the reef. Collectors must ensure that extraction of live rock and
removal of living corals does not 1) compromise the structure of the reef, 2) substantially reduce topographical
relief or eliminate fisheries habitat, 3) extirpate particular taxafrom an area, 4) reduce the viability of coral
populations (by removing all the reproductiveindividuals), or 5) negatively affect their rolein the ecosystem.
In addition to careful, selective harvesting of corals, corals must be collected and handled such that the
likelihood of injuriesto tissue or potential infection by bacteriaor other pathogens are minimized, and certain
taxamay beinappropriatefor any collection (dueto poor survivability in captivity). Withinitial guidancefrom
the MACs Core Collection & Fishing Practices International Performance Standards for the Marine
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Ornamental Trade a small working group developed a series of bestpractice recommendations on 1) how to
collect liverock and living corals (i.e. techniquesto minimize colony injury and reef damage); 2) whereto
collect the coral (i.e. site selection, depth, reef zone), 3) what colonies should be collected (i.e. the size of
coloniesthat should be targeted and colonies that should be collected as juveniles versus those that can be
fragmented from larger colonies), and 4) specific taxathat should not be collected.

C. Development of amonitoring protocol for stony coral resour cesin international trade

There has been considerable concern expressed by governments, NGOs and scientists that the harvest and
trade in stony coralsis contributing to the degradation of coral reefs, and trade in several of the taxathat are
in highest demand may not be sustainable at current levels of harvest. However, littleinformationis available
to verify these claims, as population dynamics and life history attributes of many of the harvested taxa are
poorly known. In addition, few studies have been undertaken to quantify the abundance of these taxa at
collection sites, and impacts associated with coral collection for ornamental purposes. The purpose of this
portion of the workshop was to develop a protocol that can be used to assess the status of the stony coral
resource, provide guidance on estimating the sustainable harvest of particular taxain trade, and determine
the impacts of coral removal on the species and the ecosystem. A focused working group, led by Gregor
Hodgson of Reef Check (who has implemented a simple protocol for assessing the affects of human
activities on the composition, structure and function of coral reef ecosystems), devel oped recommendations
for the types of information needed in a monitoring protocol that addresses the needs of coral resource
managers and coral collectorsin quantifying sustainable harvest levels. Theworkshop coordinator compiled
these recommendations into aworking group report and a pilot protocol which wastested in Sulawes,
Indonesia. The protocol should provide users with specific guidance on techniques to measure the
distribution, abundance, cover and size frequency of the dominant coral taxain international trade, and
techniques to measure impacts associated with the collection of these taxa.

D. Testingthemonitoring protocol and assessing cor al collection areas

At the end of the workshop, asmall group of coral biologists, collectors, government officialsand NGO
representatives examined coral collection sites and conducted assessments to determine the distribution,
abundance and population dynamics of the stony corals within these sites. The intent of this exercise wasto
determine whether the monitoring protocol isfeasiblefor application in thefield, and whether it provides
sufficient detail to meet a countries information needs for management and for making a non-detriment
finding asrequired by CITES. Secondarily, this served as apilot project to assess the condition of coral
resources in areas targeted by collectors, and obtain preliminary data on the status of several key coral taxa
that form a significant portion of the trade from Indonesia, but are thought to be uncommon and in trade at
unsustainable levels. These surveys provide realistic information on the numbers and size of coloniesthat
can be sustainably collected, while preventing overharvesting and minimizing damage to associated reef
organisms. The focus of this exercise was to collect data on the abundance of the seven coral taxa that can
not currently be exported to Europe due to trade restrictions. Importing countries have expressed concern
regarding the quota by Indonesia assigned to these corals, and yet there have been suggestions by local
scientists that these corals are much more common than previously reported and they can sustain take at
levels provided for in the Indonesian quota.

E. Coral identification

All stony coralsarelisted on Appendix Il of CITES. The CITESIisting requires, among other items, that
shipments contain an export permit listing the taxa in trade and volume of each taxa. Coral shipments are
verified by law enforcement at the point of export and by the importing country. In order to build capacity in
coral identification, and reduce the likelihood that a coral shipment isrefused at the port of entry because of
improper identification and reporting, one component of theworkshop involved abrief training sessionin
coral identification. A slide show will be presented on taxonomic features used to differentiate corals, and the
use of a CITES identification manual developed in the U.S. that is specific for coralsin trade. Participants
then visited two coral exporting facilities; they each received the CI TES identification manual for coralsand
had the opportunity to practicetheir identification skillsonlive coral specimensusing thismanual.
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Terms of Reference for Working Groups

The participantsweredivided into three working groups, M anagement, Collection, and Monitoring, based
ontheir expertiseand interest. Each working group had one or two facilitatorsthat were given aseries of
guestionsto addressregarding the harvest and tradein stony coras. Thefacilitatorsled thediscussion and
compiled aseries of recommendationsfor best practices, relying on information presented by the speakers,
background materia sincluded with theworkshop bookl et, existing or proposed management approaches,
and the expertise of the partiicpants. Theserecommendationswere devel opedinto preliminary working
group reportsthat werecirculated to al participants after theworkshop, and all commentsreceived were
incorporated into thefina documents by theworkshop organizer. Thefollowing questionswere posed to
theworking groups.

Management Working Group
1. Who should be regulated by a Coral Fishery Management Plan?

2. Should we manage the coral fishery on an ecosystem, single speciesor ‘corals basis?

3. What type of information is necessary for the deviopment of a coral fishery management plan?

4. How should a coral collection area be divided (e.g., should the reef be zoned for various
consumptive and non-consumptive uses)?

5. What role does coral mariculture, aguaculture and restoration play in management of a coral
fishery?

6. What types of ecological, social and economic objectives should a management plan address?
7. Who should be involved in the development of a management plan for a coral fishery?

8. What collection guidelines are needed in a management plan?

9. How many coral fishers should be allowed to collect coral in one area?

10. Isa quota is necessary to regulate coral harvest?

11. How do you establish areas where collection is allowed?

12. How do you measure the effectiveness of a management plan?
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Collection Working Group

1. How should stony corals be removed?

2. Where should stony coral collection occur?

3. What species and sizes of stony corals should be authorized for collection?

4. When should collectors remove whole col onies versus portions (fragments) of colonies?
5. How many collectors should operate in one area?

6. What should collectors do if they inadvertantly break non-target corals?

7. What type of collection requirements should be established for corals collected for curios and
should this differ from requirements for live aquarium corals?

8. What type of collection requirements should be established for live rock?

9. What guidelines should be established to improve live coral survival post-collection?
10. What handling guidelines are necessary for live rock?

11. What other obligations and reporting requirements should collectors have?

12. What is needed to improve compliance with the proposed collection guidelines?
Monitoring Working Group

1. What type of monitoring should be conducted for the live stony coral fishery?

2. At what scale should fishery-independent monitoring be undertaken?

3. What type of information should a monitoring protocol for anindividual collection site provide?
4. What type of monitoring information is necessary to set harvest quotas?

5. What monitoring approaches are needed to meet CITES requirements for export?

6. What level of taxonomic specificity is necessary for field monitoring of
collection sites?

7. How often should monitoring occur?
8. Who should be responsible for conducting monitoring and covering costs of monitoring?
9. What type of monitoring should be required for harvest of live rock?

10. What biological information on coral speciesis currently missing to complete the knowledge
that will be gained from the monitoring of commercially harvested reefs?

11. Summarize the steps that should be taken when conducting monitoring, and discuss possible
monitoring protocols.
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Sustainable Management Approaches for a Stony Coral Fishery
Report of the Management Working Group

I ntroduction

Themaor task of the M anagement Working Group wasto discuss many of theissuesthat would need to
beaddressedinaformal ‘ Management Plan’ or set of * management arrangements’ for acoral collection
fishery ineach country. In most cases, Queend and’s management arrangementswere cited asthe model
most gppropriateto deliver sustainable and conservative management of cora collectionfisheries. There
wererepresentativesfrom Indonesia, Vietham, Philippines, Vanuatu and Augtraliaon the Management
Working Group. Inall cases, all countries participating in the Working Group discussionswereableto
agreeto aset of resolutionsthat werereached, and indicate that they werelargely achievableintheir
country.

Thefollowing report providesan overview of theresolutionsthat werereached, the basic questionsthat
were posed and the discussion that took place under eachissue prior to formulation of an associated
resolution.

1. Whoshould beregulated by a Coral Fishery Management Plan?

Regulationsand restrictions can be placed at any level inthefishery process- from collecting corasto
their export. Themanagement toolsthat can beused at eachlevel differ, and complimentary arrangements
can be established that Ssmply and effectively achievethe desired objective of theregulation. The
identified level sare described bel ow.

Ecosystem level —includesrestrictions on the activitiesthat can occur within an ecosystem, or within
defined collection or species-specific areas, that will affect al users(for example: anchoring regulations
withinan areawill affect all users, regardlessof theactivity they are participatingin).

Fisher level —includesrestrictionsonthe activitiesthat can be carried out by the commercial fisher
only. Thismay includearequirement to hold afishing licence or to comply withsizelimit or individua
guotarestrictions. Restrictions such asthesewould gpply to theindividual fisher, and al fishers
participatingin cord collection.

‘Middleman’ or Wholesalelevel —includesrestrictionsthat will impact on the person who buys
cora fromthefisher, and sellsit onto the exporter. 1nsome countriesthismay bea sothe‘wholesaler’
who suppliesretail outletswith product. Restrictionsthat may beusedinthislevel may includea’buyer’s
licence', regulated transport requirements, and specific reporting of product.

Exporter level —includes management restrictionsthat will impact coral exporters. Where CITES
listed speciesare being exported, regul ationson the export of coral isrequired by the convention
Restrictionsimposed at thislevel may include requirementsto hold an export licence, specific export
reporting requirements, holding premisesor transport requirementsand product audit requirementsto
enablelega establishment of the chain of custody from collector to exporter. (assuming it exists)
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In most countries, regulations at the collector level werenot evident. Inmany cases, the number of
participantsat thefishing level wasnot known and possibly consisted of alarge number of peopleat a
range of locationsacrosseach country. It wasfet that Indonesiaand Vietnam may havedifficulties
implementing effectiveregulationsat thislevel. It wasrecognised that compliance capability inregiona and
remoteareasin many communitieswould below, if present at all.

Marinetenurearrangementsin Fiji, Solomon, Vanuatu and Tongarecogni sescommunity ownership of
marineresources, andloca level management in these countriesisthe responsibility of community leaders
and elders. Therefore management in these countries occursat thefisher level to someextent. The
community hasan ability to prevent non-community participation and may aso have an ability toimpose
agreed standardsor protocolson community membersinvolvedinthecoral collectionfishery. Itis
probable, inthese countries, that the management agency or authority would be different and reflective of
these communal arrangements, as opposed to other countrieswhere government would be expected to
assumethelead role. In countrieswheretenure and access hastraditionally been administered by the
community, it may bethetraditionally recognised community structuresthat areimposing restrictions.

Other countriessuch asthe Philippinesand Australiado managefisheriesat the collector level. Inaddition,
Australiamanages at the ecosystem level through Great Barrier Reef Marine Park zoning arrangements, and
permit and licensing requirementsfor al reef-based extractive and non-extractive activities.

Resolution: Coral fishery management should occur at all levels (ecosystem, collector/fisher,
‘middleman’ and exporter) to achieve conservative management approaches that can be validated
and enforced. Thiswill provide a variety of management mechanisms to ensure that corals and the
ecosystem on which they depend are being adequately protected and sustainably utilised.

2. Do we manage on an ecosystem, single speciesor ‘corals basis?

Management plans or management arrangements can beimplemented to protect only sSingle species, a
group of species, or awholeecosystem. Currently, most countries appear to manage those speciesthat are
CITESIisted (stony corals, or scleractinian corals) so that export approval can be granted that isconsistent
with CITESrequirements. Thisisa‘minima’ management approach and probably doesnot satisfy basic
protection or sustainability issues associated with the ecosystem requirements of stony coral species.
Further, soft coralsarenot CITESlisted, however they make up asignificant proportion of the organisms
collected to satisfy exportsfor seawater aquarium markets.

A number of other impactsto coral reef environmentswereidentified that either currently significantly
impact on coral reefs, or have agreat potentia toimpact on cora reefsin coral exporting countries.
Further, it wasidentified that in many casestheseimpacts may be causing far greater negativeimpactson
coral reef environmentsthan cora harvesting. Theseimpactsinclude:

- blast fishing;

- cyanideand other chemical fishing;

- cora extractionfor building and other uses,

- crown-of-thorns starfish outbreaks;

- bleaching; and

- severe storm, cyclone and other natural episodic damage.
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It was questioned (noting that theseimpactswere aready occurring) whether coral collection should beable
to continuein aready degraded areas, given that the cumul ative effect of theseimpactsfar outweighsthe
expected impactsfrom cora collection. CITESrequiresthat “export will not be detrimental to thesurvival
of thespecies’ and exportsof coral will belimitedto maintainthem*at alevel consistent withitsroleinthe
ecosystemsinwhichit occurs’. It may beargued then, that allowing coral collection to continuein areas
already degraded by other impacts (anthropogenic or natural) isnot cons stent with CI TES management
requirements.

Management at an ecosystem level isaready occurring to somedegreein some coral exporting countries
(Vanuatu) andis proposed for Indonesiathrough their Environment Department. However asystematic and
holistic approach to ecosystem management isnot being undertaken in most countries.

It wasidentified that ecosystem management requiresahigh level of monitoring and may incur greater costs.
Thismay be adisadvantage of an ecosystem management approach. However the short-term costs of
adopting ecosysterm management may be offset by advantagesgained for all stakeholdersfrom abetter
understanding of theoverall ecologica health and productivity of reef systems, particularly if all stakeholders
sharethecosts. It was recogni sed however, that monitoring and research on asingle coral species, or group
of identified species, iseasier intermsof time and coststhan ecosystem monitoring.

Giventhepotentia effect to coral reefsfrom natural impacts such ascrown-of-thorns, bleaching or cyclone/
storm events, flexible arrangements need to beimplemented that are ableto takeinto account these
concernsand ensurethat timely adaptive management occurs. Management response should takeinto
account the severity of thenatural impact and have an ability to assessdamageand likely sustainability issues
arisngfromfurther collectionactivities.

Resolution: The coral collection fisheriesincluding associated fish and invertebrate species need to
be managed in a holistic manner, recognising that it may be difficult to monitor ecosystem impacts.
Arrangements need to be flexible and able to take into account other impacts to coral reefs.

3. Fishery dependent infor mation

I n addition to independent research and monitoring information, it wasrecognised that fishery dependent
informationisalso required for effective ongoing monitoring and assessment of cord fisheriesand their
dependent ecosystem components. While the group devel oped no formal recommendation, various
concernswereraised regarding the ability for many countriesto promotefishery dependent logbook
information. Catch, effort andlocationinformationiscritica for ongoing fishery assessment, andis
recommended asanimportant source of management information for all countriesexporting or collecting
cordl.

4, Zoning, or spatial coral management

Zoningisusedwiddy to spatially or temporally separate uses, or user groups, in the marine environment.
Theuseof zonesand *protected areas’ or sanctuariesassistsin minimising conflict issuesand hasbeen
demonstrated to have beneficia effect on exploited and unexploited species and the preservation of
biodiversity.
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Many countriesexporting coral aso rely ontourismasamajor source of revenue. Tourismand cora
collection activitiesdo not easily coexist andin many places patial separation of these activitieshas
occurred (eg. in Bdi, cora collectionfor buildingisprohibited).

Variouszoning and ‘ protected areal arrangementsarealready implemented in coral exporting countries.
Theserangefrom small scale protected areasonly in‘ National Park’ areas, to ‘ protected areas’ where
small scalecallectionisauthorised to occur. Many of thesearrangementsare not adequately enforced, as
compliance capability in some countriesislow, particularly in remote areas, where protected areas often
tend to belocated.

The protection of areasfrom coral exploitation wasidentified asabeneficial management principle. It was
recognised as providing refugiafor adult spawning coras, enabling them to serve asasource of recruitsto
exploited aress.

| dentified areas specifically set asidefor cora collection may provide benefitsand promote sustainability of
coral fisheries. Benefitsof such an approach mightinclude:

- maintenanceof biodiversity;

- avallability of significant amount of reef asasource of coral replenishment and recruits;

- provisionfor focused monitoring and research on coral exploitationinthe specificlocations;

- increased capacity for compliance and enforcement. Resources can be directed into specificlocations,
- conflict minimisation between varioususer groups (particularly tourism).

Flexiblearrangementsare necessary to alleviatetheimpactsfrom natural influences (bleaching, storm
damage, crown-of-thorns), and acareful selection processin consultationwith fishers, local communities
and other stakeholderswould becritical in the success of such management initiatives.

Coral areasmay beidentified for aspecific quotaand support anumber of collectors, or may beona
smaller scaleand support collection by one operator only.

Resolution: The preferred management strategy would be to identify defined coral collection areas
on a broad reef scale, (or smaller reef scale), and restrict coral collection activitiesto those areas
only.

5. Roleof coral mariculture, or reseeding coral

Itisrecognised that the emergence of cora cultureand restocking may assist to aleviatethe pressureon
wildstock resourcesfor some speciesand may, properly managed, provide sustainable skill-based
economic opportunity and foster increased resource stewardship. However, it was al so recogni sed that due
to high labour costsit may remain unviablein some countrieswhere there are strict aquacultureregul ations
or where, for examplein Austrdia, other i ssues such as maintenance of World Heritage Valuestake
precedence.

Whilecoral cultureand reseeding, in appropriate areasand circumstances are activitiesto beencouraged it
needsto be recogni sed that mariculture, in open systems, doescarry withit alevel of risk and should not be
seen asasubstitutefor theineffective management of wildstock cord collection. Thereare unresolved issues
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Thereare unresolved i ssues surrounding reseeding, such asgenetic trand ocation, and possibleloss of
biodiversity and ecosystem resilience. Prudent wildstock management will berequired to manage
emerging cultureactivitiessuch asbroodstock collection, spat collection, and location of culturesites.

Resolution: Each country keep a watching brief on the development of coral culturing technology
and evaluate how it might compliment the wildstock management arrangementsin placein
accordance with the management objectives of each nation.

6. Objectivesof management

All plansmust have clear objectivesthat describe the desired outcomesfrom the implementation of the
plan. Each management initiative must go part of theway to delivering aspecific objective, and the overall
package of management strategiesshould aimto achieveall the objectivesoutlined inthe plan.

Idedlly, the strategiesfor meeting the obj ectives should be ableto be measured. However, thisisoften
difficult and requires sophisticated monitoring and assessment programs.

Thebenefitstoindividua sand thecommunitiesrelying on cord fisheriesareimportant. Communitiesmust
be abl e to recogni se the benefits associ ated with good management toinfluence their behaviour, promote
asense of stewardship and generate voluntary compliancewith the management plan. Implementation of
coral collection best practisesusing standards devel oped by the Marine Agquarium Council (MAC) or
using other standardsthat may satisfy Marine Stewardship Council (M SC) certification may reduce
wastage, create better market opportunities, and positively influence pricesavailableto both fishersand
marketersat export level.

Objectivesfor the management planfor cord fisheriesmust addressthefollowing:

- Ecological, environmenta and habitat i ssues so asto ensure adequate maintenance and protection of the
integrity of coral reef ecosystems.

- Socid and human impacts so that benefitsavail ablefrom the cord fishery areoptimisedand are
effective over thelong term. Benefitsmay accrueto individual sassociated with the coral fishery, or to
the community and associated industriesrelying on coral fisheries.

- Economic and financia issues associ ated with thefishery to optimise the economic benefitsassociated
with accessing coral resources.

Resolution: Objectives of coral fishery management must ensure that the exploitation of corals
for both international and domestic markets is undertaken without detriment to the ecosystem or
its component species. Management must enable the participation of all stakeholders and enable
the equitable distribution of benefits.
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7. Consultation requirements

Consultation with stakehol ders on theimplementation of appropriate cord fishery management
arrangementswill provideanumber of benefitsincluding:

- promotion of asense of community ownership over the outcomesand the devel opment of asense of
stewardship;

- incorporation of the best availablelocal information on coral reef environmentsand loca usersand
impacts;

- better community understanding of the need for cord fishery management arrangements, and

- better understanding and acceptance of the management initiativeswithin the community and the
stakeholders.

Itisrecognised that end usersareimportant; that they arethe personsdriving demand and that their active
support for appropriate ecol ogical ly sustainable management arrangementsisboth highly desirableand
advantageous. Thisisviewed asahighlevel objectiveand, if itisto beachieved, it requirescoordinated
international action and consumer education

TheWorking Group identified relevant stakehol derswith whom consultation should be carried out when
preparing amanagement planfor thecoral fishery. Theseincluded:

- Government —fisheries, environment, loca, trade, industry, lands, compliance personnel
(ienavy, fisheriespatrol, rangersetc), legidators, mining, agriculture, public works, education;

- Non-Government Organi sations—environmental and business;

- Collectors, fishers(including food fish stakehol ders);

- Industry associations,

- Tourism;

- Traditiond |eaders/indigenouscommunity members,

- Post harvest sector/ processing (middleman);

- Rdigiousleaders,

- Local medig;

- Scientistyresearchers; and

- Consumers

Resolution: Consultation with relevant stakeholders, appropriate to the level of the issue, needsto
be undertaken when devel oping a management plan for the coral fishery. Consultation needsto be
transparent, well organised and well planned.
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Specific Coral Fishery issues
8. Collection and post harvest methods

Collection of coral should only be undertaken using approved non-destructive methods. Encouragement
for industry to develop a‘ codeof practise’ should occur, and relevant government agencies should
consider endorsing thecode. All countriesshould work towardsatraining regimewhere collectors
becomelicensed or certified. Post-collection handling should be considered asapart of this‘ code of
practise’ to maximisesurviva of cora and minimisewastage asthiswill have both economicand
environmenta benefit.

9. Number of fishery participants

Inmany countries, the number of people participatinginthecoral fishery arenot identified, licensed or
limitedinany way. Inworking towardsimplementing regulationsat al levels, licensing of collectorsis
paramount in progressing management arrangementsto ensure sustainable coral fisheries.

Thenumber of fishery participants can belimited by anumber of methods, including:

- [imit the number of boatsthat are permitted towork inacoral collection ares;
- [imit the number of peoplethat are permitted towork inacoral collection area; or
- limit theindividual peoplewho are permitted towork inacora collection area

Thedevelopment or implementation of aquotafor acora collection areaand any limitation on the number
of collectorsneedsto belinked with theecological carrying capacity of thecoral collectionarea. Further,

the socio-economic and cultural requirementsof collectorsand dependent communities needsto betaken
into account when deciding the number of peoplethat the coral fishery can sustainably support.

Resolution: That some form of limitation to the number of coral collectors and the amount of
coral that can be collected occurs. This needs to be appropriate to the ecological carrying capacity
and social objectives for the coral collection area and the community. A precautionary approach
must be considered if definitive information is not available on the ecological carrying capacity of
the area.

10. Coral quota

Quotawas used by some countriesasthe primary management measurefor their cord fisheries(Indonesia,
Austraia). Other countriesdid not have any quotaor limitation in placefor collection or export.

Export quotasare not considered to be an appropriate management measure to ensure sustainability of the
reef ecosystem. Asthe Working Group discussed, export quotas do not necessarily limit collection because
they do not reflect, and are not inclusive of, thewastage and mortality of coral between collectionand
export. If quotaisto beused asthe primary management control, then it isstrongly recommended that the
guotareflectsthe actual amount of coral that iscollected fromthe reefs.
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1. L ocation of coral areas

Thelocation of cora collection areas need to be defined in consultation with thelocal community. In
many circumstances, community memberswill haveintimate knowledge of theloca environment and
other user-groupsthat utilisereef resourcesintheir locality. Theability to enforce collection areasshould
also betakeninto account and in many instancesremotelocationswill bedifficult to enforce.

Geographical rangeof coral collection areas must support the species being demanded by the coral
market. Some coral areasmay be developed for certain speciesonly, to ensurethat the market isbeing
suppliedwith therequired cord speciesat an ecologically sustainableleve.

Thelocation of coral collection areas should consider sustainability of sitesand takeinto account known
anthropogenicimpactsand previousor ongoing impactsfrom storms, bleaching or crown-of-thorns
starfish. Idedlly, cord reefssuffering from theseimpacts should be protected from collectionto allow
recovery to occur. Siterotation may beaviable management option.

12. Referencepoints, or trigger points

Referencepoints, or trigger pointsare used in management planning to measurethe objectivesof theplan
and management effectivenessin maintaining theresource. A management planfor cora fisheriesshould
identify reference pointswhich may indicate that thefishery may beapproachingitssustainablelimits. A
management plan may alsoidentify other reasonsto trigger areview such asmajor bleaching eventsor
storm damage or other non-anthropogenicimpacts.

For example, the catch per unit effort (CPUE) may over aperiod decreasefor aparticular species, and
may hit apredefined ‘ reference point’ which triggersthe management agency toinvestigatethedecline. It
isimportant that other information (including fisher anecdotal information) isusedto vaidatethereference
point, as sometimes such CPUE decreaseswill not indicate adeclinein the abundance of the species.
However if atrigger point isreached agreed actions should be taken. | deally actionstaken should be
pre-negotiated. In coming to agreement on reference or trigger pointsit isimportant to consider what
actionwill betaken, how it will betaken and most importantly whenit will betaken.
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Collection Guidelines for Stony Corals and Live Rock

Report of the Cora Collection Working Group

Introduction

Themaor task of the Coral Collection Working Group wasto devel op guidelinesfor cord collectionthat
1) can help prevent overexploitation of harvetseted taxa; 2) ensurestheviability of coral populations;

3) minimizesdamageto the coral reef and associated organisms, and 4) maintainsthe speciesat alevel
congistent withitsrolein theecosystem, including the creation of habitat, apotetntial food source, and
contributionto reef accretion. Theseguidelineswere developed based on existing collection techniques,
current lawsand regul ations, recommendationsof cora reef scientistsand environmenta groups,
proposed requirements of the Marine Aquarium Council’s certification scheme, and the expertiseof the
working group, which included scientists, cora collectors, cora exportersand hobbyists.

Thefollowing report providesan overview of the resol utionsthat were agreed upon, based uponthebasic
guestionsthat were posed by theworkshop coordinator. 1nsevera cases, working group consensus
could not bereached, partialy because of differencesin experience and variationsin existing regulations
within cord collection countries.

1. How should thecoralsberemoved?

Theonly toolsthat should be used for collection are onesthat are recognized to effectively remove
appropriate coral specimensand which produce minimal damageto thetarget species, associated
organisms, and thesurrounding coral reef structure. Theseinclude pinch bars, small hammersand chisals,
and snippers (Scissors, tc.).

Therewill beabsolutely no uprooting or breaking apart of large or parent coloniesin order toobtainideal
or smaller piecesfor sae.

Glovesshould not be used for collections asthey may abradethe cord. Furthermore, we believe use of
glovesto promotethelikelihood that unnecessary or overly damaging collecting behavior may result,
including uprooting or careless separation of fragmentsthat cause excessive damageto the parent colony.

Resolution: The preservation of coral reef framework and non-target benthic invertebratesis
essential inall collection activities. Collectors must avoid breaking apart larger colonies or
dislodging or damaging corals or other invertebrates |ocated in close proximity to the target coral.

2. Whereshould coral collection occur ?

Corasthat areprefered for home aquariaoccur in reef environments, aswell asgrassbedsand soft-
bottom habitats. Atthistime, al sites, habitats, and reef zones are deemed appropriatefor collection
based on habitat typeaone. Thisensuresahigher diversity of growth formsand species, spreads
collection throughout the reef and associ ated environments, and reduces harvesting pressuresinindividual
locations. Theonly exceptionwill bethat coralsshall not be collected from thereef crest, asagquarists
cannot feasi bly duplicate thewave energy to which these coloniesare exposed, and thisresultsin
unacceptablelevelsof mortaity for collected specimens. Inaddition, itisimportant that specific areas of

each habitat typeareclosed to coral collection.
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Atthistime, itisrecommended that collection be made, where possible, in areas of dense coral growth or
where competition threatensthe existence of agiventarget species. Collecting from areasof isolated cord
growth will be permitted until monitoring can assessthat limitation or prohibitionisrequiredinsuch areas, or
if other factorslisted herein are not met. If information existsthat deems such areasare not suitableor
feasiblefor collection, no collection shall bealowed.

Severa countrieshave sugggested to limit coral collection activitiesto shallow water by alowing only the
useof snorkeling gear. For instance, in Tongacollectioniscurrently allowed only inoneor two zones. Yet,
anumber of preferred taxaarefound only in deeper depthsand thisapproach concentratescollectionina
limited areawhich may cause gfreater environmental impactsthan acollection areathat encompassesa
broad horizontal and vertical range. At thistime, thereisno recommendation astolimiting collectionfor
targeted speciesto snorkeling depthsonly. However, itisimportant that collectorsfollow safediving
practices (seebelow), and diverslimit collection of speciesto depthsof 25 mor less. Deep-water
collections(>25m) should be subject to limitation or prohibition, dueto thedifficulty of determining
sustainable harvetslevelsor obtaining monitoring data of the statusand trends of theresource.

No recommendations are made from thisworking group regarding closure of asite. 1t wasdecided that
thisisanissuemore appropriately determined by management and monitoring working groups. However,
it should betheresponsibility of the collectorsto notify appropriate groups, people, or authorities of the
condition of collected areas, especidly if the condition of theresource has changed substantially from prior
vidits, or if impactsor activitiesare noted which may jeopardizethe structure or function of thereef. Also,
collectorsshould refrain from collecting in an areathat hasbeenimpacted by arecent disturbance.

Resolution: Collection can occur in all habitat types, including reef flats, reef slope, fore reef and
back reef environments, grassbeds, lagoons, and deeper soft bottom communities, with collectors
targeting areas of dense coral growth and avoiding isolated coral colonies. Within a collection area,
specific sites should be established for coral collection with certain areas being off limitsto
collection to serve as a refuge,as brood stock, and to minimize user conflicts. Stes that are closed to
collection should include a portion of all representative habitat types and include all target species.
Collectors can use snorkel, SCUBA, or hookah diving, provided that the collectors follow dive safety
guidelines. Collection should be limited to 25 m depth, as deeper depthswill be difficult to monitor,
assess collection impacts, or determine sustainable harvest levels.

3. What typesand sizes of coralsshould be collected?

Theworking group does not recommend aprohibition on thetake of any speciesof cora at thistime,
however itisrecommended that collectorslimit the collection of those speciesthat arerare or do not
survivewell incaptivity. Several groupsaredevel oping listsof suitableand unsuitable species, and this
issuewill haveto bereevaluated. It may beappropriate, after further investigation, to reducecollection
pressure on some speciesthat are currently regularly collected and made avail ableto the genera market
by being made available only by special order. Thismay be an effective meansof both limiting harvest
pressureson rare speciesor speciesthat havelow survivability in captivity, whileensuring availability of
specimensfor scientific use, in furthering advancesin husbandry technique, etc.

Inan effort to diminatewastethrough* box stuffing”, substitutions, or unrequested collections, only coras
that are ordered should be collected or made available.
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Intheinterest of preserving theresource asawhole, and for thelong term ecol ogical sustainable
development (ESD) of thistrade, itisrecommended that speciestargeted for collection havehighlocal
abundancesinthecollection site, fast growth rates, high ratesof reproductive replenishment, and high
survivorship during collection, handling, and export.

Speciestargeted for collection shall be considered and be periodically updated asto their ability to be
successfully used for end use purposes. Severa speciesareidentified for having low survivability inaquaria,
or may havesurvival issuesthat need to be addressed. Thisincludesthefollowing corals. Heliofungia
actiniformnis, Stylaster spp., Distichopora spp., Goniopora spp., Tubastraea micranthus.

Two examples of end-use problems arising asaresult of trade are Goniopora and Catalaphyllia. Most
speciesof Goniopora spp. havelow survivability in captivity in most importing countries, but some, such as
G. panadoreaensisarereported to survivein some cases. Catalaphylliajardenei isgenerally extremely
easy to maintain, but specimensfor certain countriesare recently showing physical sgnsof unknown
etiology that severely compromisestheir health. High quality specimensof this speciesarecurrently being
exported at low level sfrom countries such as Tonga, and these should continueto be avail able provided
that they are sustainably harvested. In such cases, management and monitoring activitiesare needed to
ascertain thenature and location of the problem, and the species should be prohibited for export from
specificlocations, especidly when sgnificant harvesting pressuresare present.

In addition, speciescollected for thelive cora trade generally knownto haveahighrate of mortality
resulting from collection and/or transport, or alow rate or probability of long term successin an aquarium,
shall beconsidered for potential limitation or prohibition of harvest. Whilecommon, fast growing branching
corasaregenerally preferableto collect over thelesscommon, infrequent recruiting massive coral species,
thesetypesof coralsshould aso be subject to limititationsif exporters are unableto demonstrate that the
specieshas an acceptable rate of survival during shipping. For instance, both Acroporaand Stylophora
coloniesexported from Tongaarereported to have low survivability during shipping, and even specimens
that are dightly damaged or bleached are rgected and discarded (A. Petelo, Tonga Fisheries, 2002).

Speciestargeted for collection shall be consdered asto their life history and abundance. Limitationson
levelsof colection or complete prohibitionsof certain species may become necessary in thefuture based on
information ontheir local abundance. These prohibitionsshould extend only to specific collection sitesor
countries, whilethe speciesmay still bein tradefrom other locationswhere they areknownto bemore
common. Monitoring plansareessentia to provideinformation on speciesfor whichthereissignificant
harvesting pressureand little scientific knowledge of their respectivelife history or abundances. In
particular, monitoring dataare required to ascertain theabundancesof  severa highly targeted speciesthat
arecurrently believed to berare. Thisincludes: Euphyllia spp. , Nemenzopyllia turbida, Cynarina spp.,
Plerogyra spp., Physogyra lichtensteini, Catalaphylliajardinei, Trachyphyllia geoffroyi,
Trachyphyllia (Wellsophyllia) radiata, and Hydnophora spp.. The European Union (EU) recently
prohibited imports of thesetaxafrom Indonesia, dueto concernsthat they arerare and are being traded at
unsustainablelevels. However, the EU recently (May 2002) lifted the prohibition on E. ancora,

E. glabrescens, T. geoffroyi and Hydnophora spp. inresponseto areductioninthe quotaand new
information on the abundance of thesetaxa

Sizeclassesfor collectionshave been designed to facilitate coll ection and transport, ensure marketability,
minimizereef impact, and maximize acontinued presence and reproductive capacity. Currently, Indonesia
has established amaximum allowablesize of 15 cmfor dow-growing coralsand 25 cmfor fast-growing
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coras. Whilethe Working Group recommendsthat collectors primarily take corasonly withinthesesize
classes, they recognizethat asmall portion of their coralsmay belarger, tofill special ordersfor educational
purposes, medical useand/or public aquaria. Special ordersfor specimenslarger than the recommended
maximum sizes should be dealt with on acase by case basisand must be coordinated with the governemnt
agency intheexporting country responsi blefor managing the cord fishery. Farmed or cultured coralsmay
be provided at any size, provided that they survive shipping.

Theworking group designatesthe maximum size of wild-harvested cora sasfollows:

1.

2.

M assive and submassive cora s— 15 cm maximum diameter

Branching coras—25 cm maximum branch length or colony diameter. Itispreferablethat
branches be collected from mature coloniesrather than collecting smdll, reproductively
immature colonies. Thegroup noted that most targeted branching coralshaveare atively high
abundanceand high rates of recruitment , and collection of smaller individual s does not appear
to currently pose athreat to the resourcein those areasthat have not been impacted by
bleaching, Acanthaster outbreaks, storms, or other disturbances. Assuch, smaller colonies
may still be collected in areaswith over 30% livecord cover. Itisalso recommended that any
cora fragmentsbroken during anchoring or other activitiesbe used as collections or replaced as
noted in our protocol for managing broken or damaged colonies.

Plating and foliose cora s—25 cm miaximum diameter acrossthe upper, polyp-bearing surface
of aspecimen. Other conditions should bethe sameasfor branching corals.

Special considerationismadefor certain specieswhich arehighly targeted for collection and
which do not fitinthe abovegroups. Inlargecoloniesof Euphyllia spp. , no morethan one
specimen may beremoved from anindividual colony and the size shall be 25cm maximum
acrossthe upper polyp-bearing surface. For other uncommon corals, including Nemenzopylilia
turbida, Plerogyra spp., Physogyra lichtensteini, Catalaphylliajardinei, Trachyphyllia
geoffroyi, Trachyphyllia (Wellsophyllia) radiata, amaximum size of 15 cm isrecommended.

Solitary corals—many species such as Cynarinalacrymalisand Scolymiararely exceed 20-
25 cminmaximum diameter, while certain fungiidsmay grow much larger. Giventherarenature
of Cynarinaand Scolymia, maximum colony size should not exceed 10 cm. For the Family
Fungiidae, amaximum alowablesize of 15 cm acrossthe maximum length or diameter of the
upper, polyp-bearing surface of the species.

Resolution: Speciestargeted for collection should be considered so as to maximize their continued
presence and reproductive capacitiesin any collected area. All species of corals may be
harvested, provided that the coral is common enough in the collection site so that its removal
will not cause localized extirpations. In some cases particular species should not be collected in
certain countries if they are known or thought to be uncommon, until monitoring information
demonstrates that they occur at a level that can support limited harvest. These same species
may be obtained from other countries where they are more abundant. Collectors should target
species with high local abundance, fast growth rate, and high rates of reproductive
replenishment, and avoid collecting species with low survivability. A maximumsizeis established
based on the growth rate of the coral, its abundance and its recruitment potential.
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4. Should collector sremove only whole coloniesor portionsof colonies?

Certain branching and plating cora speciescan befragmented, with ahigh surviva of the remaining parent
colony and thefragments. Theworking group recommendsthat collectorsremovefragmentsfromlarge
branching and plating colonies, rather than removing whole small colonieswhen possible.

Inall cases, only asmall percentage of aparent colony may be harvested, and further harvest from that
parent colony may not occur until healing or regrowth from previous collectionshasoccurred. Injury
mitigation from fragmentation, such asby using epoxy or cyanoacrylateto discourage opportunisticinfection
of fouling by epilithic organisms, should beencouraged.

Resolution: Fragmentation to obtain small specimens from an adult colony is preferable over
removing the entire colony, for species that exhibit high survival of fragments, with no more than
20% of the colony removed or 20% of the cover of a particular speciesin each collection area.
Additional fragments should not be taken from those colonies until they demonstrate complete
regrowth.

5. How many collector sshould beallowed to removecor al in onecollection area?

Theworking group recognizesthat certain countries (Australia) havelicensed particular collection Sitesto
individual collectors, whilemultiple collectorswork in one collection areain other countries (Indonesia).

No recommendation ismadeto limit the number of collectorsper site. Collectionimpact, provided that
other guidelinesarefollowed herein to ensure ESD, should belargely independent of the number of people
working at asite. However, it isa so recogni zed that limiting collectorsisan effectiveway of preservingan
exploited resource, and that the nature of the resourcewill determinelimitationson the number of allowed
collectors. Datamust be provided before appropriate limits can be made.

Resolution: A limit on the number of boats or the number of collectors may be necessary, based on
the ecological carrying capacity of the resource and the interests of the community, but additional
information is necessary before these limitations can be established.

6. What code of practice should be established to addressinadvertent damageto r eef r esour ces?

If coralsor other reef organismsareinadvertently broken at any stage during the collection process,
unutilized coral fragments should be placed as near to the point of breakage as possible, affixed or placed
carefully within or ontheframework so asto be stable (allowing for regrowth and healing processesto be
maximized), and that the polypsface upward or outward, depending on replacement location. Broken
edges should be placed so that water currentsflush the areaand encouragetissue regrowth, and living
tissue should bein contact with the substrate.

Broken organisms should not be placed next to adifferent speciesto minimize detrimental competitive
interactions. Whenever possible, cora fragmentsthat are broken during collection should be used for
maricultureor reef restoration projects.

Resolution: Collectors should avoid damaging other organisms when removing a specimen.
However, if breakage occurs, the branches, fragments, or portions of the benthic invertebrate
should be secured near the mother colony or used for mariculture and other reef restoration projects.
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7. Should requirementsfor collection of curiocoralsdiffer from thoseestablished for live
aquarium corals?

The dominant taxacollected for curiosinclude Acropora, Pocillopora, Heliopora and other branching
species, aswell asfree-living fungiids. Most often, these areremoved from very shallow water, and
specimensaresubstantially larger in sizethan live cora staken for aquaria. Thetradein curio coralsis
currently prohibitedin Indonesia. Inaddition, the participant from the FisheriesMinistry of Tonga
recommended that the collection of cora sfor the curio trade should be prohibited, and agreater emphasis
should beplaced on artificial coralsfor decorative purposes.

InFiji, onescientist recommended curio collection be confined to areaswith greater than 50% live cordl,
whereas aguarium corals could be collected from areas with greater than 30% cover (Bowden-Kerby, pers.
comm.). His recommendationsalso included theremoval of no morethan 20% of thelive cover and no
more than 50% of the cover of aparticular species, with collection confined to areaswith dense coral
growth. However, the Working Group felt that removal of 50% of the cover of aspecieswastoo high.

Atthistime, only sizerecommendations are madefor the collection of curio-typeor dead corals. These
should beredtricted to the sizeslisted aboveregarding live coras, withamaximumsizeoveral of 25¢cm
diameter or height. The parties present havetoo littleinformation on the scope and nature of thistrade. Itis
recommended that issues be addressed immediately with partiesmore ableto assessthistrade.

Resolution: Curio collection needs to be evaluated to ensure sustainability, as the trade targets
branching species that are susceptible to mortality from bleaching, predation, storms and other
disturbances and the colonies are removed at a much larger size. Corals should only be removed
from dense areas, preferably with a minimum of 50% cover. The group also recommends limiting the
size of specimens to the same adopted for live corals, with a maximum allowable size of 25 cm.

8. What collection guidelinesareneeded for liverock?

Cora exporting countries have established different regul ationsfor the type of material that can beremoved
and exported asliverock. InIndonesia, only looserubble (recently broken coral branches) can be
collected, whileFiji only allowstheremoval of reef material that hasbecome cemented into the reef
structure. |If unconsolidated or unattached materia ispresent, thisgroup considersit likely that it would be
themost appropriate materia for collection. Thebreaking of hard substrate may be counterproductiveto
settlement and may negatively impact the structure of thereef. However, variability intheindividua
resource must be considered, and cooperation with monitoring and management groupsis necessary to
avoid resourceor habitat |oss.

Theresourceareawill largely determine collection of liverock. It hasbeen shownthat because of thesize
of theresourcein most areas, ESD ispossible. Furthermore, some research suggeststhat collectionscan
be madethat actually enhance or promote habitat (Lovell, 1999). Liverock miningto createtidal pools
should be studied asapotentia mechanism to enhance biodiversity.

No recommendations are made regarding the zone of collection, noting that thereef flat or areas
immediately inshorefromthereef crest havethe highest abundance of material. However, itiscritical that
reef flat mining doesnot compromisethe basic habitat structure of thereef, collection should not destroy
tidal pool environments, collection should not convert rocky habitatsinto rubbleor sand environments.

Collectorsshould avoid breaking through theelevated “algal rim” at theedge of thereef flat, asthisserves

asadam that trapswater on thereef flat during low tides.
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Thereare no recommended sizes or weight restrictions suggested at thistime. Toolsto be used should bea
hammer and chisel at most, with no toolsrequired for unattached material.

No recommendations are made limiting the number of collectors per sitesolong astheareaisproperly
managed. TheWorking Group felt that limiting collectorsisin the best interest of theresource. However,
the participant from Tongafelt that limitationsontota export, rather than alimitation on the number of
collectorswas abetter approach to manageliverock resources.

Oneof themost significant aspectsof liverock collection resulted from the halt of collectionin Floridafor
the US market. Because of widespread availability of the Pacific liverock resource, priceson the market
havefalendramatically. Asaresult of amarket demand for continued inexpensiveliverock, thetreatment
and transport of liverock iscompromised. Thisresource containsamyriad of benthiclifethat should be
collected and handled with diligence and care.

Resolution: Both unconsolidated and cemented reef material can be collected aslive rock, with
unconsolidated material preferable, when available. Collection can occur throughout all reef
environments, but removal must not compromise the structure of the reef, it must not convert reef
habitats into rubble fields or sand flats, and it must not lead to altered water transport patterns.
The working group does not recommend limiting the size or weight of live rock material removed,
until further information is available on the potential impacts; however, resource area will
determine the total allowable harvest.

9. What guidelinesfor handling can beadopted to maximizecoral survival?

Thecareand handling of collected coralsmust bedoneat all stages so asto minimize stressandto
maximizeand ensuretheir health and survival to the exporter. We haveidentified thefollowing stressors
that may significantly increasemortality resulting from collection and proposed sol utions:

a. Digtanceandtimefrom collection siteto exporter or other acclimation facility should be minimized.
Unacceptable mortality ratesarising from long transport without adequate packing and careto
ensure optimal health areany above 1%.

b. Water qudity - The production of mucusand/or secondary metabolitesresulting from collection
and/or breakage hasthe potential to severely compromisetheintegrity of aspecimen. Water
changesto contai ners should be made at |east every two hours, and flushing bedone by rinsing
away excessmucusprior to placement in any container or storagefacility and acclimated.
Following acclimation, requirementsarethat proper packaging and transport are provided to
ensurethe aforementioned 1% mortality.

c. Sunlight—Exposureto direct sunlight may result in bleaching, photodamage, excessive heet, or
increased salinity. Shading or covering of collected specimensisrequired to protect them from
direct sunlight.

d. Temperature—All collections should be maintained in water lessthan 29°C by whatever mean

necessary that a so alowsthefulfilment of other requirementsherein. Suggested methodsare water
changes, ice baths (but not direct application of iceto storagewater), and shading.
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e. Sdinity—Collectionsshould bemade so asto maintain normal seawater sdinity. Suggestions
includefrequent water changeswhere evaporation may be occurring and coralsmust be
protected from freshwater sourcessuch asrain.

f.  All specimensshould be maintai ned with one specimen per plastic bag (where used) or carefully
isolated from other coloniesto prevent mechanica damageor biologically competitiveand
damaging behaviours.

g. Handlingof collected cora should bedonegently and minimally, avoiding theliving polypsas
much aspossible, and handling from the base or skeletal material only if possible.

h.  Remova of fouling organisms, such assponges, should bedoneinthefieldto prevent
unnecessary lossor damageto collected specimens.

I.  Therewill beno stacking containersor collectionsof specimens.

. Thisgroup recognizesthat variouscultureshavetraditional collecting containers. Itissuggested
that plastic bagsarelikely the most appropriatefor transport of many targeted species. However,
collecting trayswith coralsprotected or wrapped, various binsfitted with sponges, etc., may be
effectively employed. Itisimportant that any other material sused be nontoxic to theorganisms
collected; for example some plastics can betoxic, and many spongescontain mildewcides. Itis
also recogni zed that sometargeted speciesmay fare better under such conditionsand that water
changes, recognized asbeing of critical importance, may befacilitated by theuseof aternative
meansthan plastic bags. Thecriteriarequired isthat the above conditionsbe met at all times, and
that containersare covered and cleaned to prevent accidenta introduction of or exposureto
noxiousor toxic el ements, such asboat fuels, paints, cigarette ashes, etc.

Resolution: All collectors, middlemen, exporters and others that handle corals should ensure the
highest standards to maximize coral survival. Thisincludes (but is not limited to) minimizing
transport time, limited handling (avoid touching polypar surfaces), individual packaging of
specimens, frequent water changes, and limited exposure to sunlight.

10. How should liverock behandled after collection?

Proper handling and treatment of liverock prior to export will result inamore valuableresourcefor the
resource countriesand ultimately provide avastly morefunctional and vauable product for theend-use
consumer. TheWorking Group recognizesthat some exporterscleantheir rock, removing large attached
organismssuch as spongesthat may die during transport, while others ship thelive rock without any post
treatment.

11. What other obligationsshould coral collectorsand associated partiesberesponsiblefor ?
Collectors should cooperate with monitoring and management groups as databecomesavailable

regarding the appropriateness of various speciescollections. Severa issuesdiscussed indetail and listed
bel ow were deemed inappropriatefor thisworking group, but should bereviewed by the other working

groups.
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Itistheresponsibility of the coral collector to report to the appropriate authority (thoseresponsiblefor the
collection area) any evidence of destructive methods of fishing being used within their collection area. Coral
collectorsshould not participatein any other harvesting activity; for example, the collection of marine
aquarium fish, livefood fish, etc., that uses destructive methods of fishing.

A logbook should bekept that showsthe number and type of corals collected; for each type of cordl, the
areaof collection, the approximate depth of collection. Intheinterest of monitoring and management, the
overall hedlth of thereef for future coll ection should be noted by evidence of bleaching, disease, destructive
fishingtechniques, COTS, or any other obviousanomaly, or by indicators provided or requested by
monitoring groups. Itisrecognized that the collectorsmay have extensive knowledge about aresourcethat
can beused in protecting the ecology of areef system, in helping establishgood

All surface-breathing equipment and SCUBA equipment must be maintained in safeworking order. Divers
and collectorsaretofollow generally accepted safediving practicesat al times. Diversmust dsobein
sufficiently good physical shape or of appropriate ageto engagein collection activities.

Itistherecommendation of thisgroup that not only the collectorsbe subject to the guidelinesherein, but
alsothat any other parties(intermediaries, etc.) involved with the handling, storage, or transport of corals
berequired to maintain the sameor higher standardsof care. Training should be donethat teaches:
recognition of species

record keeping/logbook entry

hygieneffirgad

safediving procedure and equipment maintenance

proper harvesting methods, use of tools, handling and storage

proper transport methods, handling, and storage

proper acclimation procedures

proper packing for transport to exporter

proper replacement of broken or unused corals

©COoONOOU~WNE

Resolution: All collectors should be licensed and required to maintain logbooks, ensure that SCUBA
gear isin proper working order, follow safe diving practices, and participate in training cour ses.

Conclusion:
Many of the guidelinesestablished for coral collectors, such asthe handling practices, aso apply tothe
holding facility, middlemen and coral exporters. Although the group was not tasked with specifically
evaluating and devel oping recommendationsfor coral holding and export facilitiesitisessentia that corals
areproperly housed, handled, maintained and packed for export such that surviva ismaximized. This
working group suggeststhat these guidelinesare accepted into MA C best practice, and that self-policing of
collectors by reporting viol ationsto appropriate persons isin the ecological and economicinterest of al
parties.

Coral Coallection Working Group Participants
Facilitators: Ferdinand Cruz (IMA and MAC) and EricBorneman (University of Texas)
Andy Bruckner - technical and scientific editor
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Monitoring Approaches for a Stony Coral Fishery
Report of the Monitoring Working Group
Introduction

The monitoring working group wastasked with devel oping amonitoring strategy that would provide
information needed by resource managersto 1) devel op amanagement plan for the sustainable harvest of
corals, 2) develop specific regulationsfor the coral harvest in particular areas; 3) devel op performance
indicatorsfor amanagement plan with informationto verify that the established harvest and export quotas
are sustainable and assess harvest and tradeimpacts and other factors contributing to coral decline/loss;
and 4) modify regulations as appropriate based on changesin resource quality or quantity, especidly if a
particular taxon becomesrare or overexploited. Themonitoring protocol should beapractical and rapid
techniquethat can be used by scientists, resource managers, or other required personnel with minimal
training, but it should be specific enough to determinethe composition, abundance and popul ation dynamics
for each taxon collected. 1t should be conducted with sufficient frequency to properly monitor theimpact
of the collection and detect changesin the abundance or condition of ataxon of interest, but not so
frequently that it isinefficient, too costly or destructive. It should beeasily repeatableby any individual with
expertiseincorals.

1. What type of monitoring should be conducted for thelivestony coral fishery?

Monitoring of thestony coral fishery isneeded to determinethe*” health” of thefishery and to verify
achievement of the management objectivesof thefishery. Thisshouldinvolvetwo complementary
approaches, the use of fishery-dependent data and fishery-independent data. One standard way of
monitoring fisheriesisto collect catch per unit effort (CPUE) datisticsover aperiod of time.
Unsustainability would beindicated by anincreased timerequired to collect thetotal allowablecatch (TAC),
ashiftinthefishery from avaluableto alessvaluable species, or areduction in thesize of the specimens
harvested.

Duetoinherent problemswith CPUE datafor corals (unreported searching time, shift in market demand,
demand for small, sexually immature specimensetc.), ecol ogica sustainability must aso be ensured through
afishery-independent monitoring program. Fishery-independent monitoring should provideinformationon
thelocation of habitatswhere collection occurs, the baseline status of the resourceinacollection site, and
populationinformation for target taxawithin collection sites, with aperiodic reexamination of thesesitesto
meet management needs. Thistype of monitoring ispossiblewhen cora collectionisrestricted to specific
areas, but will bevery difficult when coralsareremoved from al environments, wheretheresourceisvas,
or when collectorsremove cora soutside of defined areas.

Resolution: Both fishery-dependent and fishery independent monitoring is necessary to ensure
sustainable coral harvest. Fishery-dependent data would be obtained through mandatory logbooks
submitted by each coral fisher that include information on the species, size, number of specimens,
location and depth of collection, search time and other information. Fishery-independent
monitoring needs to be conducted using a tiered approach, with a flexible design that may change
with time, that is undertaken in the context of serving management needs.
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2. At what scaleshould fishery-independent monitoring beundertaken?

In order to determine baseline abundance of target stocksand their recruitment rates, avariety of
approacheswere discussed at arange of scales. At thelargest scale, countries need to determinethetotal
areaof reefsand associated habitatswithin territorial watersand theamount and location of reefsand other
habitatsthat are open for harvest. Remote sensing offersaquick and powerful tool for calculating such
parametersand useful organizationsthat may assist in obtaining thisinformationinclude UNEPsWCMC
andvariousU.S. Agenciessuch asNOAA. Countries should be ableto present mapsthat show the
boundariesof both coral collection sitesand no collection sites, and thetotal areathat isbeing collected for
thestony coral trade.

Atthemoreloca scaeand on the short-to-medium timeframe, stock assessment teamsor individualsneed
to accompany collectorsto advise on proper methodol ogy and hel p determinethe extent (patch sizeand
frequency) of habitats being collected for target species. Methodol ogiesthat might be suitableinclude manta
towsand timed swimsfor covering large areas and where the target speciesisabundant, transect
approaches, and free search methodsfor rare species.

To determine how much of aparticul ar speciescan beremoved fromindividua sites, an accurate estimate
of thedensity, sizefrequency distribution and recruitment rateisnecessary for each targeted taxon.
Depending on the distribution and natural abundance of the speciesof interest, thismay be determined
using belt transects (for abundant species) or timed swims/mantasurveysfor uncommon or rare species of
corals.

Resolution: Fishery-independent monitoring should be conducted at varying temporal and spatial
scales, including 1) initial (one-time) country—wide scales to map the total aerial extent of various
habitat types occupied by corals; 2) localized assessments at a short-to mediumtime frame to
determine the extent and type of habitats targeted by collectors and their condition; and 3) detailed,
periodic monitoring of individual sites to determine the density, cover, size frequency distribution,
diversity and other biological parameters of target corals, and also assess impacts associated with
the fishery and other disturbances.

3. What typeof infor mation should amonitoring protocol for an individual collection site provide?

A basdlineassessment of all coral reefsand other habitat typesneedsto be conducted prior to the
establishment of acoral fishery, or in the case of exigting fisheries, prior to theimplementation of a
science-based sustainable management plan. Thiswill alow mapping of various habitat types, demarcation
of acollectionarea, andidentification of individua collection Stesand no-collection siteswithinthis
collection area. Oncethe specific coral collection sites have been established, transect surveysshould be
conducted to obtaininformation onthe speciesdiversity, cover, and size frequency distribution for thetarget
coral species, aswell asother benthic dataif possible. Other useful typesof informationincludethe
condition of thetarget corals (presence of disease, outbreaks of predators, bleaching events, storm damage,
siitation etc.), abundance and types of coral recruits, and other uses of the collection area. Similar transects
should be conducted in no-collection sitesfor comparison and verification of harvest impacts.

Resolution: A monitoring protocol should provide sufficient information to demarcate individual
collection sites and to assess the status and trends of the resource, including the distribution and
abundance, cover, size frequency distribution, rates of recruitment, and condition of target corals

within collection sites, with compar able data obtained for no-collection sites.
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4. What type of monitoring information isnecessary to set harvest quotas?

Proposed approachesfor biological profiling and setting harvesting quotasincluded calculating TAC (or
Maximum Sustainable Yield=MSY) using avariety of fisheries stock assessment modelsand possibly
forestry models. However, only afew examplesof such approachesbeing appliedto cordsareavailablein
theliterature and no single method was decided upon, asit may vary depending on thetaxon and thelife
stageremoved. For instance, Rick Grigg devel oped amode for the sustainable harvest of black coral in
Hawaii and discussed application of thismodel to stony corals. Thismodel isbased on the harvest of
mature coloniesand involvesspecieswith smilar lifehistory traits.

Thisisoften not the casefor live cord collected for aguaria, as specimensmay bemuch smaller and, in
somesituations, they may consist only of afragment of alarger colony. Furthermore collectioninvolvesa
highdiversty of cordswithvaryinglifehistory traits.

Participantsrecognized that much of theinformation needed to formul ate such modelsaccurately
(distribution, abundance, growth rates, popul ation size, sizefrequency, recruitment rate, mortality —
including natura and other causes) iscurrently lacking and difficult and time-consuming to collect, butis
highly amenableto study by students.

Participantsal so recogni zed that use of proxy speciesand groupingsof functionally similar speciesmay help
initialy in setting quotas until sufficient dataareavailableon al target species. 1t wasrecommended that
short-term and medium term goal s should beto calculate M SY for representativetarget speciesintrade,
focussing initially on the speciesin highest demand, and on those species of concern to the European Union
(EV) that areunder high collection pressurein Indonesia. Based on thisinformation, managers could make
smplifying assumptionsas necessary for smilar species. Long-term goalswould beto determineMSY for
other speciesof coras, onceadditiona informationisavailable ontheir biology and popul ation dynamics.

Resolution: To determine a sustainable harvest quota for a chosen species of stony corals, resource
manager s need to set a range of percentages that coral fishers could take of standing stock, based
on the biology of that species or a closely related species and surrounding conditionsin the collection
site. They then would make a conservative estimate of the population dynamics of the species of
interest within a collection site based on monitoring or existing data; set a percentage that can be
collected from that site; monitor CPUE over time; and conduct periodic surveys within the
collection area to assess resource status and condition. The group recognizes that much of the
biological information on particular speciesis not currently available, but the use of proxy species
and groupings of functionally similar species may help in setting quotas until more data are
available.

5. What monitoring appr oachesareneeded to meet CI TESrequirementsfor export?

All speciesof stony corasare currently listed on Appendix 11 of CITES. Thesespeciescanbelegaly
traded oninternationa markets, provided that all shipmentsfrom CITES Partiesare accompanied by an
export permitissued inthe country of origin or are-export certificate from transhipment points. According
to the CITEStreaty, such permitsmay only beissued when therelevant government authoritiesare
convinced that: 1) the specimenswere obtained legally; 2) the harvest isnot detrimental tothe species
survival; and 3) live specimenswill be prepared and shipped so asto minimize damageto health, risk of
injury, or crud treatment. Inaddition, CITESauthoritiesin each exporting country are expected to monitor
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theactual volume of exportsof each speciesand their statusinthewild. If necessary, these authoritiesshal
take stepsto limit exportsto maintaintain each speciesat alevel “ consistent withitsrolein theecoystem.”
Themortality involvedin the harvest and marketing of coralsare parametersof high importancetothe
calculation of an export quota, asisaknowledge of the size of thedomestic market. Itisimportant that
countriesrecognize the difference between harvest quotas (the grand totd of the alowable harvest) and
export quotas (deductions made of mortality and domestic markets). Export quotasarelessthanthetotal
allowable harvest unlessthereisno domestic market or mortality associated with collection and handling.
Monitoring of mortality and domestic marketsis needed to establish export quotas, and to facilitatethe
required CITES permit findingson preparation and shipping protocol s (seeabove).

During abrief discussion of compliance monitoring to ensurethat harvest for international trade poses‘ no
detriment’ and no ecological impact asper CITES, thefollowing pointswerenoted. First, it wasnoted that
thebiological and ecological roleof target specieswithinthelarger reef ecosystem needsto be better
understood to determinewhat effect removal of aspecieshason the ecosystem. Second, it was agreed that
collectorsshould compilelogbooksthat provide dataon theorigin of materia (location of collection) and
CPUE, asachangeinthe CPUE can beavery useful indicator of over-exploitation and need for more
detail ed investigation. Information requested to be recorded in alogbook included thefollowing:

1. Location(management unit),

2. Species(or genus), Sizeclassinformation, color, whole or fragments,

3. Date, nameof collector/vessal, method of collection, whether SCUBA wasused or not, depth, CPUE/
number of people (total hoursof collection divided by the number of collectors), timeof day, boat name
and transport used from collection point.

Additiona guidance on making non-detriment findingsisavailablefrom IUCN at:

http://www.iucn.org/webfiles/doc/archive/2001/ UCN859.doc

The monitoring programsdescribed in thisreport should generate obj ective and quantitativeinformation
required for issuing or refusing CITES export permitsin source countries. Intheabsenceof suchinforma-
tion, it becomesdifficult or impossibleto determine theimpact of aparticular harvest on the given species
surviva inthewild. Nontheless, it isgenerally agreed that the popul ation dynamics and even the abundance
of many stony corasispoorly understood at thistime. 1nmany instances, precautionary steps can betaken
to permit exportsin the absence of large monitoring datasetswith long time series.

For instance, the United States allowsthe export of black cora (Order Antipatharia, listedin CITES
Appendix I1) insmal volumesfromthe state of Hawaii without knowing total stock size, distribution, or
recruitment dynamics. Instead, local researchersdetermined that sexual ly mature colonieshad aminimum
height of 122 cm or basediameter of 1.25 cm. It wasassumed that with minimal effort inthefishery (less
than 6 diversreaching maximum depths of 60 meters) and adherenceto these minimum sizes, harvest would
be sustainable over theforeseeablefuture. Stock assessments, by size category, were eventually conducted
insitu and showed no substantia variation in the exploited popul ation’ssize/age structure over 23 years.
Subsequently, estimates of maximum sustainableyield were cal culated and exportshave been held well
below that level by theU.S. CITESauthorities. Plansare currently underway to assessthe health and
reproductive potentia of the black coral beds bel ow 60 meters (beyond the reach of standard SCUBA),
which should enhance managers’ understanding of recruitment patternsand the shallower stock’sresilience.
Thus, astep-wise gpproach to monitoring and management hasbeen gradual ly implemented astimeand
resources permitted.
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Recommendation: Exporting countries should make use of the best available information for
evaluating the impact of potential coral exports on wild populations as per the requirements of
CITES. If there are insufficient data to determine the impact of a given harvest, then exports cannot
and should not be authorized under the terms of the treaty. However, precautionary management
measures can be implemented by using basic information on the species’ biology or the population
dynamics of similar species. Astime and resources permit, more data can be collected through more
intensive monitoring programs which in turn allow adjustments to fishery and export controls.

6. What level of taxonomic specificity isnecessary for field monitoring of collection sites?

Thereareover 600 speciesof reef-building coralsfound on Indo-Pacific reefs; thetrade of about 200 of
these have been recorded to the specieslevel in CITES Trade Statistics, but for the vast majority of species
thetradeisrecorded only totheleve of genus. Researchersrecognizethedifficulty inidentifying many
corastothelevel of speciesinsitu, andinsmall andliving colonies, dueto similaritiesamong speciesand
thewide morphological variationwithin and among speciesfrom different reefs, depths, and environmental
conditions. Assuch, many monitoring programsfor cora havefocussed only on growth forms, or in some
stuations(e.g., point-intercept surveys) only recording substratetypes, with onetypebeing livecoral.
Whilethisapproach allowsfor the assessment of live coral cover, it doesnot provide dataneeded to

sustai nably manage astony cord fishery.

Giventhedifficulty inidentifying cora sto species, CI TES hasrecommended that only specific groupsof
corasneedto beidentified to the specieslevel on permits, whileotherscan beidentified only to theleve of
genus. Thesearelisted at the bottom of the abstract by Dr. Vin Fleming on page 59.

Theworking groupidentified the need for an | dentification Tool that includes scientific namesand common
namesfor speciesintrade, referenced to the taxonomic standard used by CITES. However, thegroup did
not reach consensuson thelevel of detail that should berequired for monitoring. A MAC Monitoring
Protocol isunder development by Reef Check for the ornamental trade overall, and because of the
thousandsof speciesinvolved inthetradeit wasfet that the protocol would be most effectivewithasmall
list of notable speciesfor biologica profiling, basdline assessment and compliance monitoring. For stony
corals, thisinitia list consists of approximately 20 species (see paper by Hodgson). 1t should be noted that
thislist doesnot correspond to thelist developed by CITES, and several dominant taxain trade are not
included.

Based on 1) the approach taken by CITESfor reporting on permits; 2) international requirementsof non-
detriment asstated under CITES provisions; 3) management needsfor the development of harvest and
export quotas and for monitoring harvest impacts; and 4) limitations associated with cora reef monitoring
(timelimitsbased on safety/air availability), the Working Group recommendsthat detailed monitoring (for
baseline assessments, determination of aharvest quota, and performance measures of the management plan)
include assessment of al coralswithintransects, with each coral recorded at | east to genus, unlessaspecies
isreadily identifiable. Atthevery leadt, itisessentia that those speciesof corasrequired by CITESas
being reported on permitsto speciesare being identified at the specieslevel when undertaking assessment
transectsduring field monitoring. Given thetimeand expenserequired by these detailed surveys, oncethe
initial assessment isdone, annua monitoring may involveasmaller list of notable speciesusingtheMAC
Monitoring Protocol .
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Resolution: All stony corals should be identified at minimum to the level of genus, with
identification to species for those taxa indicated by CITESasreadily identifiable, aswell asany
other coralsthat can easily be identified to the specieslevel. In addition, all coralsrecorded along
transects should be identified (at least to genus) during baseline surveys and during detailed follow-
up monitoring to allow appropriate management decisions, as monitoring of only a small group of
“notable” specieswill not be sufficient to ensure sustainable harvest (see below).

7. How often should monitoring occur ?

Anoptimal approach inthe devel opment of asustainable cord fishery would beto conduct basdline
assessmentsprior to the start of afishery. However, stony cora fisherieshave beenin existencefor many
yearswith different level sof management and monitoring. Itisrecommended that baseline assessmentsare
completed in each | ocation as soon as possible, and thisinformationis provided to resource managerswho
can devel op specific guidance on how much coral should beremoved from an area. Onceamanagement
planisinplace, itisrecommended that the collection Sitesare reexamined oneyear |ater, to ensurethat the
levelsof harvest are sufficiently low enough to prevent depletion of the speciesand negativeimpactsto the
resource.

Given theexpense and timerequired to conduct detailed monitoring, it would be possibleto delay
subsequent monitoring at thislevel of detail for fiveyears, provided that the established management scheme
appearsto beworking based on the oneyear monitoring results. However, the group recommendsthat a
rapid assessment be conducted in each collection site once each year (during theyearsthat detailed
monitoring isnot conducted) to assess collectionimpactsand other threats. Thiscouldinvolvethe protocol
developed by ReefCheck for the Marine Aquarium Council, in which only aselected group of speciesare
examined (but the species examined may vary depending on habitat type).

If therearereports of substantial damage or disturbance events|e.g., bleaching, hurricane, crown-of-thorns
(COTS) outbreak] inacollection site, the site should be temporarily closed and reexamined assoon as
possible using the detail ed monitoring gpproach. Thiswill alow adjustment to coral fishery regulationsto be
made beforeirreparable damageisdone.

Resolution: A detailed baseline assessment evaluating every stony coral taxon should be conducted
in each collection site to provide information for the devel opment of a science-based management
plan. Detailed monitoring should be repeated one year after the management plan isimplemented
to ensure that the adopted management measures are sufficient to ensure sustainable harvest.
Provided that no changes (or disturbances) are noted within a collection site, the detailed
monitoring could then be conducted once every five years. However, rapid assessments using the
MAC Monitoring Protocol should be conducted once each year, during periods when the detailed
monitoring is not undertaken.

8. Who should beresponsiblefor conducting monitoring and covering costsof monitoring?
Most coral reefsthat provide stony coralsfor aquariaand curiosarelocated in devel oping countries. Few
areinthepogitionto design and implement nationa coral reef monitoring plans, and successful

implementation will require cons derabl e capacity building, technical assistanceand financia resources. In
terms of who should beresponsiblefor carrying out such an assessment, it was noted that relevant issues
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indude objectivity, credibility/approva by appropriate government bodies, and cost and efficiency of
carrying out such assessments. It was noted that some of thework could bedonein part by theindustry
and that some of the cost should be borne by theindustry and could be passed on to the consumer.
Potentia financid , technical and scientific contributorsto the processinclude ReefCheck, MAC, andlocd
scientificauthorities, including universities. Thetypesof technica and scientific advicecouldinclude, but are
not limited to research projects such as student thesisand scientific authoritiesannua workplans, support of
theindustry inthe development of the most appropriatelogbook for collectors, inthetraining of these
collectorsand inthetimely transfer of information included in thelogbooks.

Resolution: Monitoring should be conducted by unbiased parties, including students, scientists,
NGOs, and fisheries agencies, with assistance by coral collectors. The cost of monitoring should be
divided among the industry, consumers and the fisheries agencies, with financial assistance from
developed countries that are the major importers of these resources.

9. What type of monitoring should berequired for harvest of liverock?

Liverock should berecognized asavery different issuefromlivecoral collection. Theencrusting organisms
that arefound on liverock do not appear to be potentia limited in reef environmentsand may takeonly a
few weeksto cover afreshly exposed surface. Whereas collection of live coralsrepresentsthe taking of
dow-growing, long-lived, animds, liverock collectionismoreakin to mining of rubbleand reef substrate,
that iscovered by opportunistic, fast-growing common materia. Unlikelivecoral collection, which needsto
be sustainableon ar egional scale (collection of live coral may lead to areduction of coral cover that
affectspotential recruitment to other reefs) and alocal scale (collection of live coral may resultinlocalized
depletionsof speciesindefined areas), liverock needsto be sustainable on ageological scale-the
amount of liverock harvest must belessthan the capacity of thereef toaccumulate calcium
carbonatematerial.

Somestudies suggest that collection of liverock, if carried out carefully, may actualy have potential to
enhance habitat complexity of thereef by creating tidepoolsand high relief inreef flat environments.
However, liverock mining may also compromisetheref flat and nearshore coastal environments, if removal
breachesthereef crest or seaward portion of thereef flat.

Artificid liverock culturing through placement of cement or similar substrate derived blocksin shalow
marineenvironmentsisaviableaternative. In Florida, thisinvolvesplacing reef limestonemined fromlandin
the marine environment for grow-out of invertebrates and other micro-organismsthat createacolorful and
lively substrate. In Fiji, one operator hasproduced “ artificia” liverock from cement and ground up reef
rubble, whichisthen cultured in the marine environment.

It wasnoted that not all liverock isequally desirableand that collectorstarget rock that carried colorful
zoanthidsand other colorful encrusting invertebrates. Therewasrecognition that the rel ative abundance of
rubbleversushard-rock pavementsvariesdepending onlocation, and liverock collection strategiesvaries
among countries. For instance, Indonesiaonly alowsexport of unconsolidated rubble, whileFiji primarily
exportsreef substratethat has been cemented in place and isremoved using alarge crowbar.

Theworking group did not come up with aspecific recommendation addressing how monitoring can be
conductedfor liverock harvest asatool to devel op sustainable harvest guidelines. Thegroupdid
recommend that the harvest of liverock should be minimized to ensurethat collection does not impact the
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structure of thereef, it doesnot result in mortality to other benthic macroinvertberateslike stony corals,
and it doesnot negatively affect coral reef habitat utilized by other speciesof motileand sessile organisms.
Some of the unanswered questionsregarding liverock are summarized bel ow:

1. Scale-basdinefor abundance

2. Recolonizationtimeand nature of scars

3. Habitat complexity

4. Biodiversty (i.e whatisdiveontherock)

5. What arefollow-up impactsto ecosystem?

6. What organismsaredependent onliverock?

7. Socioeconomicimpacts, i.e. doesit drivetouristsaway?

Resolution: In order better understand the impacts of removal of live rock and to develop
sustainable harvest guidelines, basic research and monitoring needs to be conducted to determine
the rate of deposition of live rock, the potential quantity of the resource and the scale over which
harvest occurs, time required for replacement of harvested material, the impact of removal on
associated flora and fauna and the ecosystem, and effects of removal of rubble versus cemented
reef substrate.

10. What biological information on coral speciesiscurrently missingto completetheknowledge
that will begained from themonitoring of commer cially har vested r eefs?

Thereare severa aspectsof coral reef monitoring that need to be addressed in order to develop arealistic
sustainable quotafor the harvest of coral and to make appropriate management decisonssuchasa
closureto acollection siteto alow recovery. Theseincludetwo broad categories—thefirstinvolves
researchinto thebiology of individual taxa, and the second isaprotocol for coral reef monitoring that
providesinformation on the statusand trends of the reef community and specificaly of thestony cord
resources.

Thereisreatively littleinformation available onthe growth rates of individua species, how thisvaries
depending onthesize of the colony, and in relation to specific environmental or physical conditionssuch as
depth, waveexposure, light levels, sediment load and so on. An examination of growth ratesof different
speciesunder different environmental conditionsisnecessary to beginfilling gapsin our understanding of
thebiology of different coral taxa

Other aspectsrelated to the biology of corals, such asrecruitment and mortality rates, andtheresilience
of speciesto natural or anthropogenic disturbances, are also key componentsthat can help provide
managerswith information needed to determine how much coral can besustainably harvested. These
factorswill also vary depending onlocation, depth and environmental parametersand should be
consdered inalong-term monitoring protocol.

Resolution: Thereisa need for increased collaboration among scientists, resource managers, coral
fishers and hobbyists to improve our under standing of the biology of stony coralsincluding growth,
recruitment, and effects of habitat, environmental processes, and disturbance on their life history,
combined with a greater emphasis on field monitoring to deter mine sustainable levels of harvest of
individual species and in specific areas and to quantify and mitigate potential harvest impacts.
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11. Chronological Stepsof Assessment and Monitoring of ReefsTargeted for Commercial
Harvest of Stony Corals

1. Definethe management area (percent of reefsand associated habitatsin the country availablefor
collection and those closed to collection, linked to macroenvironment).

2. Conduct stock assessment at the genusor specieslevel (see section 6) to determinethe density and
other population parametersof target corasin the management area, relying on specific methodol ogies
that are appropriate to each species/depth.

3. Determineamaximum commercial TAC for amanagement area(at somecrudelevel) based on
biologica information and stock assessment data.

Optimally, aquotashould be devel oped based on:

1) the coralsgrowthrate, longevity, recruitment successand other life history parameters;

2) therelative abundance and condition of coral speciesbeing considered for harvest inthe areaof
collection;

3) sizeclasseswithinthe populationintheareaof collection, and the size classesbeing considered for
harvesting; and

4) theareaof harvest and presence and condition of neighbouring, no-collection areas (e.g., existence of
sourcefor larva replenishment inthesurrounding areq).

Theworking group recognizesthat much of thisinformationisnot availableand suggested thefollowing:
those speciesfor which information exists, and that are rel atively common,and fast growing (branching
corals), aquotacould be set at 10% of standing stock per year; for dow growing species thislevel could
be set at 5%, and for relatively uncommon specieswherelittleisknown about life-history, quotascould
be set at 1% of standing stock per year.

- Quotasare meant to be conservative, and aretotally dependent on quality of stock assessment.
- Quotascan change, especidly if population modelsare devel oped for particul ar species.

- Any typeof disturbancewould trigger anew stock assessment, whichwould likely cause
guotasto become modified al so.

- Thesequotasarefor harvest of whole coloniesand do not account for removal of fragments.

- A need existsto include wastage monitoring into the feedback loop. Useof maximum
commercial TAC quotato set export quota, taking into account domestic trade and loss
beforeexport.

4. Monitor thefishery using fishery-dependent and fishery-independent dataand usethisinformationto
makefuture adjustmentsto the quotaas necessary to conservetheresource. Specific changesin
fishery-dependent data (e.g. 30% declinein CPUE over 3 years) would trigger astock assessment,
however fishery-independent surveysneed to be carried out irregardless of CPUE dataat minimum
onceevery 5yearsto ensurethat target speciesare not being depleted.

- Natural and anthropogenic changesin thecommunity (e.g. bleaching, COTS, hurricanes) and
market changes need to beincorporated into fishery dependent and i ndependent monitoring.

- If aquotaissuspended after adecline has been detected, the stock will haveto be reassessed
and managers may need to redefine management area.or modify the quota.
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12. A Fishery Independent M onitoring Protocol for Stony Corals

Severd different monitoring protocolsexist, including point-intercept methods (diversrecord the organism
under alink inachainor at aspecificinterval along atransect), belt transects (every organismwithinagiven
area—ie. 1 mX 10 m belt —isassessed), and quadrats (all organismswithin acertain area, generally 1 m X
1m) areassessed. For purposesof determining popul ation dynamicsof stony corals, therecommended
approach involves multiple belt transects conducted in each site, with mantatowsand timed swimsused to
identify rare or uncommon taxa.

Thefollowing protocol was devel oped largely based on discussionsheld during theworkshop, with certain
parametersincorporated from aprotocol used inthewider Caribbean, the Atlantic and Gulf Rapid Reef
Assessment protocol. Thisprotocol wastested in Sulawes following theworkshop, and wasfound to
provide asuitable methodol ogy to determinethe abundance of taxaand the potential sustainablelevelsof
harves.

Required Equipment:
10 m transect tape; underwater datesand pencil; 1 m bar marked off in 1 cmintervals.

1. Compilebackgroundinformation onthecollectionarea. Define habitat typesand quantify aeria extent
of each habitat withinthe collection area. Thisincludes seagrassbeds, deepwater soft bottom
communitiesand specific reef zones (reef flat, back reef, reef dope, base of reef etc.).

2. Characterize each habitat type, including adiscussion of thetypesof corasfound their, other notable
organisms, substratetype, depth, wave exposure, water clarity, currentsetc.

3. Runbdttransectsin collection sitesasfollows:

At each SITE, haphazardly lay the 10-m transect linejust abovethereef surface, along depth gradients, ina
directionthat isparallel tothelong axisof thereef.

For each coral that occurswithin 1 m of the transect tape record the genus (speciesif possible) and
measure colony dimens ons (maximum and minimum diameter to nearest 1 cm; height). For small colonies
(5cmdiameter or less) only record thetaxon and number of individuas.

For coloniesthat cannot beidentified to species, record the morphology if time permits (plating, foliose,
branching, massive, free-living etc.).

If time permits, assessthe condition of the corals (estimate percent livetissue, amount of recent mortality).
Estimateliving cora cover using apoint intercept method: record substrate type every 50 cmaongtheline,
a0,0.5m,1.0metc. upto 9.5m) (20 datapoints/ 10 mtransect). Substrate categoriesinclude: hard
coral, soft coral, dead cordl, fleshy agae, turf algae, coraline algae, rubble, sand, sponge, other
invertebrate) .

4. Compileall quantitative dataon coral speciesinto aspreadsheet. Be sureto keep dataseparatefor each
site, depth and/or habitat type.
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Draft MAC Monitoring Protocols:
Discussion Document for the International Coral Trade Workshop

Dr. Gregor Hodgson, Reef Check Foundation

1BACKGROUND

Themarineaguariumtradeinvolvesthe captureand remova of living reef organisms, including fish, corals,
macro-invertebratesand liverock. These activities can have animpact on reefs depending on the methods
used and the numbersand age/size classes of organismsremoved. Certification standardswill define
collection practicesthat seek to ensurethe potential impactsof the marineaquarium trade arewithin the
limitsof what isenvironmental ly sound and sustainable. It will be necessary to monitor cora reefsand reef
animal populationsto determinewhether: a) the standards have set appropriatelimitsand b) whether
certified marine aguarium collection operationsactualy remain withintheselimits. Thefundamenta question
iswhether these popul ation reductions are ecol ogically significant in comparison to the natural background
variation, i.e. do the effects of the collection methods used and/or the popul ation damage the reef
ecosystem or the ability of the popul ations of harvested speciesto replace themselves?

In early 2000 MA C contacted the Global Coral Reef Monitoring Network (GCRMN) to createthe
monitoring program and GCRMN requested Reef Check to take thelead on this. MAC and Reef

Check haveformed apartnership project to:

» Designthe MAC Monitoring system, and sel ect speciesto be monitored.

* Test and revisethe MAC Monitoring program.

» Undertaketheinitia application of theMAC Monitoring program.

» Anayzethedatato providefeedback into revision of the MAC Ecosystem Management Standards and
the Callection and Fishing Standards.

Thispaper presentsthe draft monitoring protocol for review and discussion. Once established, the
monitoring programwill beusedto:
* Regularly survey reefsthat have been subject to harvesting by MAC certified operations.
» Determinetheeffectsonreef health of collection of fish, plants, invertebratesand liverock
from coral reefsby MAC members.
» Comparethe health of the reefswhere collection occurswith reefswhere no known
harvesting isoccurring.

2 PROCESSAND OBJECTIVES
Theoverall objectiveof theMAC Monitoring programisto devel op aset of scientifically rigorous

assessment protocol sfor use by independent groupsto monitor the effects of the certified marine aquarium
trade operations on the health of the coral reef and the popul ations of harvested speciesand liverock.
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The processof the MAC Monitoring program development includes:

* Literaturereview: collectionlevelsand source areas (compl eted)

* Discussionswithindustry (completed)

* Choosecriteriafor proxy organisms (completed)

» Select arepresentative sub-set of all harvested organismsto act asaproxy for thetotal
organismsto be monitored (compl eted)

» Choosecriteriafor site selection (completed)

» Design survey and statistical methodsto detect specified level of changeintheindicators of
interest and capturesthe minimum data needed to answer key questionsinthemost timely
and cost-effective manner (completed)

» Designamonitoring protocol that will produce dataof useto the Reef Check global coral
reef monitoring program (compl eted)

» Choose compliancecriteria

» Fedtesting

3. MONITORING PROGRAM DESIGN

Themarineaquarium tradeinvol vesthe capture and remova of living organisms(and liverock) from cora
reefs. Theimpact of the marine aquarium trade can be defined based on numbers and age/size classes of
organismsremoved from reefs. Thefundamental question that needsto be addressed by MAC Monitoring
iswhether these popul ation reductionsare statistically or ecologicaly significant when compared with natura
background variation. From the perspective of sustainability, the ecologica question becomes: Arethe
population reductionssufficiently largethat they damagetheability of the population to replaceitsalf?

The specific questionsthat will be answered by MAC monitoring fall intothe genera category of a“Before-
After/Control-Impact (BACI) design that has been used for many yearsin the Environmental Impact
Assessment field. TheBACI design allowsthe user to answer questionsregarding whether achange can be
detected beforeagiven activity hasoccurred (inthis case harvesting of reef organismsor liverock) when
compared with after. Inaddition, it allowsthe user to compare changeson asite known to be subjected to
certainimpactswiththose at sitesthat are believed to befree of impacts (control sites).

Itiscritically important to recognizethat cora reefs, likeany natural ecological system, vary naturaly
depending on physical factorssuch asthe passage of ssormsand biological factorssuch asfluctuationsin
recruitment patternsand diseases. In addition, coral reefsmay be subject to anthropogenic impacts
unrelated to the marine aguarium tradeincluding, pollution, fishing for food, and sedimentation. For these
reasons, it isimportant to choose several control reefsfor comparison with study reefs.

Theobjectiveof MAC Monitoringisto differentiate theimpactsof certified harvesting from other natural or
anthropogenicimpacts. Thusif areductioninthe population of agivenorganismis detected at a study
reef, looking for the same change at the control reefs will alow investigatorsto determinewhether the
changeisregiona or specifictothestudy reef. It will aso beimportant to collect al information about
known humanimpactson both control and impact reefsto hel p link cause and effect. Sufficient temporal
replicationwill be needed to determinethe naturd fluctuationswith respect to seasond patterns, particularly
inreproduction and recruitment, and in some cases such asfish, diurna patternsof activity which may affect
local abundance.



Traditiondly, statistical analysisof datacollected usngaBACI design hasrelied primarily on analysisof
variance (ANOVA). ANOVA isawell-tested parametric method that all owsthe user to determinewhether
achangeisdatistically sgnificant as pre-defmed by choosing thelimitsof significance, typicaly (X <0.5.
For the purposes of the M AC monitoring program, it will also be useful to useavariety of non-parametric
methods, particularly ordination analysessuch asmulti-dimensiona scaling. Thesemethodsallow theuser to
investigate patternsin datacollected from alarge number of sitesand to represent these patternsgraphically.

Onelimitation of both thesetypesof statistical techniquesisthat they do not addressthe question of
ecologica sgnificance. Thatis, avery small reductionin population size of agiven organismmay be
satisticdly sgnificant if asufficiently largesamplesizeissurveyed. Whether or not thisreductionis
ecologically meaningful or not isacompletely separate and much moredifficult questionto answer.

Typically, agreat dedl of detailed information about natural population variation will be needed to answer
thequestion of ecologica sgnificance.

To assessthelong-term prospectsfor harvesting marine organisms, it will also be necessary to use
traditional fisheries stock assessment methods. Such methods are used to examine population structure of
organismsto determinethetrgectory of population growth and to determine maximum sustainableyield
(MSY). Idedlly, sufficient information can be obtai ned about each MAC Monitoring organism, both
invertebratesand fish, for anM SY to be devel oped. Other techniquessuch asVirtual Population Analysis
(VPA) can be used to assessthoseresults. In some cases, the results of the stock assessment work could
beusedto setindividua quotasfor theharvest of organismsinagiven areg, i.e. Total Allowable Catch
(TAC) limits, astandard fishery management technique. In some cases, it may be useful to attempt to set
such limitsfor both invertebratesand fishin geographically defined aress.

Theliverock trade presentsvery different questionsfrom the harvest of invertebratesand fish. Liverock
extractioninvolvesthe physical removal of apiece of non-living rock that isencrusted withamixture of
small living organisms. Unlessthat rock isreplaced with an artificia substitute such asconcrete, thereisa
net lossof material. Reef growth and accretion may balancetheloss dueto liverock removal, but usually
thiswill occur at adifferent location, i.e. coralsmay not grow directly inthe cavity produced by liverock
removal. Eventudly, if enough liverock is removed, thereef will be noticeably reduced in volume. Thusthe
guestion of sustainability with respecttoliverock is- what isthe size of the existing resource and how long
canitlast at a givenrate of removal? In addition, other important questionsrel ate to the speed recovery of
aliverock crater and the dengity of liverock removal that isdetectable by e.g. recreationa diversor
organismsdependent upon liverock organismsfor food. Itislikely that additional researchwill beneeded
ontheselatter questionsbeforetheliverock protocol can befinalized.

4. SELECTING ORGANISM FOR MONITORING

Itisnot cost-effectivenor scientificaly useful totry tomonitor al organismsharvested for themarine
aquariumtrade. Itissensibleto select asubset of commonly harvested organismsthat are representative of
avariety of organismtypessuch that the effects of thetrade on reef health can be assessed.

To choosethelist of candidateindicator organismsanumber of criteriawereused. A starting list was
obtained by reviewing availableindustry information. The starting point wasalist of 800 fish and over 300
invertebrate speciestraded internationally. Thiswascut downtoalist of 121 commonly traded fish species
and 50 invertebrates (Appendix A). Thisincluded one hundred and seven speciesfrom twenty-ninefamilies
of bony fish, four speciesfrom threefamilies of e asmobranchsand approximately 50 speciesfromfive
invertebrate phyla. Theseinclude at least 30 speciesof scleractinian coralsknown to be commonly traded.
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Tonarrow thelist down to possible monitoring candidates, the sel ection criteriaused included:

* Organismscaollected inlarge numbers- potential for large popul ation changes

* High priced (>$50 for fish) - reflectshigh demand, difficulty of catching

» Rare— organismsthat are either naturally uncommon or have been depleted aready but are
still in demand

* Endemic speciesthat may berarevs. speciesof widedistribution that will be useful for
monitoring everywhere

* Widelndo-Pacific distribution -- useful for monitoring everywhere

» Threatened or endangered speciesor of specia ecologica vaue

Taxathat areeasly identified inthefield becausethey are:

* Largeenoughto be seenduring avisua survey (>10cm)

* Non-cryptic

* Not easily confused with smilar species

* Clearly marked or colored

To categorize the demand for each fish species, arelativeindex was created of demand for families, and for
specieswithinfamilies(1- 4: 1=low volume). A similar index was created for priceand tradevolume.
Organismswere selected that werein the upper half of theindex asrated by importers. Based on these
criteria, 67 speciesoffish and 61 taxaof invertebrateswere selected for MAC Monitoring. For example,
the Yellow Tang Zebrasoma flavescensisahigh volume (Class4) organism but hasalow price (Class1).
Duetoitshigh demand, the Yellow Tang wasincluded. In contrast, the Cleaner wrasses Labroides
dimidiatusand L. bicolor have amedium high trade (Class 3), medium high demand (3), and medium low
price: (2). Whilethispopular aguariumfishiseasly recognizedinthefield, itisquitesmall and hencewas
excluded based onsize.

For theinvertebrates, the practicewithin thetradeisto clump avariety of speciesunder onenameto avoid
detailed taxonomic questions. The soft coralsare agood example, wherethe trade has adopted the practice
of dividing soft coralsbased on genus-level taxonomy. To accurately identify many speciesof soft corals, it
ishecessary to collect atissue sample, to extract and identify the skeletal elementsinthelaboratory.
Therefore, inmost cases, it will be sensibleto match taxonomic detail of soft coral field monitoring tothe
genuslevdl. If it issuspected that one speciesisharvested far morethan others, then some species-level
identification may be needed.

In other cases, wherefieldidentifications are possible, taxonomic separation can be made. For example, the
trade lumpsthetwo hard coral generaFavia and Favitesinto one group. Experienced coral taxonomists
can easlly separate thesetwo generain thefield and identify specimensto species. When the monitoring
programisset up inagiven area, thetaxonomic specificity selected to monitor the harvested cora should
be matched to that for theimpact monitoring. In practice, the speciesof harvested coralsshould be
reviewed and thefield monitoring shoul d target the most commonly harvested species.

With respect toinvertebratesit isimportant to recognizethat collectors, exportersand importers

typically do not use speciesnamesfor many invertebrates and often mix several speciesunder
onecommon name,
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SDRAFT MAC MONITORING PROTOCOLS

5.1 SITEDESCRIPTION

Fivetypesof dataare needed to achieve MAC objectives and these can be collected using four types of
survey. First, somegenera background information will be needed on eachreef to aid intheinterpretation
of thebiological information. A Site Description format has been developed for Reef Check (Appendix B)
that will servethe purpose of MAC Monitoring. About 35 questions are asked which relate to location and
type of anthropogeni cimpactsknown to affect the site. Additional socioeconomic questionsarecurrently
being designed and some may be added tothelist.

52 FISH

Theobjective of thefish protocol isto obtain asufficient sample size of fish indicator speciessuch that
quantitative statistical comparisonsamong control and impact Stesare possible. Inthe case of rare species,
thismay requirealarge number of replicate surveys. A total of 67 speciesof teleost fish waschosenfor
MAC monitoring covering abroad range of size, shape and behavior. Thefish monitoring protocol will be
based on the Reef Check (RC)corefish survey but will be morehighly replicated both spatially and tempo-
raly. The RC coremethod isacombined timeand arealimited survey using abelt transect. Four replicate,
5mwidex 20mlong x 5 m high belt transectsare made along a100 m transect linelaid paralel to the reef
front. Each replicate should be separated by at least a5 m gap. For RC, surveysare madeat only two
depth ranges, 2-5 and 6-12 m deep. For MAC monitoring, surveysmay be made at greater depthsas
needed to match the depth range where collectionisheaviest. Therefore only experienced research divers
should attempt such surveysand special carewill be needed to avoid possible decompression problems.
At least one survey should be made at one of the shallow depth ranges such that RC datacan be extracted
fromeach site.

Thefish belt transect should bethefirst work done after thetransect i sdepl oyed and should begin between
9:00t0 10:00 AM. After deploying thetransect, work can be started after a 15 minutes period during which
no diversdisturb thearea. The maximum height abovethetransect torecord fishisrestrictedto 5 minthe
water column.

Each diver assgned to count fishwill swim dowly aong thetransect and then will stop to count target fish
every 5m, and thenwait 3 minutesfor target fish to come out of hiding, before proceeding to the next stop
point. Thisisacombination timed and arearestriction survey, 4 sectionsx 20 mlong x 5 mwide= 400 m?.
Therearefour 5m gapswhereno dataare collected. At each depth contour, there are sixteen “ stop-and-
count” points, and the goal isto complete the entire 400 m? belt transect in 1 hour.

A measured 2.5 m colored wire or rod can be used to hel p estimate the 5 m belt transect width, and a
seriesof 5, 10, 20 or 30 cm sticks (hand-held or floating tethered to asmall weight) can be deployed to
hel p estimatefish length.

If both diversareproficient at fish identification, onediver can record one sidewhilethe other can record
theother side. Careisneeded to carefully label datesto avoid confusion. For numberslessthan 25fish,
tally the numbersonthe date using avertical tick mark for each fish observed and after each four fish, draw
ahorizontal linethrough thefour, thus creating easily counted groups of five next to the correct nameand
under the appropriate column. For numbersof fish over 25, thefollowing abundance classes may be used:
25-50, 51-75, 76-100, 101-200, 200-500.
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Itiscrucial to remember to keep the countsfor each of thefour segments of the transect separateand to
avoid double counting by communicating with other fish counters.

For each fish or school offish, astandard length estimate must be given. The size estimate classesmay be
adjusted for each species. For fish lessthan 15 cm, the estimate should be +/- 1. cm. For fish larger than 15
cm, the estimate should be +/- 2cm.

For each study area, sufficient sample size of avariety of size classesmust be obtained for the speciesof
interest to be ableto assess stock size. Thereisno set number of surveysasthiswill depend uponthe
density of fishinagivenarea. Asarough guide, at each siteit isexpected that between five and ten 400 m?
surveyswill be needed to achieve asufficient samplesizefor most of the 48 species. During one or two of
these surveys, the standard RC indicator fish should a so berecorded. Thefina number will needto be
determined based on the sample sizerecorded during pilot tests. Ideally there should be at least three
control sites, therefore based on 5 surveys per site, thetotal number of surveysrequired would be about 20.

For the purposes of detecting differencesamong sitesand survey periods, aminimum sample size of about
5fish should be obtained for therarest speciesat the control sites. A much larger sample of afew hundred
fishwouldideally be obtained for the purposes of fish stock assessment and input tothemodels. This
sampl e size can be obtained by combining all fish from the control and impact sites.

5.3 INVERTEBRATES

The same belt transects used for thefish survey will so beused for theinvertebrate survey. If bothdivers
want to record data, they can alternate 20 m segments as above or each do a2.5 mwidestrip. To avoid
confusionlater, itisimperativethat diverscarefully mark their sheetswithlocation and diver names.

Each belt transect is5 mwidewith 2.5 mon either side of thetransect line. Thereason for choosing the
relatively narrow bdltsisthat visibility inmany partsof theworldislow, thereforeitisnecessary torestrict
them globally for comparability. For each segment, the survey areawill be20mx5m=100m?, for a
grand total of 400 m?for each depth contour, the same asthefish belt transect.

All of theitemsand organismsto be counted within theinvertebrate belt transectsarelisted in Table 2.

For al organismssize estimates arerequired. For sessileorganismsincluding coras, thediameter of each
colony should be measured in two directions, one perpendicular to the other. Theinvertebrate belt transect
will aso be used to measurethe density and state of liverock scars.

Each scar recorded should be measured in two directionsand the state of recovery noted using the
following categories. 1 =fresh scar; 2 = <25% cover by epiphytic organisms, 3 = 26-50%, 4 =51-75%,
and 5 = 76-100%. Asmoreinformation isobtained about the type of recruitment experienced by liverock
scars, it may beuseful to record additiond information.

Itisexpected that the number of surveysneeded at agiven sitewill not exceed the numberneeded for the
fishsurveys(5-10). Thefinal number will need to be determined based on the sample sizerecorded during
pilot tests. Ideally there should be at |east three control sites, therefore based on 5 surveysper site, thetotal
number of surveysrequired per sitewould be about 20.
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54 SUBSTRATE COVERESTIMATE USING POINT SAMPLING

Tojudgetheoveral health of eachreef, it will be useful to obtain an estimate of hard coral coverinreation
to that of other organismssuch as sponge and algae. For thispurpose, each transect linewill be point
sampled at 0.5 minterva susing the standard RC protocol for substrate. When theinvertebrate belt transect
iscompleted, the point sampling can begin on the samelinetransect. The estimated timeto completethis
work is30 minutes. Point sampling was chosen becauseit isthe least ambiguous and fastest method of
survey. In use, thediver can smply sample aseriesof pointswherethetransect tape overliesthereef and
note down what liesunder those points. To removeany bias, itisuseful to carry a5 mmdiameter nut or
other small metal object tied onto a2 mlong cotton or nylon string for useasa“ plumb-line.” Theobjectis
dropped at each designated point and it touches only one substrate type which can berecorded. This
removestheneed for deciding what liesunder thetape, especially in caseswherethetapeishanging above
the substratum and swinging back and forth with the surge. For Reef Check, substratetypewill berecorded
a 0.5mintervalsalongtheling i.e. at: 0.0m, 0.5m, 1.0 m, 1.5 metc. upto 19.5 m (40 data points20 m

transect segment). Thisprocedurewill berepeated for the remaining threetransect segmentsat each depth
contour chosen.

5.4.1 Substratum categoriesand abbreviations

TheLine Transect pro-formahasaspacefor each point sampleresult, 1- 40for thefirst 19.5m
segment etc The above abbreviationsare used for the substratetypes. There are many caseswhen

the substrate type may be ambiguous. Pleasefollow the guidelinesbel ow to identify substrata. Notethat
thesemay differ from other definitionswithwhich you areadready familiar.

[_'i_l-l"'_” ILare cerra- i_i(-'_ —] Wtk T §:’
T (KT [RueR T T T
ML Recenry Rilled coral L-:‘H | San:d - - ,
| 5 | [esky souvesl [-l—_ —, Sovelar T ,
:-;1*_. 5‘..1.?.3: _._T‘___ , T —'_'l'.}:hl:r_ T T

5.4.2 Reef Check Guidelinesfor Deter mining Substrate Types

Hard coral: Includefirecoral (Millepora), bluecora (Heliopora) and organ pipe coral (Tubipora)
becausethesearereef builders.

Soft coral: Include zoanthids, but not seaanemones (thelatter gointo“ Other”).

Recently killed coral: Theaimisto record coral that has died within the past year. The coral may be
standing or broken into pieces, but appearsfresh, whitewith coralite structurestill recognizable, only
partialy overgrown by encrusting algaeetc. Thiswill be particularly important in detecting theimpactsof
cyanideandfishbomb blast Sites.

Fleshy seaweed: Theaimisto record bloomsof fleshy algaethat may berespondingto high levelsof
nutrient input. Thereforedo not include corallinealgaein thiscategory. When adgae such asSargassum
that areanormal part of ahealthy reef are present, please note the speciesin the comments section.

Sponge: All sponges (but no tunicates) areincluded; theaimisto detect sponge bloomsthat cover large
areasof reef.

Rock- Any hard substratum whether it iscoveredin e.g. turf or encrusting corallinealgae, barnacles
oystersetc. would be placed inthiscategory. Rock will also include dead coral that is morethan about 1
year old, i.e. isworn down so that few cordllite structuresarevisible, and covered with athick layer of
encrusting organismsand/or algee.
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Rubble: Includesrocks (often laying over sand) between 0.5 and 15 cm diameter. If itislarger than 15
cmitisrock, smaller than 0.5cmanditissand.

Sand: Inthewater, itissandif it fallsquickly to the bottom.

Silt/Clay: Sediment that remainsin suspensionif disturbed. Notethat thesearepractical definitionsnot
geotechnicdl.

Other: Any other sessile organism including seaanemones, tunicates, gorgoniansor non-living substrata.

6 FIELD TESTING OF PROPOSED PROTOCOLS

These MAC Monitoring methods should befield tested in anumber of locationswherethe marine aquarium
tradeisan important economic activity such asFiji, the Philippines, Indonesia, Sri Lanka, Hawaii and
Augtrdia. Itislikely that some modificationsmay be needed tofit the protocolstothelocal conditionsin
each place. In particular, anumber of the chosen invertebrate and fish speciesare not found in Hawaii. In
the case where these species are not endemic, they can ssimply be dropped from the survey. For sessile
invertebrates such ashard coralsthetime of year of harvesting may not be particularly important, as
successful recruitment and growth may be so low asto not changethetotal population size or cover greetly.
For fish, however, seasona reproductive patterns mean that thetime of year of thesurvey iscritically
important asthe popul ation sizemay change by ordersof magnitude (at |east for certain small sizeclasses).
Thereisthusaneed to collect information on thetiming of reproduction of all MAC speciesand to plan
surveysaccordingly.

A useful check on theability of MAC monitoring to detect change can be made by doing some surveysin
locationswhereknown level sof aguarium fish harvesting have occurred. In thiscase the numbersof fish
removed should be kept secret until the surveysarefinished. Thistypeof blind testing will bethe best way
to determinewhether the methods are working as expected. Once afirst round of datacollection hasbeen
accomplished, it will beimportant to hold aworkshop to review theresults. The datacan beanayzed as
suggested and questions such as appropriate sampl e sizefor each species can be addressed. The power of
thestatistical testscan be checked. Such early review will later prevent problemssuch ascollecting
insufficient dataor thewaste of collecting more datathan needed.

7INTERPRETATION AND FORECASTING

Themost challenging aspect of thisproject will beto determinewhat level of abundancereductionis
ecologically significant, and if such achangeisdetected, what action should betaken to reducetheimpacts.
A reductionin harvest intensity isone poss ble recommendation, whileanother would beto closethefishery
entirely inaspecified areauntil areturnto“normal” can be demonstrated. For afew species, sufficient data
will beavailablefrom previousecol ogica studiessuchthat “normal” populationlevelswill beknownfor a
few locations. If significant reductionsin abundance are detected, collection methods can be adjusted to
reduce or minimizethedanger. Whereno significant reductionisdetected, collection should bealowed to
continue. One seriousdanger isthat most reefsin the region have been subject to moderateto strong fishing
pressurefor many yearsleaving the popul aionsin avery poor statewith most largeindividuasmissing.
Therefore, finding suitable” Control” sitesthat are unaffected by fishing will not be easy. Thisaso makesthe
use of standard fishery model s problematic when certain (large) Sizeclassesaretotally missing.

The MAC Monitoring program can a so be used in apro-active manner prior to any collectionto determine
which areas contain sufficient stocksto sustain collection. Rather than making an ad hoc visua assessment,
quaified technicianscould use MAC Monitoring protocolsfor determining the abundance of sought-after
species. Thisinformation could be used by government managersor the companiesthemsalvesto
sdlf-regulatewhere collectionisallowed. Thisproactive approach would hel p the companiesto avoid
overfishing and the resulting management actionsthat would restrict fishing access.
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8 APPENDICES

#.1  APPENIMX A, LIST OF MAC MONITORING URGANISME(FISH]
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Muohacanfidae (FilefTvl)
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Fanclidae rMaerish Idals)
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Paeados hrormis

Purple

Purde strape

Steawherry psucdochromis

Servanided {Greupers)
Mimiatis
Panlher grouper

Gobitdae {Gobfes)
Guoldenhead poby (sleepec)
(hamund gohy (watchmean)

Zanches comutus

Inodon hstom
Ao sp.

L spp.

Psrudoclhromis porphyreus
Psendoubrumis diadema
Peewdochromis porplivmeus

Cephalopholis miniata
Cromileptes shivelis

| Valencionmea steizaty
Vilenciennez puellasis

8.2 APPENDIX AL LIST OF MAC MONITORING DRGANISMS (INVERTERARATES)
’ -

I Conimon Name
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Palvthoa spp.
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Curirarts 2o,
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Trendsin International Trade in Stony Corals. a Synopsis of CITES Data
Andrew Bruckner NOAA Fisheries, 1315 East West Highway, Silver Spring, MD USA

Stony coralsand reef substrate (liverock) enter theinternational trade asaguarium organisms, curios,
jewelry, and for biomedical purposes. All stony corasand liverock arelisted on Appendix |1 of the
CITESand can betraded commercialy, provided that the exporting country findsthat the take doesnot
congtitute asignificant risk to the species, or itsrolein theecosystem. Most coral intradeoriginatesinthe
Indo-Pacific, although severd former exportersinthisregion, including the Philippinesand Mozambique
have banned thetradein stony corals. Inaddition, the United States prohibitsthe harvest and export of
itscord fromthe Atlantic and most locationsin the Pacific. Currently, thelargest exporter isindonesia,
followed by Fiji, Vietnam and the Solomon Id ands, with smaller volumesfrom Tonga, Vanuatu and the
Marshdl Idands.

During the 1980sand early 1990s, the dominant component of thetrade was dead coral (skeletons), but
livecoral now constitutesover half of thetotal trade. Thevolume of dead coral intrade hasremained
fairly constant since 1993 but increaseswere noted in 1998 and 1999 with coral supplied from Vietnam.
Thetradeinlive coral hasincreased by 12-30% annually, from about 200,000 coloniesin 1992 to
800,000in 1999 (Fig. 1). Tradeinmateria reported as” Scleractinia’, whichincludesliverock and reef
subgtrate, alsoincreased dramatically inthelate 1990s; over 1 million piecesand 1.2 million kilograms
wereexportedin 1999 (Fig. 2). Most Scleractiniareported by piecewasfrom Indonesia (reef
substrate), most exported by weight isfrom Fiji (liverock), and over 85%isimported by theU.S.

Thetaxonomic composition of livecora intrade differsquite notably from the skeleton trade, and the
typesof cora intradea so differed among exporting countries. Themost common generaof livecoral in
trade are Euphyllia, Goniopora, Trachyphyllia, Acropora, Catalaphyllia, Heliofungia and Plerogyra
respectively (Fig. 3b). Thesetaxa congtitute over 50% of thelivetrade, with closeto 50 additional
generaintradeat lower volumes. Withthe exception of Acropora, the dominant taxaof livecoral in
tradearereatively dow-growing, and may belocally uncommon or are vulnerableto overexploitation due
totheir lifehistory. Raw cora (skeletonstraded as curios) consists predominantly of Pocillopora
(55%), Heliopora (13%), Porites (13%) and Acropora (10%) (Fig. 3a). Although thesetaxaare often
abundant and exhibit faster rates of growth and greater recruitment successthan many massive species,
they areharvested at alarger size, and are more susceptibleto mortaity from physical damage, predation
and bleaching.

Over 60% of thetrade from Indonesiais Euphyllia, Goniopora, Trachyphyllia, Catalaphyllia,
Heliofungia and Plerogyra; only live cora can be exported astheexport of recently killed skeletons
wasprohibitedin 1998. Over 50% of the coral exported from Fiji is Acropora and >50% from Vietnam
isPocillopora; both countriesexport liveand raw coral.

International tradein stony coral providesanimportant source of revenuefor coastal communities.
Unregulated coral collection may |ead to overexpl oitation of certain taxa, and collectors can cause
substantial habitat damage, but the trade can be devel oped in asustainable manner. Thisrequiresthat
exporting countries develop amanagement plan that includes 1) specific provisonsfor licensing, training
and certifying fishers; 2) an annual quotafor sustainable harvest based on the coral’sbiology and
population dynamics, and thelocation and condition of the harvest area; and 3) amonitoring program that
can be used to assess harvest-rel ated impacts and can provide dataon the status and trends of the

harvested cora sin collection and no-collection aress.
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Management and Enforcement of Coral Importsin the United States

JohnFeld, FisheriesSpecidigt, Divison of Scientific Authority, U.S. Fishand Wildlife Service
4401 N. Fairfax Dr. Room 750, Arlington, VA 22203 USA,

TheUnited Statesisarange country for many speciesof stony corals, with an estimated 4 million acres of
coral reefsunder local or national control inthe Caribbean and Pacific regions. Nonethel ess, the country

hasessentidly banned commercia harvest of Scleractinian cord sthrough stateand federd legidation. At
thesametime, the U.S. marine aquarium hobby continuesto grow rapidly and demandsfor imported live
coralshavereached historic highs.

Thelargeand growing volume of imported stony corals (and the absence of adomestic fishery) have
prompted federal law enforcement agenciesto shift their effortson coralsto border interdiction. TheU.S.
Fishand Wildlife Service (USFWY) isthe primary federal agency involvedinwildlifelaw enforcement,
includingimplementation of CITES provisonsfor Appendix Il Scleractinia USFWSwildlifeinspectorsare
stationed at 14 designated portsthroughout the country, and must process each of thethousandsof wildlife
shipmentsentering and leaving the United Stateseach year. American cord importers, likeall wildlife
tradersin the country, must purchase astandard wildlifeimport/export license each year, and pay feesto
process each shipment they recelveat aU.S. port. USFWSwildlifeinspectorsanalyze each coral
shipment’s paperwork, including theimporter’slicense, and make case-by-case decisionswhether to
perform visua inspectionsof theshipment itsdlf.

Wildlifeingpectorsconsider severd factorswhen deciding whether to performavisua ingpection, including
thespecies statusinthewild, theimporters' violationrecord, and thespecies CITESstatus. Currently,
USFWS personnd inspect approximately 25% of al wildlife shipments(cora and other species), and these
ingpectionsmay cover the entire shipment or just sel ected specimens. Theseinspectionsare expedited by
clear externa labelling indicating quantity and speciesinvolved, transparent packaging material, and
complete paperwork. Common problemsencountered during routineinspectionsinclude permit/shipment
mismatch, “overages’ (shipment larger than permitted amount), and specimen misidentification. Theseare
resolved through consultation with source countries, abandonment of disputed shipments, or aprescribed
resol ution process.

Evenintheabsence of an active domestic coral fishery, the United Statesmay be ableto offer sources of

information and perspectiveto southeast Asian reef management. TheseincludetheU.S. Coral Reef Task
Force products, precious coral management regimes, and variousinternet-access ble databases.
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Trade in Hard Corals — CITES Requirements and Recent Developments

Dr. L.V. FHeming, Head—UK Scientific Authority (Fauna), Joint Nature Conservation Committee,
Monkstone House, Peterborough PE1 1JY, UK.

Therequirementsof CITESfor theexport of hard coralsarebriefly reiterated, especially inrelation to
making non-detriment findingsunder ArticlelV.2.aandinlimiting exportsto maintain corasat alevel
congistent with their roleinthe ecosystem (Article1V.3). Specia emphasisisplaced ontheresolution
(Conf. Res. 11.10) and rel ated decisions adopted at the most recent (11'") Conference of the CITES
Parties(Nairobi, April 2000). Theimplicationsof thesechanges, namely thedefinitionsof corasintrade,
theexclusion of coral sand and cora fragmentsfrom the provisionsof the Convention, the application of
ArticlelV.3totheexport of cora rock, and the reporting requirementsfor coralsin trade, are explained.

Work currently being undertaken by the coral working group of the CITES AnimasCommitteeis
outlined and the contribution of theworkshop to this processisrecogni sed and wel comed.

Specimensof thefollowing generaM UST beidentified on CITES permitsto specieslevd:

1) All mono-specific genera(sensu Cairnset al., 1999)

2) Blastomussa* Cladocora, Colpophyllia, Dichocoenia, Diploria, Euphyllia (live)*, Galaxea,
Halomitra, Heteropsammia, Hydnophora*, Lithophyllon, Merulina, Mycedium, Oulophyllia,
Pachyseris*, Physogyra (live), Plerogyra (live), Podabacia, Polyphyllia, Seriatopora*,
Sandalolitha, Solenastrea.

Thefollowing generaof corascan beidentified on CITES permitsto Genusonly:

Acanthastrea, Acropora, Agaricia, Anacrapora, Alveopora, Astreopora, Balanophyllia, Barabattoia,
Caulastrea, Coscinaraea, Ctenactis, Cyphastrea, Dendrophyllia, Distichopora, Echinophyllia,
Echinopora, Euphyllia (dead), Favia, Favites, Fungia, Goniastrea, Goniopora, Leptastrea,
Leptoseris, Lobophyllia, Madracis, Millepora, Montastrea, Montipora, Mussissmillia, Mycetophyllia,
Oculina, Oxypora, Pavona, Pectinia, Physogyra (dead), Platygyra, Plerogyra (dead), Pocillopora,
Porites, Psammocora, Scolymia, Sderastrea, Stylaster, Stylocoeniella, Stylophora, Symphyllia,
Tubastrea, Turbinaria.
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EU Trade Controls on Stony Corals from Indonesia

Caroline Raymakers, TRAFFIC Europe Regiona Office (WWF-B), 608 Chaussée de Waterl oo, 1050
Brussels, BELGIUM (on behdf of the European Commission)

Inthe 1990stheworld tradein coralsfluctuated between oneand six million piecesannually asreported
by CITESimporting Parties. Thesedatawere availablefollowing thelisting of “ hard corals’ species
(including Antipatharia) under Appendix |1 of CITES. According to the most recent availabledata,
Indonesiawasthelargest supplier (roughly 36%, 900,000 pieces) of corasin 1999 when the United
States (US) wasthe main consumer (81% of world imports, roughly 2 million pieces). However, the
demand in the 15 European Union (EU) Member States hasincreased significantly during the past decade,
representing 2% of theworld market in 1990 and 18% (440,000 pieces) in 1999. In 1997, the EU
countries adopted Regulation (EC) No 338/97 on the protection of speciesof wildfaunaandflora. This
legal measure covers CI TES requirementsand afew more constrainsfor EU Member States, particularly
theobligation to issueanimport permit in addition to the export permit requested from the exporter.
Among bodiesthat areresponsiblefor theconcerted  implementation of theregulationinthe EU isthe
SRG (Scientific Review Group). Themaintask of the SRGisto review the non-detriment findings of
export quotas established by certain range States, the trade datareported for sel ected speciesand specific
concernsraised by Member States, e.g. application for animport permit.

The EU import restriction adopted for seven speciesof stony coralsfrom Indonesiaillustratestherolethat
the SRG playsintheimplementation and enforcement of CITES provisionsand the conservation of
specieslisted under CITES. In 1998, concernswereraised about thelevel of export quotasfor livecoras
setby Indonesianauthorities. In September 1999 (14" meeting of the SRG), after consultation with all
relevant Parties, including therange States, atemporary trade restriction was adopted for seven cora
species (Blastomusa merleti, Catalaphylliajardinei, Cynarinalacrymalis, Euphylliadivisa,

E. glabrescens, Plerogyra simplex and Trachyphyllia geoffroyi). Thistrade suspension will belifted as
soon asthe scientific basesfor the establishment of CITES cora export quotasare provided. Scientific
information and recent dataare the basesrequired to verify that thelevel of tradewill not haveany
detrimental effect onthe survival of the speciesor other species, and onits population and habitat. Inthe
caseof coral exportsfrom Indonesia, concern wasraised dueto thelack of knowledge on the status of
populations (their estimated size), the distribution and abundance aswell asgrowth and recruitment rates
of the species.

Thepreiminary anaysisof reportson Indonesian cora trade brings-up additiona questions, particularly on
discrepancies between CITES annual reportson coral tradefromimporting and exporting Partiesand the
fact that, for several species, reported exportsfrom 1997 to 1999 exceed the export quotas set, e.g. for
the six generaof the speciestargeted by the EU trade restrictions since September 1999.
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Fig. 1. Export quotas established by Indonesiafor taxaunder EU suspension

Table 1. Indonesian export quotasfor taxaof concern

(Unit: Pieces of coral) 1997 1998 1999 2000 2001
Total export quotas 765.000 810.000 825.890 852.660 891.000
Blastomusa spp. 8.100 8.550

Blastomusa merleti 8.100

Blastomusa wellsii 7.200 6.000
Catalaphyllia spp. 83.250 89.775

Catalaphyllia jardinei 67.500 58.500 56.000
Cynarina spp. 7.200 7.200

Cynarina lacrymalis 9.900 9.000 10.000
Euphyllia spp. 110.250 124.200

Euphyllia ancora 36.000 40.000
Euphyllia divisa 72.000

Euphyllia glabrescens 54.000 36.000 40.000
Plerogyra spp. 51.300 45.000

Plerogyra simplex 36.000

Plerogyra turbida (discus) 16.200 15.000
(syn. Nemzophyllia turbida ) 13.500 18.000

Plerogyra sinuosa 31.500 3.600
Trachyphyllia spp. 70.650 72.000

Trachyphyllia geoffroyi 83.700 76.500 80.000
(syn. Wellsophyllia radiata) 9.000 9.000
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Certification for a Sustainable Trade in Marine Or namentals:
The Marine Aquarium Council

Paul Holthus, Executive Director, Marine Aquarium Council
923 Nu'uanu Ave., Honolulu, Hawaii USA 96817
Phone: (+1 808) 550-8217 Fax: (+1 808) 550-8317
Email: paul .holthus@aguariumcouncil .org Website: www.aguariumecouncil.org

MarineAquarium Council: Background, Objectivesand Structure

TheMarine Aquarium Council (MAC) wasestablished asaninternationa multi-stakeholder ingtitutionto
addressthe situation comprehensively and achieve market-driven quality and sustainability inthemarine
aquariumindustry. The Council began asaninitiative of across section of organizationsrepresenting
aquarium keepers, theaguarium industry, conservation groups, internationa organizations, government
agencies, public aguariums, and scientists. From the broad network of stakeholdersthat constitutes
MAC, thel5 person Board of Directorsisrequired to have amagjority of non-industry members.

Following incorporationin 1998, MA C isnow established asanindependent, third party ingtitution
whosegoa isto transform the marine aquariumindustry into onethat isbased on quality and
sustainability. MAC ismaking thishappen by:

Developing standardsfor quality products and sustainable practices,

Establishing asystemto certify compliancewith these standardsand label theresults; and

Creating consumer demand and confidencefor certification and labeling.

Inaddition, MACis:

- Raising public awareness of therol e of the marine aquarium industry and hobby in conserving cora
reefsand other marine ecosystems,
Assembling and disseminating accurate datarel evant to the collection and care of ornamental marine
life;and
Encouraging responsi ble husbandry by theindustry and hobby through education and training.

MAC isnow fully established and recogni zed as the |l ead organi zation and global voicefor developing and
coordinating effortsto ensure sustainability intheinternationa trade of marineornamentals. MAC has
maderapid progressin creating aglobal network for raising awareness of the needsand opportunitiesfor
certification, andinitiating certification system devel opment. Asof early 2001, the network included 2,200
stakeholdersin over 60 countriesand territories.

MAC isasoforming key partnershipsto meet strategic needsin devel oping amarket based approach to
sustainability for themarine aquarium trade. To ensurethat thereiscons stent, comprehensive, quality
information onthe marine ornamentalstrade, MA C iscollaborating with the World Conservation
Monitoring Center (WCMC) to devel op aninternational datarecording and reporting system. To ensure
that reef habitat and resourcesare sustained inthelong run, we are partnering with the Global Coral Reef
Monitoring Network/Reef Check programsto devel op aquarium collection areamonitoring based on
international ly accepted methodsand expertise.
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Certification System Devel opment

Developing the standards of practice and certification systemisat the core of MAC'sefforts. Inlate 2000,
most effort was being put into devel oping the MAC Certification Standardsand aninitial set of “ Core
Standards’ to addresscritical urgent issuesaffecting sustainability israpidly moving to completion. The
Standards Advisory Group, aninternational, multi-stakeholder committee, isreviewing thedraft standards
into early 2001, following which the standardswill beavailablefor public review.

The Core standards cover:
Ecosysterm Management Practices: in-Situ habitat, stock, species management and conservation.
Collection and Fishing Practices: fish, cord, liverock and other harvesting and related activities, e.g.
fidld handling and holding practices.
Handling, and Transport Practices: holding, husbandry, packing, transport etc. at wholesaleand retall.

During thefirst half of 2001, MAC will undertakeamajor outreach effort towidely informthemarine
aquariumindustry and hobby of the standards and certification system and provide materialson how to
participate. Therewill betraining to ensurethat theindustry in devel oping countries (especially collectors)
hasthe skillsand capacity to supply certifiable marine ornamentals. The standards of practiceareto be
tested and then put towork in pilot areas. Pilot certification will seek to include operationsin at least the
Philippines, Fiji, Austrdia, Indonesia, and Hawaii that will belinked to numerousimportersandretailersin
the US and Europewho arewaiting to participatein the pil ot phase of certification. Following the pilot
phase, the certification syslemwill formally belaunched and become operational inlate 2001, and certified
marineornamentalswill beavailablein 2002.

Over thetwo yearsfollowing theimplementation of the Core Standards, amore comprehensive set of
“Full Standards’ will be devel oped to addressthe broader more complex range of issuesand approached
to ensuring sustainability for the marine aguarium trade. The Full Standardswill expand onthe Core
Standardsand al'so include aset of standardsfor Maricuture and Aquaculture Practices.
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Management Measures and CITES Trade Controls for
the Stony Coral Trade in Indonesia

Samedi and PuspaDewi Liman
CITESManagement Authority for Indonesia

I ntroduction

Indonesiaisan archipel ago which comprises of morethan 17 0005 ands, and has morethan 80,000
kilometersof coastlinesand 3.1 million squarekilometersof territorial waters. It isbelieved that Indonesian
watersisthe center of coral speciesdiversty, supporting morethan 362 speciesof stony coralsdominated
by speciesfrom the genus of Acropora (62 species), Montipora (29 species) and Porites (14 species).
Thecoral reef of Indonesiaaccountsfor 10 -15 percent of theworld’ stotal and thereefsare enormoudly
richinspecies.

Approximately two third of theIndonesian coastlinesare covered by coral reefsand al of theworld' sreef
typesarepresent inIndonesia. Therearefour typesof coral reefsfoundin Indonesia: fringing reef, barrier
reef, atoll and patch reef. Among thistype, fringing reef arethe most common. L atest survey based onthe
percentage of coral coverage analyzed from 416 locationsin 43 areasin Indonesiashowed that 6.49 %
reefswasin an excellent condition, 24.28 % wasin good condition, 28.61 % wasin intermediate condition
and 40.62% wasin poor condition. 1t isalso shown that the condition of coral reef inwesternIndonesia
wastheworst, compared to thosein themiddle and eastern Indonesia. It has a so been widely known that
thedisturbancesare mainly caused by explosiveand poisoning fishing and extraction of dead corasfor
building or construction materias. Collection and trade of live cora for ornamenta purposesmay in some
extent contribute disturbancesto the cora reef, but theimpact hasbeen regarded asrelatively small and
controlled.

The management of control of coral collection and international trade have evolved since someof stony
coral specieswaslistedin CITES appendicesin 1985 and then all of Scleractinian specieswere
subsequently listedin 1990. Sincethenthe Ministry of Forestry hasdeeply involved inthe management of
control of thetrade of thesefishery speciesbecausethe Ministry hasbeen the only Management Authority
of CITESinIndonesa. The problem began when Indonesiahasto make* non detriment finding” asdirected
by ArticlelV of the convention. Establishment of collection quotaisthe basisfor making non-detriment
finding. Butin order tofulfill the non detriment finding principlethe quotamust a so be scientificaly estab-
lished. Despitethe problem in making non detriment findings (e.g. datalacking, externa pressure) the
involvement of Indonesian Institute of Scienceson thismatter hasbeen enormous.
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Policy and L egidation concerningtradeon wild floraand fauna

Thefollowing legidation and regul ation are the basi sfor undertaking control and making non detriment
findingsin utilization of stony cora speciesby the CITESManagement and Scientific Authority.

1. Act No. 5/1990 concerning Conservation of the Living Resources andtheir Ecosystem;

2. ActNo. 10/1995 concerning Customsand Excise;

3. Act No. 23/1997 concerning Basi ¢ Provisions on the Management of theliving Environment;

4. Act No. 41/2000 concerning Basic Provisionson Forestry;

5. Government Regulation NO. 13/ 1994 concerning Hunting of Game Animals,

6. Government Regulation NO. 7/ 1999 concerning Preservation of Floraand Fauna;

7. Government Regulation NO. 8/ 1999 concerning Utilization of wild Flora and Fauna;

8. Government Regulation NO. 25/ 2000 concerning Decentralization;

9. Decree of theMinister of Forestry No. 62/K pts-11/1998 Concerning Administrative Directivefor Wild
Pantsand AnimasTreffics,

Management of control of species utilization (including CITESimplementation) hasbeen basicaly based
on the Government Regul ation No 8 of 1999 concerning Utilization of Wild Plantsand Animals. This
legidation specifically directsthe Ministry of Forestry asthe Management Authority and the Indonesian
Institute of Sciencesasthe Scientific Authority for Conservation of Living Resources, including CITESIn
Indonesia. The Government Regul ation has a so provided basi ¢ regul ation on quota establishment, export,
import, re-export, captive breeding, ranching and internal tradein specieswhether protected or unprotected
including thoselistedin CITES Appendices. Further regulation concerning preservation of speciesare
provided by the Government Regulation No.7 of 1999. Thisregulation providesregulation on preservation
of speciesincluding population management intheir habitat and capture.

Thesetwo national regul ations have made Indonesiaupgraded from class3to class2 intermsof national
legidationtoimplement CITES. Thismeansthat Indonesian legid ation mostly meetstherequirementsfor
CITESimplementation. However, the Ministry isawarethat these regul ations contain someweaknesses
which must bereviewed and amended, in order to achieve class 1 legidation which meetsall therequire-
mentsfor CITESimplementation.

Current Management of Control of Tradein Coral

About 71 Indonesian speciesof stony cora fromthe order of Scleractinia, Coenonthecallia, Stoloniferaand
Milleporida, which havebeen dl listed in appendix Il CITES, arenow intrade. Inorder to guarantee
sust+ainableutilization of cora species, certain principlesare adopted. These principlesinclude;

- coralscan only be harvested from outside the protected areas and tourism sites,
- harvest rotation to allow natural population recovery;
- corasare harvest bel ow theregeneration rate of each species,
- coral are harvested with sizelimit in accordance with the growth rate of the species,
- harvest in assessed sites,
- population monitoring and eval uation when necessary.
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Currently, monitoring and control on cord utilization are undertaken through thefollowing mechanisms:

a. establishment of collection quota;

b. issuance of collection permits;

c. registration of traders (middlemen and exporters);
d. issuance of domestic transport permits;

e. issuance of CITESexport permits,

Theharvest levels(quota) in selected provinces are established through an annual decreeby the Directorate
General of Forest Protection and Nature Conservation (PHKA). Thisisthen followed by harvest sSites
assignment by theregional forestry offices; based ontherecommendation by the

ScientificAuthority.

Licenseto trade (export) in stony cora'smay begiven to registered companiesonly. in accordance with the
Decreeof the Minister of Forestry (No. 62/K p+s-11/1998). Theregistration isundertaken under the
following criteria(requirements):

- Thecompaniesare established in accordancewith the National Trade Regulation;

- Thecompaniesmust provide sufficient facilitiesand equipment to ensure minimum death and injury.

- Thesufficiency of facilitiesand equipmentsisverified by thelocal Conservation Agency (KSDA);

- Thecompaniesmust have sufficient understanding on conservation and wildlife sustainable utilization
concept, including understanding on CITESrequirements. Thisisexamined through the examination of
their proposal whenrequesting for registration.

Thelicensed companies, then, haveright to undertake harvest . collection, transport and tradein stony
coras. Theloca Conservation Agency (KSDA), based on quotaand collection permitsgivento the
companies, issues permitsfor domestic transport. CITESpermits, which arethenissued by CITEShead
quarters, mainly based onthis permit after being verified by the KSDA officers.

Besdestheobligationtofollow al national and CITESregulations, the companies (exporters) haveaso
socid obligation such as providing ass stancesto thefishermen by incorporating them within one system of
management in order to improvetheir knowledge on good collection practicesin order to reduce death or
injuriesand alsoin someextent may participatein preventing illegal activitiessuch asblasting and poisoning,
which result in pollution and damagesto the cord reef. The companiesthrough Trade Association (AKKII)
havea so played important roles such asassisting the Scientific Authority in assessment and monitoring of
stock. The registration to export is valid for 3 years, while the harvesting/collecting licenseisvalid for
1year. Export permit valid for 3 monthsand may be extended up to 3 months,

Further Development of Policy on the Utilization of Stony Coral

It has been found that the current policy possess some weaknesses, such aslacking of guidelinesto
undertake good harvest practicesand itsmonitoring procedures. Furthermore, with potentialy largeareas
of Indonesian cord reef, the control and monitoring mechanism should allow theinvolvement of

non government bodies, including NGOs. private sectorsand self assessment, control and monitoring by
fishermen and collectorsand traders. Inthe near future, thefollowing procedures and protocol s must
beestablished;
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1. Production harvest guides: best collection practices;

2. Training to thefishermen on the best collection practices,;

3. Strengthening the collection site control and monitoring during and post harvesting and collection by
incorporating fishermenaspart of themonitoring and control systems;

4. Development of Rapid and Cost Effective Popul ation A ssessment and Monitoring in order tofulfill the
requirement of CITESnon detriment finding principle;

5. Increase activitiesof the local Conservation Agencies (KSDA) indealing with cora reef
rehabilitation activities, monitoring and evaluation;

6. Encourage Cord Reef Trade A ssociationin undertaking and extending of coral reef transplantation
activities,

7. Providetraining tothefield officialsespecially on cord identification, transplantation, monitoring and
evauation;

8. Encourage research by universities, NGOs and other relevant agencies,

9. Review current policiesand legidation.
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Overview of Indonesian Coral Trade: Importance to Coastal Communities,
Health and Safety Issues, Users Conflicts and Illegal Trade Concerns

Arief Wicaksono, M. Putrawidjgja, and M. Imran Amin
IMA-Indonesiaand Yayasan Telapak Indonesia

BACKGROUND

Coral reefsareone of Indonesia smost important and highly diverse natural resources. Spanning an area
of about 85,700 km2 distributed in more than 14,000 reef unitsin 243 sites (L1PI 1997), they are one of
themost extensive of theworld. The ecosystems provide animportant habitat for valuablefood and
ornamental fish species, aswell asafood and income source to thousands of coastal communities. They are
also offering coastal protection and tourism revenue.

Livecord trade, together with livefood fish and ornamental fishtrade, isoneof significant livereef fisheries
industry inIndonesia. Occupy only five percentsof total country’sfisheriesindustry; it contributesmore
than forty percentsof total country’sannual income. No detail reportsonitsvolumeand valueavailable
recently. Ontheother hand, theindustry aso significantly contributesthereef habitat destruction. Live
cord collection produces morelossthan benefit, about 75 times, whilelivefood fish and ornamental fish
catch producelossas morethan 100 times asitsbenefit.

Somenational lawsand regulationsa so pertain cord industry, including The Wildlife Protection Ordinance
of 1931 and Law No. 5/1999 regarding The Conservation of Natural Resourceand Its Ecosystems. On
the contrary, neither of theselawshasbeen well enforced since some of the practices have continued. The
construction of Soekarno-Hattalnternational Airport and land reclamationin north Jakartareportedly
mined sand and coral sin Kepulauan Seribu and suspected to be responsi blefor the disappearance of six
smdl idandsinthearchipelago (Anon. 1997ain Bentley 1998).

OBJECTIVES

International Marindife Alliance (IMA) Indonesia, Ministry of Marine Affairsand Fisheries(MMAF) of
Indonesiaand Yayasan Telapak Indonesiatrying to arrange an overview of the coral exploitation and trade
inIndonesiawith two major preliminary monitoring Sitesin Jakartaand Denpasar aswell asseverd fishing
ground monitoring sites (Lampung, Kepulauan Seribu, Ujung Kulon, Kep. Karimunjawa, Sumenep, €tc.).
The picturesquewill aso contribute to the 2001 Country Status Overview of Live Reef Fisheries
Exploitation and Tradein Indonesia.

Annualy, thismosaic will expectedly be updated and devel oped continuoudy asafoundation for designing
intervention strategieson policy, trade, lawsand socioeconomic with theinvolvement by loca fishing
communities, NGOs, bus nesscommunities, and thegovernment.

OBSERVATION APPROACH

To observecoral trade and industry, we assumethat change paradigmisan integrated aspects of resources
exploitation and trade, quality of habitat (and the environment), and quality of life of the community. Those
three aspectsareinterdependent.
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Based on the aforementioned paradigm, Indonesia, asaworld’ smajor cora collecting Sites, receivesonly
very limited valuesand long-term benefits generated from regional and global trade. Whilst, traders, or
other mgjor beneficiaries of theindustry on thedemand side, did not receive depression and risks
concerningintensive habitat degradation dueto theintensive exploitation.

INVESTIGATION APPROACH

Theinvestigation gathersinformation from al actorsinvolved in theindustry, including who potentialy harm
the habitat and community livelihood qudity, either directly or indirectly. It focuseson picturing theindustry
inlarge scale, with somein-depth case studies. Mot of them are secondary information, vary from export
tablesproduced by severa government bodiesto experts and scientificingtitutions' reviews. Thereport
alsorelied onmany interview to credible sources asamean of verification of the secondary datagathered.

All thedatagathered are purposively arranged to havethe overall mosaic.

IMPORTANCE TO COASTAL COMMUNITIES
LIVECORAL TRADE

Livestony corasarelargely traded for aquarium, both export and local. The industry iscenteredin
Jakarta, since Jakartaairport isthe CITES spreferred export gateway dueto the proximity to some
facilities, including permits, proper transport and handling facilities, etc.. Besides, the CITES
Management A uthority for Indonesiaholdsby the Directorate General of Nature Protection and
Conservation islocated in Jakarta. Morethan 80 % of the daily hundred-boxes exporters shipment
containslivecora fromthe Jakartalnternational Airport. Bai isalso center of thetrading, with lower
volumeand numbersof exporters. Most of livefish exportersin Bali ship out morefish than stony corals.
Primary destinations of theindustry are European countriesand the United States. Jakartaisalsoamajor
local market for the commaodity, wherethe magjority of traderslocatein Jalan Sumenep, Central Jakarta.
Another smaller marketsdistributed in Jakarta, aswell as some pet shopsin main shopping centers. Primary
marketsarelargdy five-starshotel sand restaurants, shopping mals, and high-raised offices, aswell as
hobbyistscoming fromthe high-level society. Lower-level individua consumer prefers freshwater
aquarium becauseit haseasier and cheaper pet-keeping procedures. Someloca merchantsadmit that they
offer lower quality cora than theexport one.

Most of stony coralsare collected infishing ground surrounding those two major gateways, such as
Lampung, Kepulauan Seribu, North Sumatra, Bangka, Bdlitung, Kepulauan Karimunjawa, Sumenep, and
Flores. Cruz (2000) reported K epulauan Seribu - off north coast of Jakarta- isone of collection sites of
the Acroporabranching cord, mostly staghorn; even though the 2001 Tel apak/Palung survey reported that
intensity has been decreased significantly during last decade. Cruz (2000) also reported that rarered
Gonioporacord harvested in Kendari, Makassar (South Sulawes ) and Lampung.
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Despiteitsvery smal margin, coastal community gainssomeprofit directly from cora trade, mostly thelocal
fishers. Obvioudly, the coras collected are very under price, compared to the profit received by the
exporters. In Lampung and Ujung Kulon price of some stony coralsis Rp. 500to 2000 (US$0.5t0 2
cent?) per piece, whiletheexporterssoldit for US$ 5 per piece, at thevery least, totheir importers (IMA
Indonesia2001).

DEAD CORAL INDUSTRY

Despiteitsimpact to coral reefs- whichisassumeto belarge- coral aso representsanimportant, cheap
and abundant construction material in small idand community for centuries. Bentley (1998) reported that
coral also used for constructionin Java, Kalimantan, Bali, Lombok, Sulawes and Maluku, ether crushed
andfireto producelime (animportant constituent of cement), or aspiecesfor usasbuilding blocksfor walls
and foundations. Most of them are the member of dense cal cium carbonate skel etons generaof Platygyra,
Poritesand Favia (Putra1992 m Bentley 1998). Bentley (1998) stated that coral [imestone hasbeen
mined from JakartaBay for jetties construction since 1800s, until Jakartaprovincia government banneditin
1970. Itisaso had been outlawed in Bali since 1985. Ten of more than 200 speciesof black coral (mostly
Antipathes) had been commercidly exploited for jewelry production. Recently, theindustry isgettingrare
and anecdotal reportsthroughout Indonesiasuggest that itisnow hard tofind (Bentley 1998). Ladt,
branching coral isalso commercidly exploitingin curiotrade, whichiswidely soldin most public beaches.

HEALTH AND SAFETY
IMPACT TOREEFHEALTH

Reef extraction producesimpact to theindustry itself, both directly and indirectly. Theindustry potentially
destroystheresf, if it dwaysharvestswild coral instead of cultureone. Local fishersrequirediggingupa
sguare meter of reef to harvest 10x10 cm?coral (Telapak, pers. comm. 2001). Local fishersharvest more
live coral than needed to meet their family daily needsand somelittle extrato pay their debtsto middieman.
Furthermore, only 50 % of live coral shipped out from collection site die beforereceived by the exporters.
Thesituation forcesmiddieman and loca fishersto collect more cora than ordered, usually 100 percent,
oftenincludesunordered speciesaswell. Other reef extraction practices, such asdestructivefishing (such as
cyanide and blast fishing, muroami, etc.) and coral mining, contributes bigger threat to lessthan 29% good
conditionreefs(L1PI data2000), the number usesto set the quota.

Whileexportersenjoy higher profits, local fishersdirectly dealing with the decrease of quality of the
collection site, with the absence of coral reefs management. Oncethe cora reefsdamaged, local fisherswill
haveto sail further just tofind better reefsto collect stony corals. On the contrary, other actors, particularly
middleman, will easily hirefisherswhowill likely tofishfurther. Moreover, exportersor larger scalededers
will easily find other collecting Sites.

IMPACT TOTHELOCAL FISHERSHEALTH AND SAFETY

Cord harvestiscarried out by local fishersusing “hookah” - surface compressor air supplied diving
apparatus- or by freediving. Usually they useindustria oxygen supplied compressors, while somedivers
usehugetireinflator asoften usesin Eastern Indonesia. Hookah diversrisky toinhalecompressor’s
[ubricant polluted air supply and al so suffer decompression sickness, vary from light deaf to paralyze, dueto
improper decompression procedureto befollowed.
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It is also known that most of coral harvest fisher are also catch ornamental fishes. Since most of
ornamental fish catch usualy using cyanide, the diversa so potential to exposethe cyanide contamination.
They can suffer lung disease, aswell aseye and skinirritation from the exposure.

USERS CONFLICTS

Conflict among usersoccursfor severa reasons, such ascollection sitesdispute, price competition and
accessto market. Most conflict suspected to be occurred between middiemen. Basically, middieman
committed to deliver their product to the exporterswho support hisoperation with money. Sincethe
exporterstend to under pricethedelivery and sometimesdoesnot pay it full asaportion of aloan
amortization, middleman tempted to secretly divert hisinventory to other exporterswhowillingtopay in
cash. Collection sites sometimes disputes between loca fishers and local community who doesnot
harvest cord. Someloca community complainsthat they arethreaten by coral collection practicesinfishing
ground, asthat happened in someidandsnorth of Central and East Javaawhileago. Debt amortizationis
another potential conflicts, sincethereisnot any formal agreement. Debt givesonly based on trusteeship.

ILLEGAL TRADE CONCERNS

Illegal tradeof live coral isnot very common. Cruz (2000) stated that it isunclear to what extent export
guotas have been enforced: AKKI118 claimto bewithin their quota, while other non-member companies
based in Makassar and Manado are a so exporting coral swithout permits. Those undocumented corals
usualy export to non-CITES signatory countriesor lessstrict inimplementing the convention. Practicaly,
they insert live coral sinside boxes contain ornamental fish. Bentley (1998) aso reported agrosstrade
volumereported by theimporting countriesin 1995is7% higher over thequotalevel. Theoreticaly, theonly
toolsto monitor the coral tradeisthe export quotafor varioustaxaissued by CITES. The quotasetsby the
Directorate General of Asosias Kerang, Karang dan Ikan HiasIndonesia(Indonesian Shell, Cord and
Ornamenta Fish Deders Association)

Nature Protection and Conservation - asthe management authority, based on scientific advicefromthe
National Institute of Sciences(LIPI) - asthe scientific authority, before divided among membersof AKKII.
The system regul ates under the Government Regul ation No. 8/1999 regarding Wildlife Floraand Fauna
Use. Unfortunately, theregulation only regulatesasmaller volume and taxaof coralsallow to be harvested
than market demand. Only 72 Indonesian speciesbelongsto Agariciidae, Pectiniidag, Poritidae,
Siderastidae, Favidae, Peciniidae, Trachyphylliidae, Dendrophylliidae, Mussiddae (except some
Lobophylliasp.), Galaxea, Hydnophoraand Scapophylliahas been regulated by the CITESfor collection
(2,000,000 pieces) and export (1,000,000 pieces) in 2001. The situation offersan opportunity to
legdlyexport the commodity for non-member companies, who does not haveincentiveto report their trade.
And even that, the quota estimation refersto reef accretion rate and coral growth rate, without any consider
externa factorssuch aspollution and natural disasters. In practice, reef accretion and cora growth are
highly depend on many factors, whereaswe do not have adequate capacity to monitor real growth. 1t may
be negativerate or decreasein popul ation and coverage sincethedestructionrateishigh. Aboveall,
Indonesian reef ispatchy distributed in morethan 14,000 units, whichisnot alwayslarge but mostly in
small-sized unit. Each unitishighly susceptibleto any threats. Thesituation getting worst sincethe
management authority does not devel op reporting protocol from collection site, not to mentionthelocal
staffsdo not have adequate capacity to monitor thetrade.
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They treat the coral trade aslogging industry; the SKA 10 and SIAS11 document arrangement generalizes
astimber product documents (SAKO12 or SAKB13) and other wildlife products, whereas cora handling
iscompletely different from forest products handling. Theexport volumerecorded by HS (Harmonized
System) Code does not represent the coral, but marine ornamental fish species. And eventhat confused
withfreshwater ornamental fish speciesand pumices. The situation makesthe government difficult to
monitor thetrade. Thelaw would also beharder toenforceinloca levd, asitisdifficult toidentify live
from dead coral, particularly when specimens split and dried for lime production.
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The Status of the Ornamental Trade in Australia: Collectors, Collection Areas
and Management Strategies for Coral Resources in Queensland.

Ms Sian Breen (Queend and Fisheries Service) and
Mr Randall Owens(Great Barrier Reef Marine Park Authority).

Cord harvestingin Australiatakes placeinthetropica state of Queendand and the Northern Territory
andthetropica haf of Western Australia. Queendand supportsthe highest level of participationand
harvest, with Northern Territory and Western Australiareefsonly contributing asmall part of theAudrdian
cord harvest.

InAustralia, CITES controlsare administered under the Wildlife Protection (Regul ation of Exportsand
Imports) Act 1982 and, as such, the Commonweal th Government isinvolved in regul ating coral tradeand
exportin Australia. Coral isnot listed on schedulefour of the Act, thereforeit issubject to Ministeria
approval to allow export. To dateno Ministeria approvalshave been givento export coral from any part
of Audtralia, thereforethefishery suppliesthedomestic market exclusively.

In Queendand, regulated cora harvesting beganinthe 1930s. Over the next decade the booming tourist
tradeto North Queendand demanded large quantities of dead cora specimensfor highly sought after
decorative ornamentsand souvenirs. With better technol ogies, husbandry techniquesandfiltration
systems, and abetter understanding of coral biology, atrend towardslive aguarium coralshas occurred
over the past tenyears. From 1985 the percent of coral takenin Queendand for thelive aguarium market
increased from 14% to about 90% today.

Queendand’'scommercial coral fishery now supports 36 coral collectorsand itsestimated valueisinthe
order of $1 millionannually. Collectorsare permitted to harvest coral only from alimited areaof thereef,
which has been estimated at |essthan 0.0003% of thetotal Great Barrier Reef World Heritage Area, and
lessthan 0.006% of thetotal reef/cay area. Thereare50 coral areasin Queendand waters, of which 48
occur within waters of the Great Barrier Reef Marine Park. Each coral areahasaTota Allowable Catch
of 4tonnesattachedtoit. Uptofour licence holderscan accessonecora area.

The 1999 harvest comprised about 10 tonnesof hard cora for the ornamental trade, 12 tonnesfor thelive
hard coral market, 1 tonne of soft coral and about 20-30 tonnesof living rock and rubble.

Withincreasing demandfor live cord, careful management isrequired to esnurethat thefishery is
ecologically sustainable. Therearemany issuescurrently facing the coral fishery in Queendand. Most of
thecoral collection activitiesin Queendand occur inwatersof the Great Barrier Reef World Heritage
area, whichismanaged by the Great Barrier Reef Marine Park Authority (GBRMPA) independently of
the Queendand Fisheries Service (QFS).

The GBRMPA and the QFS collaboratively manage cord collectioninthe Great Barrier Reef Marine
Park and permits/licencesare required from both agenciesto undertake collection.
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Theresponghility of the GBRMPA isof coursedifferent to that of the QFS. The obligations of managing
and presenting the Great Barrier Reef World Heritage Areaimposeacritical responsibility to conservethe
areafor futuregenerationswithitsvaluesintact asasdlf-perpetuating ecologica syssem. GBRMPA has
clear national and international obligationsto protect the species, communitiesand habitatsinthe Great
Barrier Reef Marine Park and World Heritage Area.

Intermsof the management of fisheries, including cora, it meansthat GBRM PA must assesstheimpacts
that fisherieshave on theval ues of the World Heritage Area.

Under the Great Barrier Marine Park Act (GBRMP) Act, the GBRM PA must haveregardto:
- Conservation;
Protectionwhileallowing reasonable use;
Regulation of activitiesthat exploit resources so asto minimisetheeffect of thoseactivities,
Reservation of areasfor gppreciation and enjoyment; and
Preservation of areasundisturbed by man.

Theseresponshilitiesmean that the GBRM P Act has significant influence on the management and access
tofisheriesresourcesprimarily by zoning plansthat regulate activities, including fishing.

Concernsthat the GBRMPA haswith thecoral fishery include:
Ability toaudit ESD;
Impact of collection on non-target species, habitat and benthic communities;
Compliancewithfisheriesand GBRM P management regul ations; and
| nteraction with tourism and recresational usage of GBRMP,

Withinthe GBRMPA, oneof four critical issuesgroups, the* Fisheries|ssuesGroup” hasasitsmajor
responsibility thetask of ensuring that fisheriesare ecol ogicaly sustainable and do not compromisethe
valuesof the Great Barrier Reef Marine Park and World Heritage Area.

Thechallengefor the GBRMPA isto achieveitsobjectivesand fulfil itslegidativeresponsghbilitiesthrough
cooperation and negotiation with QFS (and other agencies) rather than usingitslegidative mandatein areas
that are considered by many to betheresponsibilities of fisheriesmanagers.

Thechallengefor thecommercial cora fishery in Queendandisto meet ESD objectivesand to maintainits

statusin theface of increasing pressuresand community concern for the maintenance of world heritage
vauesintheareasinwhichthebulk of thefishery occurs.
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Country Report: Status of the Trade in Stony Corals, Republic of Fiji

EdwardR. Lovell, Biologica Consultants, Fiji,
PO Box 3129, Lami, Fiji

ABSTRACT

InFiji, thetradein stony coralsischaracterised by avariety of productsand uses. Thecuriotrade
provides bleached skeletonsfor decoration. Theaguarium trade collectslive cora with associated
invertebrates, fishand liverock for the overseasmarket in * mini-reef” aquaria. Themedical industry
collectscertain speciesfor bonereconstruction. Domestically, they areused for lining soakage pitsin
septic systems. Maricultureof live coral and liverock for aquariaisbeing researched and have been
marketed.

Beginningwith curio cora collectionin 1984, adding greater val ueto reefsthrough coral collection
continuesto beatask that has been hindered by uncertain management and thelack of scientific research.
Thishasresulted in conflictswithinindustry, tourism, and Government. Despitethis, theindustry hasbeen
thriving with exportsgrowing steadily. Though apositiveindicationthat therateof field collectionis
sustainable, without scientific validation concern will continueto be expressed that wild caught stocks may
beover exploited. Therecent masscoral bleaching eventsof 2000/2001 hasimpacted theindustry ashas
thecoup of May 2000. Inthelatter instance, the declineintourism resulting fromthe political turmoil has
ledto areductionintheflight and freight servicesto Fiji. Thisreductionisof particular concernwith
regard to the access of marketsfor live materia. The post-coup Government approach to expanding the
industry to more participantsisat oddswith previouspolicy.

Generdly, the presence of themarinetenure system whereby local communitiesareresponsiblefor
well-defined coral reef areashasmeant that local partnershipisrequired. Traditional concernfor cora
reef fisherieshastrandated, in most cases, to an attempt to formul ate and adhereto sustainable practice
techniques. Poor practicethrough greedisstill uncensored. Theknowledgeof ‘best practice’ methodsis
still not industry wide. Neither istheawarenessat thevillagelevel that thisindustry isoperatingonabasis
not yet confirmed by science and that theindustry should be considered experimental .

Management decisions, at Government level, aretill hindered by thelack of scientific assessment and
monitoring of theresource. Theonly export quotain placeisfor thecurio tradeand thisisbased ona
restricted freight spacelimitation rather than speciesor their numbers. Thereisno formal management plan
though there are Fisheries Division guidelinesdevel oped for the curio coral trade and now adapted to the
new industries. Theomission of the coral trade activitiesfrom coastal management decisionshasresulted
inconflict with eementsin thetourism sector. Lega obligationsare confined to CI TESreporting and the
requirement by Government for permitsand licenses.

Cord assessment istill categoricd in nature, with both techniquesfor assessment and monitoring still
being devel oped. Activeresearch concentrating onthese problemsislargely non-existent, though one
post-graduate topic isaddressing someof theliverock tradeimpacts. Thereisaseriouslack of capacity
to adequately conduct such assessment, ascord identification skillsareweak and SCUBA certification
uncommMmon.
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1.0 Background information on thetradein stony corals
1.1 What typesof coral tradeexist in Fiji?

InFiji, thetradein stony coralsutilizescorasfor avariety of purposes. Thecurio trade providesbleached
skeletonsfor decoration. Theaguarium trade collectslive cora with associated invertebrates, fishandlive
rock for ‘mini-reef’ aguariaecosystems. Themedical industry requires certain speciesof corasfor bone
recongtruction. Domesticdly, coralsareremoved for lining soakage pitsin septic systems. Limeisderived
from cora sandsfor agricultureand cement. Mariculture of live coral isbeing developed and both live
coral and rock are currently onthemarket. Description of the aquarium and curio tradesin Fiji may be
foundin Lovell (1995, 1999, 2000).

1.2 When did thetradesstart?

Cord harvesting started in Fiji in 1984 with Seaking Trading Company engaging inthe curio tradeand the
aquarium fishtrade beganinthat year with Aquarium Fish, Fiji. Liverock exportsbeganin 1992 with
South Seas Export (now trading under Tropical Fish, Fiji). Limited live cora exportsof cora beganin
1994 with the establishment of Turagaiviu Pty Ltd., whichlater became Ocean 2000. Aquarium Fish Fiji,
after 17 yearsof collecting only fish, began exporting livecora in 1999. A second curio trader, Acropora
International appeared in 1992. Walt Smith International (WSl) in 1995. Recently, Mare Research has
been allowed to export liverock placing in question the Fisheries Division moratorium on theissuing of
licensesuntil anational management planisin place.

Table 1 showsthefiguresfor the varied exportsover thelast four monthswith annual estimates.

Table 1. Total Exportsof Aquarium Productsand Curio Coral for 2001
Category Product Quantity Fisheries
Divison Annual
est.
Curio Decorative coral 41,683 pcs. 125,049 pcs.
Medical coral (sometrans- | 13,712 kg. 15,000 kg.”
shipped)
Aquarium Live Rock (Coral Base) 662,552 kg. 1,987,656 kg.
Coral pieces 367,308 pcs. 661,154 -
1,101,924 pcs.
Fish 103,699 pcs. 311,097 pcs.
Invertebrates 7330 21,990 pcs.
Clams 16,631 39,893 pcs.
Sand 20,941 62,823 kg.

TheFisheriesDivision annual estimates are derived fromiit’sdatabase for the months of Jan-April. April
figureshave been estimated by the Fisheries Division. They areincorrect with regard to thelive cora
exports. Seefollowing explanation.

2Theannua estimateistheresult of intermittent shipments
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comparing the Fisheriesdatabase estimateswith the exporters actua estimatesshowsalargedisparity.
Thisisdueto the Fisheries Division database not reflecting the true exportsastheresult of inattentionto
themethodology. TheFisheriesDivisionrecordsexport statisticsthat are based on permitted numbers

issued mixed with actua exportsstatistics.

Thefragilenature of thelive exportsand the odd hours of shipment duetotheairlineschedules, a
permitting protocol existswhereby the Fisheries Divisionissues permitsin advancewith excessive
numbers so asto cater for the numbersin the shipment. The system should allow the permitted numbers
to berectified by the companies submitting thefigures actualy shipped and thesearethen entered into the
database so that afaithful tally isrecorded. What has been occurring isthat the permitted numbershave
been very large and these numbers have not been corrected for actual exportsgiving anoverly inflated
export figure. Thissituation hasbeen highlighted several timesinthe past four yearsand though attempts
have been made to remedy the problem, the recorded export numbersin the Fisheries Division database
areat least 6 timesthe actual exportsfor livecoral. Thesefasenumbershavegivenriseto consternation
both in Fiji and abroad within regul atory agenciessuch asthe CITES secretariat. Theliverock estimates
and thecurio coral exports approximatethe actual exports.

It has been suggested by the Aquarium Tradersand Curio Cora Council that aprofessiona audit firmis
employed to accurately account for theexports. The schemewould involvethe submission of theactua

export figuresto theaccounting firm. Thefirmwould havethe opportunity to audit theindividua export

figuresonabi- or annud basis. Thisaccurateaccounting will beimportant inthe progressive monitoring
of annua quotas.

2.1 TheTaxonomy and Numbersof CoralsExported

Tables2 & 3 provide someof the 1998-99 export details of theleading companiesintheaquarium (Walt
Smith International) and curio trade (Acroporalnternationd). A boldlinethroughthelisting denotesthe
ten most common coralsinthelivecora and curiotrade. Theannua volumesareindicated. Multiple
sourcesof the country of origin represent transshipment of productsthrough Fiji.

3.0 Variability in Exports
3.1 Season

Thereisseasonality in market demand, which relatesto the Northern Hemi sphere summer and winter.
Aquaristsare moreinclined to buy aguarium products during the winter when outside activitiesarelimited
by weather.

3.2 Competition among Exporters

New entriesinto theindustry have givenriseto apricewar with regard to liverock, which has caused the
priceto plummet fromahighin 1996. Thecurrent priceisthreetimeslower at US$1.10 per pound.
With different approachesto the collection and preparation of theliverock, poor practicecan giveafase
competitiveadvantage. Ficklenessinthemarket, naive consumers, and exporterswith little market
understanding or strategy tend to depressthe price and diminish thereputation of Fiji Live Rock. Inferior
rock meansalower returnon sale price. Themoratorium onindustry entry has been ended with alicense
beingissued by the FisheriesDivision. Anexport problemisthelimitation of cargo spaceontheairline.
The coup caused areductionin airline capacity, which now lookslike being further reduced. Withthe
limiting of flightsand thereduction in planesize servicing Fiji, freight space becomeslimited and a so more
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Table2: Walt Smith International Exports(Jan. - July, 1999)

Genera No. of Pieces (pcs) | Source with highest % of
shipped export listed 1%
Acropora 3393 FITIS
Digtichopora 1289 V
Lobophyllia 1031 FIT
Hydnophora 840 S
Sylastrea 775 FIT
Euphyllia 693 FTIS
Tubadraea 662 F
Fungia 613 FIS
Porites 611 F
Montipora 604 S
Plerogyra 542 T
Goniastrea 527 FT
Favites 519 FT
Patygyra 475 F
Turbinaria 470 FT
Cauladrea 460 F
Seriatopora 450 F
Goniopora 399 T/S
Pocillopora 374 F
Pavona 266 SF
Pachyseris 261 T/F
Pectinia 246 SF
Sylophora 225 F
Cadaphyllia 215 B/T
Millepora 180 F
Galaxea 159 FITIS
Heliofungia 133 S
Trachyphyllia 124 B/S
Scolymia 120 B
Polyphyllia 101 S
Oxypora 82 SF
Mycedium 60 SF
Acrhdia 12 T
Heliopora 8 S
Montastrea 4 S
Blastomussa 2 B
Echinopora 2 F
TOTALS 16927
Non-Scleractinia pcs. 22804 B/T/FHSV
Assorted Species 32333 B/T/FHSV
Assorted Invertebrates 15520 B/T/HSV
Live Clams
Tridacna crocea 2070 sV
Tridachaderasa 827 T/S
Tridacnagigas 39 S
Tridacnamaxima 2719 FTIS
Tridacha squamosa 0 T/S
Hippopus hippopus 23 S
Live Rock
Assorted types Cordline | 291837 kgs. FT
Algaerock
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Table 3. Curio Coral Export Figures for Acropora International 1998

Species Common name Pieces shipped
Pocillopora verrucosa Brownstem 28,587
Sylophora pigtillata Elkhorn Pacific 10727
Acropora palifera Catspaw 8071
Pocillopora eydouxi Cauliflower 7372
Acropora hyacinthus Table 7027
Acropora nobilis Staghorn 4666
Seriatopora hystrix Birdnest 4407
Acropora humilis 4287
Pocillopora damicornis Lace 4277
Acropora echinata Tree 4069
Acropora latistella Table 2783
Acropora microlados Table 2759
Acropora nasuta Table 2330
Merulina ampliata Merulina 2261
Lobophyllia hemprichii Open brain 1768
Acropora digitifera Table 1692
Acropora granulosa Table 1445
Acropora vaughani Branch 1275
Millepora tenella Fire 1263
Turbinaria frondens Blackcup 814
Tubipora musica Pipe Organ 750
Leptoria phrygia Close brain 700
Acropora valenciennesi Branch 528
Pavona lata Cactus 497
Millepora exaesa Slabfire 484
Pavona clavus Pillar 403
Tubastrea micrantha Octopus 326
Echinopora lamellosa Poca 199
Pavona cactus Glass 929
Acropora florida Branch 89
Pachyseris speciosa Speciosa 75
Turbinaria reniformis 51
Porites lobata 23
Pachyseris rugosa Rugosa 19
Coscinaraea exesa 16
Montipora aequituberculata Poca 15
Total: 106,154

3.3 Community and Political Disruption

Particularly aprobleminthecuriotrade, differencesof opinion, fishing rightsdisputesand genera envy has
givenriseto aggressive confrontation both between villagesand village and exporter. Theaguariumtrade
hasbeen largely immune but di sputes between operatorshave highlighted theindustry inapoor light. This
hasgivenriseto political intervention.

3.4 MassCoral Bleaching

Another circumstance affecting theindustry wasthe mass cora bleaching phenomenon that severely
affected Fiji inthe Feb. /Mar of 2000 (Lovell (inprep), Cummingeta. (inprep.), Toscanoetd. (in
prep)). Mortality on cora reefsvaried between 10-80%. |n Bau Waterswhere both typesof collection
occur, thecuriotrade
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went from collecting 36 speciesto 11 dueto bleaching mortality. Theaquarium tradersare now only
collecting soft coral sdueto thelack of marketable speciesand sizes. Reportsof adeclinein coral stocks
also occurred inthe Bega L agoon.

4.0 Methodsutilized in extraction

Whether inthe curio, aguarium or liverock trade, thevillage collectors go to thereef areaand removethe
coralswith stedl bars. Inthe caseof WS collectors, large screwdriversare used for the collection of live
coral, whichislesslikely to damagethecora or create collateral damage. The coras, whether curio or
aquarium, are stockpiled on the bottom prior to transferring themto theboat. Thecurio cora iscarefully
loaded so asnot to cause breakage. Theaguarium cora piecesare packedindividually inaplastic bag
andfilled withwater and submerged in aflow through holding tank that istemperature controlled.

5.0 Coral collectors

Collectorshired by theexportersare made avail ablethrough achiefly village arrangement. Currently,
thereare 371 collectors. They work in groupsout of asingleboat or asteamscollecting liverock. The
collectorsmay rotateduty in somecases. They areall supposed to havefishing licensesbut licensingis
often confined to asingle member of theteam and isnot policed.

Fiji isideally suited for such anindustry asthereisan intrins ¢ partnership required with the exporter that
offersbenefitsto the coastal village. By law, thevillagesarethe custodians of thefisheriesresourceand
areresponsi blefor well-defined marineareas. Boundaries have been surveyed and charted by the Native
Landsand Fishing Commission areavailableas publicinformation. With thisarrangement, exploitation of
theresource conveysbenefitsat the community level. Thispresentsan opportunity toingtitutea
conservation practicein theform of aone-operator/oneareaconstraint on collection. Thispracticehas
the benefit of accountability for the operation and all owsthe exporter to take only appropriate specimens
and only that which isneeded for immediate shipmentswithout concern from competitorscollection.

Limitsontheamount of collection areimposed by theavailability of international air serviceand roads.

For thecuriotrade, collectionisby skindiving and theuse of SCUBA isforbidden. For theaquarium
trade, theuse of SCUBA isgained through Fisheries Division exemption. Thereisno compulsory adher-
enceto aresource extraction plan, per se, asmight befound in amanagement plan but rather isdictated
by theavailability of theresource. Collectorsdiscussthe current state of the resourceand collection
requirementswith the exporters. Thereisacollection strategy but no reporting isconducted except as
required by CITES. Thelisting of only coralsprecludesrecordsbeing kept for both fish and invertebrates.
For CITES purposes, coralsarerecorded asto the number of piecesper genera. For liverock and sand,
kilogramsareused.

Collectingison request asdictated by export demand. Thismeansthat there are some standing requests
for speciesthat areawaysin demand. Likewise, thereisalist of speciesthat are never to be collected
usualy duetotheir unsuitability for aquaria.

Aswell asthecollectors, theindustry employs 75 staff permanently, and it isestimated indirectly 5,000.
Theresourcerent amountsto $100,000. Theindustry generatesforeign exchange earningsvalued at
approximately F$12mannualy. 25-30% but with estimates ashigh as60% for some productslikelive
rock, of revenuesgoesto Air Pecific asaquarium productsareair freighted predominantly to the United
States.
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6.0 Management of coral resources

FisheriesDivision guidelineswere developed in 1984 in response to the beginning of thecurio trade. A
management plan was proposed in 1999 (Lovell and Tumuri, 1999). This hasyet to be accepted. In
responseto thereport, asenate subcommittee wasformed to review theindustry. Beforetheir deliberations
wereknown, the country wasgripped by acoup that |ed to theinstitution of anew government. Despitemany
management recommendationsin thereport, it hasyet to beimplemented.

At present, thereisno formal regulation for the aquarium tradeintermsof quotaor constraintson collection
other than thoseimposed by the FisheriesAct (e.g. use of poisonsor explosives) and the Fisheries Division
Guiddines. Thecuriotradeislimitedin collectionto 49 containersof freight space but with no limitationon
gpeciescomposition or the number of specimens. The Department of the Environment isrequired toimpose
quotasaspart of their CITESresponsibilities. Thishasyet to bedoneasit should be based onfield
assessment, which hasyet to be carried out. The question remainsasto how to set the quotas. Using the
option of denying export permitsor of licenserenewa may enforcethe FisheriesDivisonsguidelinesor other
infractions. Thishasnever occurred.

All speciesof cora canbecollected & therearenolimitationson size or number. Guidance on collection of
species, formsand collection technique comesfrom the exporters. Optimizing correct speciesidentification
and minimizing damageispart of the on going efforts by companiesand collectorsto become moreefficient.

Thereare no ‘no-take' areas, per se, but large areas of reef are forbidden for collection dueto villages
deciding not toengageinit. Collection occursonly around Viti Levuwith most coasta partsof Fiji not utilized
by thetradefor logistical reasons.

7.0 Handling of wild-harvested corals

Every effort ismadeto minimizeinjury or damageto specimensasit diminishestheir value. During the
collection process, materia isaccepted or rejected at the warehouse and payment isnot madefor damaged
items. For theaquarium trade, the holding facilitiesusually receivethe organisms 2-4 hoursafter collection.
They attempt to export the material assoon as possibleand ship 2-3timesaweek. For thecurio tradethere
isno urgency with thedrying, wrapping, boxing and filling of the containersacontinuous process. Shipments
areby sea.

8.0 Monitoring, Assessment and Resear ch

The nature and abundance of specieshasnot been assessed. The capacity for assessment withinthe Fisheries
Divisonislimited dotoalack of resourcesand skills. Therearefew certified diverswith identification skills
either withinthe FisheriesDivisonor at the University. Presently, thereisno protocol to monitor and assess
the coral stock and consider theimpactsof collection. CITESrequirementsaretheonly monitoring available
and that is confined to the general categoriesof piecesand weight.

Research effortsare very limited although there are 17 post-graduatesin the Marine Studies Program at the

University of the South Pacific. Thereisasingleresearch topic being undertaken to assesstheimpact of the
taking of coral and liverock onfish numbers.
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Research to devel op mariculture asan adternativeis being undertaken by WSI, who now has 30,000
specimensunder cultivation. The Foundation of the Peoplesof the South Pacific through the Coral Gardens
project isdevel oping commercial maricultureat thecommunity level inthe samemanner as seaweed culture.
Efforts have been hindered by floods, crown of thornsstarfish, coral bleaching and large waves.

The prospect of growing cordsat thevillageleve ispromising but techniques need to berefined, the market
assessed, accessto and the size or capacity of the market remain ascongtraints.

9.0 Legal Obligations

The Department of Environment isthe CI TES Management Authority andissues CITES permits. Cora
shipmentsare sometimesingpected by the FisheriesDivision. For thecurio cora, theproduct ispackaged so
only thecontainerissighted. Permitsareissued by the Department of Environment and theFisheriesDivision
severa daysinadvanceof shipment with theactual CITES numberscorrected after shipment. Asthereare
few limitationson collection, theusefulness of ingpectionisminimized.

The Department of Environment needsadditiond assistancetofully understand CITESrespongbilitiesandits
implementation. Additionally, thereislittle capacity within the country toidentify coral even at thegeneric
level. Other obligationsrequire adherenceto the Fisheriesand Customs Acts.
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A Brief Country Report: Status of Trade in Stony Coral in the Solomon Islands

Peter C. Ramohia
Ministry of Fisheriesand Marine Resources, Honiara, Solomon Idands

INTRODUCTION
Basic Geography

The Solomon Idands (5-12°S- 152-170°E) isadouble chainwithtwo “strands’  enclosing the New
GeorgiaSound (The Slot of WWI1) between Choiseui, New Georgiaand Santalsabel and Indispensable
Strait between Malaitaand Guadalcand. Six mainIdandsare: Choiseui, Santalsabel, New Georgia,
Guadalcana Malaitaand Makira. Theidand stretches 1700 km northwest to southeast between
Bougainville(PNG) and Banks group (Vanuatu). Thirdlargest in South Pacificto PNG and NZ with
28,370 millionKM2. EEZ of 1.34 million KM 2, twicethat of Vanuatu and dlightly larger than that of Fiji.
Internal Waters (12 mileZone) is0.3 million KM2 - most coral reef occur. Archipelago formed recently
(25 millionyrsago) by tectonic platemovement, earthquake and submergenceand emergence. Of the
1500 Idands (comprising small idands, atollsand idets), most are raised vol canic limestoneidands.
Predominantly fringing reefson steep dopesof volcanicidands. Situated withinthe*Pecific Ring of Fire” -
activevolcanoes: Kavachi and Tinakula. Dormant: Savo and Paraso.

Climatesystem

South-easterly tradewinds (ARA) occurring from May to October - characterized by dry and fine
weather. North-westerly monsoon winds (KOBURU) occurring December to March - characterized
strong windsand wet weather. Mean daily temperatureal year round 28°C and rainfall range between
3000- 5000 mm per year.

Human history and Demogr aphy

Indigenous peopleof Sl diverse. Melanesian settled SI 4000 - 6500 years before present. Polynesians
2000 - 3000 yearsago. Leary (1993) - Melanesians 94.2%, Polynesians 3.7%, Micronesians 1.4% and
those of Chineseand Caucasians0.7%. First contact with“whiteman” when discoveredin 1568 by Alvaro
deMendana. 1897, Great Britain administered Sl asProtectorate. Political Independence gained from
Great Britainon 7' July 1978. Divided into 9 provinces. (1) Temotu province (2) Makira/Ulawaprovince
(3) Guadalcand province (4) MaaitaProvince (5) Rennell and Bellonaprovince (6)Centra Idands
province (7) Isabel province (8) Western province (9) Choiseui province. 1999 nationa census: Total
population of Sl 1s408,358. Population density of 14 persons per square kilometer. Population growth
rateat 3.6% per annum (1986 census). Mg ority of peoplelivein coastal communities.

Tenureand Owner ship

Customary Marine Tenure (CMT) systemisan important part of the cultures of SI and varies between
different cultures. CMT has been described as complex and dynamic and recognized under SI

constitution (FisheriesACT 1998). Under CMT, coral reefsand adjacent coasta areas (lagoonsand
barrier reefs) are owned under akinship group based ownership. Ownersare part of reef system and any
impactson reef system will have abearing onthem. Successor failure of projectsor conservation effort on
coral reefsdependson owners.
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Coral reef systems
Coral ReefsDistribution and Description

Cora reef mainly fringing and intermittent around all idands (Wellsand Jenkins, 1988). No coralson sandy
beachesand near major river mouths. Largest areasof coral reef occur wheretherearelargelagoon
complexesvarioudy protected by volcanicidands, raised idands, sand caysor barrier reefs. Significant
areasare: Around Shortland and Bougainville; Insidebarrier reefsaong the northeastern shore of Choiseu;
On either side of Manning Strait between Choiseui and Santalsabel; 1nthe Gizo - Vonavona- Roviana
lagoonal areason New Georgia ssouthern shore; Marovo lagoon - encircling Vangunu (southern NG)
and aong the northeastern coast past Ramataa most to Lever Harbour; Malaita: North Lau lagoon and
west Langalangalagoon; Marau: eastern Guadalcandl.

Long submerged barrier reefs (tensof Kilometres) likethe Great SeaReef (Fiji)do not occur in SI; though
small examplesare: Reefsaong northeast coast of Choiseui; Near Gizo and Munda(NG); Off Star
Harbour (eastern Makira); Northeast of Russell Idands; AcrossKangavaBay (south coast Rennell);
Around Utupua (SantaCruz); InReef Idands, aline of four reefsstretcheswestwardsfor 21 km; The
Gresat Reef dightly further north 25 kmlong.

Atollsare uncommon though some examplesare: Ontong Javaisthelarger one- 70 kmlongand 11-36
kmwide (reef flats enclosing 1400 km?2 of lagoon); Sikaiana- small atoll 10 kmwidewith45mtall
remnant of origina volcano; Oemaatoll inBougainville Strait; Rennell and Bellonaarerai sed atollswith
diffsandfringingreefs.

Infrequently visited mid ocean reefs (presumably covered with coral): Roncado and Bradley reefssouth of
Ontong Java; Indispensablereef south of Rennell; Several shoals south of SantaCruz.

Artificia Reefsfor coral: WWII transports, small vesselsand aircrafts sank in shallow lagoonsand waters,
mainly in Western province. Most of 67 warships, transports sank lietoo deepin Iron Bottom Sound for
cora growth.

A.BACKGROUND INFORMATIONINON THE TRADE IN STONY CORALS

Sporadic exports (mainly dead corals) since 1984 but no proper records kept asthere was no database
then. Tradein corals (hard and soft) was properly established in 1996 (Table 7). Table 1 givessome
indication of how much cord isexported annually since 1996. Figures however, represent number of pieces
exported rather than weight. Live specimensare exported mainly but sometimes, skeletonsand rocks(live
and dead) are a so exported.

Two companies exported coral s between 1996 and 2000. These are the Solomon Ilands Marine Exports
and Aquarium Arts. Thisyear, both are exporting under Aquarium Artsonly.

Thetrend since 1996 isobvioudy adeclining one. Whether thisisduetolocalized overharvestingisclear as

no monitoring or assessment studiesarein placeto ascertain this. The ethnic tension recently experiencedin
1999 and 2000 may have affected the exportsin these yearsrespectively though.
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At thisstageit isdifficult to determine the most common coral speciesand volume exportedinthetradedue
to the naming system used (mostly common names). However, speciesfrom thefollowing genusare mostly
exported:Euphyllia, Acropora, Goniopora, Montipora, Tubastrea, Favites,Gaaxea, Heliopora,
Lobophyllia, Merulina, Pachyserisand Fungia

B.CORAL COLLECTORS

Theactual number of collectorsare not known but Exportersare required to keep proper record of who,
when and where corasare collected. Collectorsare independent but they get assistance from the Exporter.

Collectors may not be necessarily hired by Exporter or even work for the exporter. Most collectorsare
from Ngdlain the Florida Group. Somefrom Marau Guada cana) and Munda (Western Province).

Collectorsarenot Licensed and required to have apermit. They areactually traditional reef owners- CMT.
Cora Collectionisdoneby collectorsin reef areasowned traditionaly by their Tribe/clan. Itisnot clear
however, whether they arelimited to certain portions of their reefs, depth or specificlocations. Thereareno
established collection sites other than the Exporter facilitiesin the capital Honiara. Mot collectorsobtain
coralsby snorkeling but there are unconfirmed reportsthat SCUBA and Hookar arealso used in certain
areas. Itisnot clear whether collectorsuse siterotation but | believe thisdoes not happen. However, under
CMT, seasona closuresfor marine resourcesare practiced in many communitiesin Solomon Idands-

Ngela

Collectorsmainly collected what Exporters/buyer requested.Collectorsdo not produce annua reportson
numbersand sizes of speciescollected and wherethey were collected. Exporter(s) isrequired to provide
theseinformation to Ministry of Fisheriesand Marine Resources(MFMR). Collectorsdo not have
information on mortality associated with collection.

Mortdity information may berecorded by Exporter for those occurring at holding facilities.
C.MANAGEMENT OF CORAL RESOURCES

Currently, thereisno Management Planfor coral resourcesbut MFMR isdefinitely going to develop one
after thisWorkshop. But a“ Fisheries Regul ation on use and extraction of Coralsand coral sands
prohibits (i) extraction of dead or live coralsand rocksfrom Protected Areasand (i) extraction of coras
and sand using heavy machinery” . Lime Production exempted. Under Solomon Idands Constitution, CMT
isrecognized. Under CMT, short term protected areas or closed/open seasong/areas can be declared by
traditional reef owners(tribe/clan) for marineresourcesincluding coras. A Cora mariculture (farming)
project iscurrently implemented by alocal NGO Solomon Idands Development Trust (SIDT) on Mdaita

85



D.HANDLING OF WILD-HARVESTED CORALS

Some guidance on best practicesto minimizeinjury and mortality during transport are expected to be
provided by Exporter. Some guidance are expected from Exporter with regard to handling and replacement
of unwanted corals. MFMR does not have Information on how long after coralsare collected beforethese
areprovided to the Exporter in Honiara. There are proper tankswith aeration and good water circulation
system at the Exporter holding facility in Honiara. Noinformation givento MFMR on how long specimens
areheldinthese holding facilitiesbefore export.

E.MONITORING, ASSESSMENT AND RESEARCH.

The condition of coral reefsand abundanceisnever assessed before collection. Thereisno protocol in
placeto monitor the status of resources and assessimpacts associated with coral extraction. Thereis
currently no scientific research examining thelife history featuresof corasintradein specific collection Sites.
Sl isgetting assistance from the Canadian Government tojoin in the Global Coral Reef Monitoring Net-
work. An Interim Steering Group has been el ected to spearhead setting up of aNational Coordinating
Committee. TheNCC will then Planthein- country coral monitoring activitiesand programmes.

F.LEGAL OBLIGATIONS

MFMR and ECD (MFEC) issue permitsfor coral export. Coral shipmentsareinspected by Officersfrom
MFMR before exported. Country isnot experiencing overexploitation of coralsat thisstageand itis

our wish that thisWorkshop would gresatly assist usin devel oping aManagement Plan for theresource.
However, should the need for assistance arisein future, wewill surely request it from proper experts. The
Solomon Idandswould certainly need training in coral identification for our law enforcement officers. Our
database needsto be revised to cater for more accurate and relevant information on the trade.

TABLE 1: Coral export 1996 to 2000

Product Type/$ 1996 1997 1998 1999 2000
Pieces 175,203 6397 84755 58181 27,331
$SBD 587,584 289,970 203,628 211,785 110,837.50

Source: Statistics Officeand MFMR.
Note: Thesefiguresinclude both hard or stony corals (including rocks) and soft coralsand represent pieces
exported rather than weight.
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Country Report of the Kingdom of Tonga: Status of the Trade in Stony Corals

Viliami * Anitimoni Petel o, Principa Fisheries Officer, Management & LicenangDivision,
Ministry of Fisheries, PO Box 871, Nuku' dofa, Tonga

A. BACKGROUND INFORMATION ONTHE TRADE INSTONY CORALS

Thetradeof stony coralsin Tongastarted in 1988 by onetropical aquarium fish operator and exporter called
the Exotic Tropic of Tonga. Stony corals, ornamental fish and invertebrateswere harvested and exported to
the United States of Americafor aguarium purposesonly. Thebeginning of theagquariumindustry in Tonga
can be dubbed asan American-and-Tongan view initiated by aparty consisted of Americansand Tongans.
Thefirst company ceased operationin afew yearsthen another operator was established called the Walt
SmithInternational. Thus, from 1988 to 1992 harvesting of cora sfor aguarium trade was undertaken by
only one operator/ exporter. After 1993, three additional operatorsjoined theindustry; Intra-Pacific, Seaof
Colour, and the Dateline Aquarium Fish. In 1995 theMinistry of Fisheriessat up apolicy that only 5aquarium
operatorsper year beallowed to conduct aguarium activities inthe Tongatapu group, themainidand group
of the Kingdom of Tonga(refer the attached map). By the end of 1996 two operators stopped operation,
thentwo companiesMeeD. Vaha i and Topac Marinefilled up the vacancies. Both operation stopped after
lessthan 12 months. In 1999 therewereonly two playersintheindustry, theWat Smith International (Tonga)
and the Dateline Aquarium Fish Co. Ltd., thenthe Vanis International joined intheyear 2000. At present,
three operatorsare currently active on thestony coral trade. The cora harvesting activity mainly confinesto
Tongatapu and isyet to be extended to other groups, such asHa apai and Vava u.

Twomaor typesof stony cord exported from Tonga, thedead rock (hereinafter referred asaguarium rock,
liverock or dead coral) and live coral. The agquarium rock are mainly Scleractinia sp. of which each
aquarium operator/ exporter isallowed to export no morethan 100 metric tonsper annum. Thisquotawas
setin 1995. Regarding live coral harvest, each operator isallowed to harvest 300 pieces per week.

Theharvest of livecora started in mid-1997 following survey on aguarium fish and coral conducted by the
South Pacific Commission, now the Secretariat of the Pacific Community. The speciesharvested include:
Acropora sp, Alveopora sp., Caulastrea sp., Euphyllia sp., Favia sp., Favitessp., Fungia sp., Galaxea
sp., Goniopora sp., Goniastrea sp., Lobophyllia sp., Millepora sp. Montipora sp., Oxypora sp.,
Pachyseries sp., Pavona sp., Platygyra sp., Plerogyra sp., Pocillopora sp. Seriatopora sp., Sylaphora
p., Sylaster sp., Sylophora sp., Tubastrea sp., Tubipora sp., Turbinaria sp.,

Almost all coralsare exported to the United States of Americawith very small amount being exported to
Europe. Table 1 showsthe quantity of aquarium rock and live coral exported from Tongain 1997 - 2000
with corresponding fob (free on board) values. Thisfigureisbeievedto be*under- valued’ and it doesnot
reflect thetrue value of theindustry. Table 1 showsadecrease on quantity of aquarium rock exportedin
1998 (decreased by 10.5 metricton) and 1999 (12.3MT) compared to 1997 (40.5MT). Intheyear 2000,
the aquarium rock export quantity increased to 137.5M T, a339% increase compared to 1997. Onthe
other hand, thelive cora harvest depends on the number of pieces. Thedatashowsadight increaseof the
live coral quantity in 2000 compared to 1997.

Furthermore, theannua trendsin the trade poses ahigh demand from the market in October to April and
low demand from May to September according to one operator. That high demand isshown onthe
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graphsfor liveand aguarium rock/ dead coralsexport from 1998 - 2000. Thetrendin cora tradein
Tongaprimarily dependsontheinternational market aswell asthefreight capacity. Onfreight, the
aquarium industry competeswith fresh tunas, snappersand groupersfor airline space. Themonthly trend
incoral trade (livecoral and aquariumrock) isshowninFigures1 & 2. Again, the degree of increase and
decrease depends on the market and freight capacity.

The current operatorswere requested to comment on the ten popul ar generas/ species of cora they have
exported. Two operatorsresponded, one gavethe percentage proportion whiletheother prioritize by
number all the coralsitscompany hasexported. Theformer indicated the percentage proportion:
Acropora 40%, Pocilliapora 5%, Stylophora 5%, Montipora 5%, Lobophillia 5%, Turbinaria
5%, Seriatopora, Euphillia, Tubastrea , Favites and Favia 20%, other 15%.. Thelatter
showed the order ranging from themost to theleast asfollows: (1) Mushrooms (Rhodactisinchoata,
Discosoma sp. & many other types of mushrooms) (2) Brown, Green, Yellow Polypssuch as
Pachyclavularia violacea and asbestinum (3) Alcyoniumsp. or commonly called colt cora (4)

L eather corals such as Sarchophyton sp. and Snularia (4) Acroporasp - acro being thecommon
name (5) Montiporasp. - name used by theaquariumtrade (6) Caulastrea sp. or trumpet coral (7)
Lobophylliasp. or brain/ meat coral (8) Pocilloporasp. or Birdnest Coral, and (9) Live Rock or
Scleractinia.

In essence, theoverdl harvest of stony corasin Tonga(Tongatapu group only) at present is believed to be
undertaken in asustainable manner. Themethod being used for collection of aguarium rock and live cora
complieswiththe codeof practice being set for thisindustry (refer Appendix). The dead cord or rubbleare
picked by handswhilethelive cordsarestrictly harvested on arotational basisfrom certainlocationsof the
Tongatapu reefs. Noteworthy to mention, an earlier comment from the South Pacific Regiona Environment
Programme (SPREP) suggested that in order to know the sustai nability of the aquarium collection activities
onemust alow collection to be undertaken with appropriate datal satistics to be collected (by operator and
theMinistry of Fisheries) for onward monitoring and assessment. Subsequent reports on the aquarium
industry by SPREP 1994 and SPC 1996 indi cated that the current exploitation for both aquarium fishand
cord harvestin Tongaissustainableand should be sustainablewith the 5 operatorsbeing set for the Tongatapu

group.
B. CORAL COLLECTORS

Thenumber of peopleinvolved on coral collectionin Tonga isvery small andiscurrently ranging from 12 -
15for al thethree current operators. All collectorsare certified diversand well trained on sustainable
practicefor coral collection. A collector must be an employeefor an operator and hewill work in accor-
dancewith the code of practice (refer Appendix) which can bereviewed from timeto time should needs
arise. During collection time, each operator hasasupervisor to ensurethat the code of practiceisobserved.
In addition, afisheriesinspector/ observer do often accompany collectorsto thereef for coral collection.

Aquariumrock collectionisdoneon the outer reefswhilelive cord isstrictly harvested on arotationa basis
from certain locationsdirected by the code of practice.

The common gear used for coral collectionissnorkel whilethe hookah and scubaare sometimesused on at
least 10 metre depth. Collectorsconfinetheir collection to market requirement and freight capacity. They
record theweight of the dead rock/ liverock harvested whilethelive cora harvest isrecorded in alogbook.
All information are submitted tothe Ministry of Fisheriesprior to export shipment authorisation. Thelog
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book isto be submitted on amonthly basisfor inspection by the fisheriesingpector which hesignsand dates
to confirmthat thelogbook datacomplieswith the collection activity being undertaken.

Regarding the question of whether or not the coll ectors haveinformation on mortality associated with
collection and handling, al collectorscommented that hardly any mortality occurred during the course of
collection and handling. Thereforethey do not have any information on coral mortality.

C. MANAGEMENT OF CORAL RESOURCES IN TONGA

The current management regimefor the harvest of stony coralsin Tongaemanated from the SPREP 1994
Report to the Prime Minister’ s Office on the collection of coralsand aquarium fish from the Kingdom of
Tongaby Jamie Oliver & Andrew Smith (1994) and another follow up report by SPC entitled: “The
aquarium-fish fishery in Tongatapu, Tonga: status and recommendationsfor management by S. Matoto, E.
Ledua, G. Mou-tham, M. Kulbicki & P. Dalzell (1996)”. Both reportswere noted by HisMagjesty’s Cabi-
net.

Hard coral isany coral with astony skel eton belonging to the Order Scleractinia, Coenothecalia, Athecata,
and Stolonifera. Thisgroup containsall common hard or stony reef coralsincluding the GeneraAcropora
and Goniopora. It dsoincludesbluecoral, organpipe coral andfirecoral.

Itisnoteworthy to mention that hard cord (live cora harvesting) harvest was banned by Cabinetin
December 1993 and re-confirmed by Cabinet Decisionin April 1994 after thereport by Jamie& Oliver
(1994). Thelatter decision recommended that afield survey must be doneto consider whether or not thelive
cora harvest issustainable. Although thelive coral harvest affected theindustry theability to control itsban
opened the door for some of the operatorsto consider extending to other countriesin the South Pacific.
Cora harvest hasbeen asubject of many discussionsand heated debatesin Tonga. However, itistheview
of theMinistry of Fisheries that every marine resource should be subject to exploitation/ use, solongitis
carried out inasustainable way employing total alowable catch, best practice, etc. Thus, livecora harvest
resumed in 1997 following assi stance of the South Pacific Commission (SPC) Resource Assessment
Section. Atthesecond quarter of 1996 ateam of research scientists conducted asurvey of theaguariumfish
stock and hard coralsin Tongatapu. 1nessence, both the above reports (SPREP & SPC) concluded that the
current state of exploitationin the aguariumindustry issustainablethough thefirst report make precautionary
approachto livecoral harvest dueto recommendation of the Ministry of Fisheries.

In 1997 the Ministry of Fisheriesprepared the code of practicefor harvesting of live coralsin Tonga.
Fisheries (Conservation and Management) Regulations 1994 make provisionsfor coral asfollows: (1) No
person shall remove or takeany coral from withinthefishery watersexcept with thewritten permission of the
Secretary for Fisheries. (2) The Secretary may impose such conditionsas he may specify, including, but not
limited to, conditionsrelaingto: (a) thequantitiesthat may beremoved or taken; (b) thelocation or locations
from which it may be removed or taken; (c) the duration of any permission granted; (d) the method of
removal or taking; (€) measuresnecessary or desirableto conserve and protect themarineenvironment; (f)
thefees, royalties or compensation to be paid in respect of the permitted operations.

At present, Tonga employsgood collection practicesthat are stipul ated by the code of practice. Theareas
for collection areinspected for damage and abundance. The operator always attemptsnot to collect more
than 2weeksof shipping. Thecollection isplanned ahead as per market order. Thesizeof coral collected
isdetermined by the Ministry of Fisheriesfollowing consultation with the operator on best practiceto be
adopted. 89



Asaguidefor best collection practice one operator hasbeen working on fraging coralsand attempt ismade
to makethem popular inthe coral community. Some areas have been designated asno take areas such asthe
fringing reefs adjacent to Tongatapu, marine parks and other locations (refer Appendix A). Inspectors
alwaysattend to make on-siteinspection, and al so present at the packing to ensure compliance.

D.HANDLING OF WILD-HARVESTED CORALS

Handling of wild-harvested cora sisimportant to minimizeor eliminateinjury and mortaity during transport.
To ensure good handling afisheriesinspector alwaysinspect theexport facilitiesand attend packing. A
guidancefor best practice on handling to minimize cord injury and coral mortality will beincorporatedintothe
current code of practice. At present only one operator treats broken coral during collection, i.e. by turningit
into afrag (whenacoral isglued to apiece of rock using underwater putty) whilethe other operatorsdo not
make any precautions.

Transporting of the corasfrom collection sitetakes 1 - 2 hoursdepending onthedistancefrom the collection
stetotheshoreand another hour to the operator’ sestablishment. The corasarethen kept onfacilitiesusing
thebest and latest technology available(i.e. protein skimmers, ultraviol et stexilizers, filtration system, etc.).
Oneoperator keepslivecora on sdtwater tanksand storerocksin the ocean to hel p the curing, when excess
matters such as sponges and certain algae areremoved. The holding timeisno morethan 2 weeksprior to
air-transport to themarket. Onexport tothe USA al operatorstry to shipon 20 hour flightsor lessin order
tominimizecord injury.

E. MONITORING, ASSESSMENT AND RESEARCH

The condition and abundance of the cora resourcewithin aparticular areaisawaysassessed by the Ministry
of Fisheriesand collection supervisorsfrom aquarium operators before collectionisundertaken. Inthis
assessment the sustainability of theareafor collectionisconsidered. Thisisparticularly important for live
coral.. Inaddition, the current protocol being used to monitor the status of the resource and any impacts
associated with coral extractionistheusing of harvest |ogbooksand ingpection of sites. Thisprovides specific
information such astypes, sizes, weight, location, dates, quantities, name of divers, and operators.

Regarding scientific research thereiscurrently no activity to examinelife history featuresof cordsintradethat
maly berelevant to management such asgrowth ratesand recruitment in specific collection sites. However,
research programisnow being done to explorealternativesto wild harvest, such ascora mariculture. One
operator indicated that some mariculture coralsare now being harvested by its company. Notwithstanding
the above, the Ministry of Fisheriesplansto seek assistancefor areview of the aquarium fish and coral
harvest by June 2002, i.e. the completion of thefirst fiveyearsof thelive cora code of practice (management

plan).

Thelega obligationsfor thestony cora tradein Tongaisvested specificaly with threeminigtries. TheMinistry
of Fisheriespreparesthe management plan and givesauthorisation for collection actitivitiesvidethe Fisheries
Act 1989 (Fisheries Amendment Act 1993) and the Fisheries (Conservation and Management) 1994. The
Ministry of Fisheriesissuesthe permit for coral export as per list of species submitted by the operator/
exporter prior to shipment. Although Tongaisnot aparty to CITESa | mattersrelating to export of cordsare
dealt with inaccordancewiththe CITESguiddines. At present every shipment from Tongaisattended and
inspected by afisheriesinspector.
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Although each of thethree operatorsand the Fisheries | nspector use CITESguidelines, noneof the
personnel involved hasattended aworkshop, short term training or attachment on how toimplement CITES
obligations. Most of the personnel involved havelearnt cora identification from coral textbooks such asthe
book entitled *’ Coral of Australiaand the Indo-Pacific (1986) authored by JEN Vernon. Therefore,
additional ass stanceto manage coral resourcesin asustanable manner, coral identificationtraining for law
enforcement to verify theaccuracy of permitsand prevent illegal cora shipmentsand other related issuesare
required assoon aspossible.

Theonly other government departmentsinvolved arethe Ministry of Labour, Commerce and Industries
whichissuesthe commercial licencefor exportsand the Customs Department, Ministry of Finance, which
involveson export ingpection in accordance with the provision of the Customsand ExciseAct. ThisAct
prohibitsexport of raw unprocessed cora and live cora without the consent of the Collector of Customs.

REFERENCE
1.  Ministry of FisheriesAnnua Report 1997 - 2000

2. Legidation: FisheriesAct 1989, FisheriesAmendment Act 1993, Fisheries(Conservation &
Management) Regulations 1994; Customs& Excise Act, Parks& ReservesAct

3. SPREP 1994 Report to the Prime Minister’ s Office on the coll ection of coralsand aguarium fish
fromthe Kingdom of Tongaby JamieOliver & Andrew Smith

4.  SPC1996 Report entitled “ The aguarium-fish fishery in Tongatapu, Tonga: statusand recommenda-
tionsfor management by S.Matoto, E. Ledua, G. Mou-tham, M. Kulbicki & P. Dalzell”.
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APPENDIX A

GUIDELINESTO ISSUING OF LICENCE FOR COLLECTING AND EXPORTING LIVE

(HARD) CORAL FOR AQUARIUM PURPOSES 1997

1.

2.

There should beno morethan 5 operators permitted to collect and export live (hard) cora in Tongatapu.

A new aguarium operator must have had sufficient proven experiencethat ensure safe, lesshazard and
sustainabl e harvesting techniquesbeforetheissue of alicence.

The aquarium operator wishesto harvest and export live (hard) coral must submit aproposal to the
Ministry of Fisheries, including but not limited to, the market which it intendsto export, thelikely
international pricesof the specific coral generas/ species, thelikely cost insurancefreight value of the
cora to be exported and any other conditionsdesignated vide section 17 of the FisheriesConservation
& Management Regulations1994.

That harvest and export of live (hard) cora beallowed to resumewith amaximum alowablecatch of no
more than 300 pieces per week collected in total by any exporter. No morethan 14, 000 piecesof live
coral should be exported per year per collector

That the maximum sizeinlength of hard (live) cora to be harvested as per following genera Montipora
(20cm), Acropora (12cm), Alveopora (10cm), Caulastrea (10cm), Euphyllia (15cm), Favia (12cm),
Favites (15cm), Galaxea (15cm), Goniastrea (15cm), Goniopora (15cm), Lopophyllia (20cm),
Millipora (15cm), Platygyra (12cm), Pocillopora (12cm), Tubastrea (15cm), and Tubipora (15cm)
Turbinaria (20cm). Any additiona generaswill be approved by the Ministry of Fisheries.

Theentry of any new foreign company or Tongan registered company involving non-Tongan nationals
into theindustry should involve 50% Tongan national equity participation.

That aresourcerent (fees) shdl bepaidtothe Ministry of Fisheries. Thelevy is 10% proportion of the
fob (free on board) price.

Thelicencel permit feefor the harvest of live (hard) cora shall be $300 per operator which shall bevalid
for 12 months.

That acompany involving full Tongan national s as shareholders shall be subject to only 1% resource
rent.

CODESOF PRACTICE FORHARD (LIVE) CORAL HARVESTING

Harvest must be undertaken on the areas specified on the Table and the attached M ap.

Harvesters should be employees of the aguarium fish operator/ exporting company that has been
registered in Tongaand the company should beresponsiblefor the harvester’sactions.

Cora must be cut by handsor any other techniquesrecommended from timeto timeby the Secretary for
Fisheries.

92



5.

10.

Harvest Logs, designated fromtimeto time by the Registrar must befilled by companies showing areas
harvested and quantity taken. L ogbooks must be submitted to Fisheries on amonthly basisor as
directed by the Regidtrar.

Separate records should be kept on the number of pieces per speciesand total weight and dollar value of
all coral exported. Thisdatashould be submitted to the Ministry of Fisherieswhen applying for an
export licence per shipment

. Degtructivefishing techniquessuch asusing of hammersand crow-barsare prohibited.

Management officers (fisheriesingpectors) should accompany harvesterson harvesting tripsat least 4
timesper year

Unlessdirected by the Secretary for Fisheries, Fisheriesinspectorsshould carry out aspot check of
the contents of boxes approved for export.

If any application to relax theserestrictionsismade, it should bejustified (at the proponents expense)
by providing supporting information in theform of an environmental impact assessment

The Government review thispolicy in 1-2 yearstimeinthelight of thedatacollected by exportersand
any other studieswhich may have been conducted.

COLLECTING SITESFORLIVE CORAL (HARD CORAL)

Note:

a)

b)

Collection should berefrained from the marine parks and adj acent reefs surrounding the mainland
Tongatapu - thiswould mean that no coral collection be permitted inthe Hahake shoreline, Nuku’ aofa
shoreline, Hihifo shoreline and the southern fringing reefs of Tongatapu (Liku Cliff); unlessotherwise
authorised by the Minister of Fisheries. Most of the above areas are spawning groundsfor coastal
marinelivesand fishing groundsfor coastal communities/ local fishermen. Thereef areasand marine
parkscan beused for “ underwater ecotourism”. Inessence, thesereefssupport local consumption and
easy accessto Tonganswho cannot afford boats.

Collection should be restricted at the present time to the northern reefs of Tongatapu (see Table
below for the proposed collection sites). The northern reefs are divided into 4 areas. Where
appropriate, the designated areas may a so bedivided into sections. Rotation onthe4 areas should take
12 monthsto compl ete.

All aquarium boatsshould beregistered and licensed immediatel y for ease of monitoring and keeping
track of cora harvests.

Future expansion on sitescan be doneon outer idands, Ha apai & Vava u Reefs

Theharvest of livecorasshould be rotationa harvest, following instructionsfrom the Ministry of
Fisheries, conducted on
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Tablel: Livecora and aguariumrock exported from Tongain 1997 - 2000 takenin

itsessential fromthe Ministry of Fisheries Annual Reports 1997 - 2000

Coradl 1997 1998

PCS W TOPS$ PCS W TOP$
Agquarium 40531. 00 121593. 00 30, 314. 09 90, 4. 70
Rock (branched,
dap and solid)
Live Coral 6, 494 28,397.25 13,178.00 79,068. 00
TOTAL 6,494 | 40,531 149, 990.00 4,560. 9 170, 012. 70

1999 2000

PCS W TOPS$ PCS w TOP$
Agquarium 27779.0 83337.6 137, 459. 07 412, 377.20
Rock (branched,
dap and solid)
Live Cora 24,975 113,141. 00 26, 053 159, 018. 00
TOTAL 24,975 196, 478. 60 137, 4%9. 07 571, 395. 20

Table 2: Coral Harvest Site Locationsand the duration of harvest

area)

Sites Number Name of Site Locations as per small idands on | Duration  of
the north of Tongatapu Harvest
(month)
AREA 1 North & East of 'Atata 2
(sameasno. 3)
AREA 2 UalangaLalo (2 month on
Udanga'Uta each
Mounu. surrounding
reefs)
AREA 3 Northern edge of Fafa (to avoid the resort) 2
'‘Oneva
'‘Onevao
Velitoa (Hihifo & Hahake)
AREA 4 Reefs stretch from Motutapu idet to Tau idet (abig | 5
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Figurel: MONTHLY TRENDSOF LIVE CORAL TRADE IN TONGA 1997 - 2000
Thegraphs present the number of piecesof live cora export on amonthly basiswith corresponding fob
valuein Tongan Pa anga(top) (Thelength of alivecora piecerangesfrom 5 - 20cm depending on the
speciesharvested. TOP$1.00 rangesfrom USD$0.57 to $0.61 depending on the daily rate)
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Figure2: MONTHLY TRENDSOF AQUARIUM ROCK EXPORT FROM TONGA 1997 —2000

Thegraphsrepresent the monthly weight (kilogram) of aguariumrock export with corresponding
TOP$1.00 ranges from USD$0.57 to $0.61 depending on the daily rate)
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Country Report: Status of the Trade in Stony Coralsin Vanuatu

William Naviti and Trinison Tari

Background I nformation on thetradein stony corals

Thetradeformally began in January 2000. The unitsused in thetrade of trade of stony coral iskilogramsfor
‘liverock’ and piecesfor ‘cultured’ coral. Sincethisisardatively new trade, export quantity hasbeen
small. Records show that in 2000, 7,675kg of liverock, and 251 piecesof live cultured cora wasexported.
Like-wise, till March 2001, 4,100 kg of liverock and ‘ cultured’ coralswere exported. Seetable 1,
figurd,2,3and 4 for details. Thereare 3 coral exporterspresently exporting corals. All coralsexported are
either liverock or cultured coral. Thereisno export of live coral coloniesthat have been dis odged directly
fromthewild.

Livecora speciesexported are acropora, porites& pocillopora. Liverock sometimesreported as
scleractinia, isalso exported. Thereisno export of curio coras, but thereare small quantitiesbeing sold
locally. Very smdl quantitiesaretaken overseasaswell by visitors.

Coral collectors
Cord collectorsareusudlly thereef custodiansthemsal vesincluding those employed by exporterswho are
foreigninvestors. Thereisnoforma licensing regimefor collectorsyet.

Cultured coral iscollected and planted in the outer idands of Vanuatu. Theseareareaswherelocasare
interested and willing to participatein thetrade, on reefswherethere hasbeen signscoral damageasthe
result of cyclonic activity, grow-out siteson reefswherethere' s security from product damage by people,
and on outer idandswherethereareregular flightsto Port Vila

Asfor liverock these are collected at depths between 10 and 20 metres by using only the exportersown
experienced and qualified hooker or SCUBA divers. Theareasof cora collectionareusualy ontheinner
and outer reef dopesespecialy in areaswhich hasbeen ravaged by past cyclonic activity.

With respect to the exporters, coral collectionin any areaiscurrently restricted to one exporter.
Overseascustomersrequirementsusually determineswhat species should be collected.

Itisarequirement under afisheriesexport license, that all exportersprovide monthly reportsabout the
speciescollected, date collected, island collected, and areaonidand collected. However thereareno
requirementsfor reporting size. In addition thereisno requirement for exportersto quantify or quantify
mortality rates associated with collection and handling, or even that concerning thefate of theregjects.
However thereisaplanto ensurethat each‘ culture cora’ istagged in someway tofacilitate audit checks.

M anagement of cor al resour ces

Thereiscurrently no management plan for stony coralsin place, athoughthereisaregulation limiting the
harvesting of corals(FisheriesRegualtions, 1983). Asamatter of licensing, only liverock and cultured cora
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can be collected and exported. There currently aren’t any restrictionsasto what speciescan or can't be
collected, or what areas can or can't collectiontake placein, nor restrictionson sizelimitsand annual
quotas.

Handling of wild-harvested corals

Theonly livecoral that isharvested isthefragments. No natural colony iswild-harvested. Asfor liverocks
thesearewild-harvested. Therearecurrently noformal guidelinesin placeto adviseason best harvesting
practices, nor guidance on handling and replacement of unwanted piecesor whole specimens, apart form
that asadvised by theexporters.

Fragmentsaretied toflat piecesof dead cora using rubber bandsor nylon fasteners, thenleft onthe

seafl oor to grow. After 3-4 months coralswill have attached to the substrate. The substrate themselvesare
‘flat’ dead corals. Only thosewhich are of export quality areexported. Theothersareretained asbrood
stock or returned to the sea. Stock to be exported are harvested 1 day before the export date. They are
washed infiltered fresh seawater to remove excessive dime before being packed carefully inamanner so as
toavoid coral damage.

Grownlivecoral fragmentsare usually harvested at 2 daysbeforethe export date and pre-packaging
treatment given 24hrsbefore departure date.

Liverock isharvested at |east 1 week before export date and treated at |east 3 days before the departure
date.

Becausetheexport establishmentsaresmall, no large quantities of products can be held indefinitely before
being exported. An establishment will usualy have between 2to 10 (1000 - 2000 litres) holding tanksmade
from reinforced plastic or concrete, to hold specimens.

Monitoring, Assessment and Resear ch

Cord collectionispermitted without any pre-assessmentsof areasinwhich coralsareto be collected.
Likewisethereisno protocol in placeto monitor the status of the resource and assess any impacts
associated with coral extraction. Theonly informal research being carried at present isby amember of the
private sector. Theresearch looksat what types of coral that could be man-cultured, growth rates, best
grow out Sitesetc.

Thereisnoformal researchthat specifically looksat cora life history featuresof coralsthat may berelevant
to management such asrecruitment in specific Stesetc. Thereare no research programsin placeto explore
aternativestowild harvest, such ascora man-culture. Vanuatu however dlowsonly the export of livecoral
fragmentsthat have been grown. Thisinitself will not technically qualify asacultured product if onewereto
besdtrict.

L egal obligations

In Vanuatu, authorizationto export coralsisgivenfirgtly, by theMinster responsiblefor Fisheries, intermsof
afishexport processing establishment license and an export permit for every export consignment. Secondly,
onewould also need to obtain aCI TES permit from the Environment Unit, whichisthein-country
designated CITESauthority. Vanuatuisaparty to CITES since 1989. Beforean export permit isissued by
the Fisheries Department, the exporter will need to produce evidence of aCITES permit for the particular
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consignment inquestion. A fisheriesingpector ingpectsall cora shipmentsbeforeaconsignment isexported
withthe officer being regularly present during packaging. Thishasbeen possible sincetheactivity takes
placein Port Vilaand over-time pay to the officer on duty.

Vanuatu does need additional ass stanceto manage coral resourcesin asustainable manner, such asthe
development of acora management plan.

One of themost common problemsisthedifficulty of enforcement officers’ ability toidentify what isreally
cora asopposed towhat’snot, including identifying individua species. It would be beneficid if atraining of
thissort can be provided to enhancethe verification of permit accuracy and prevention of illegal shipments
of corals. Vanuatu understandsits CITES obligationsbut thereisaneed to strengthen CITESinformation
and education awareness particularly to law enforcement officers, including thegenera publicwho hadn’t
beentargeted in the past.

Tabls 1: The export rade of Stony Cerals from Januaqy 2000 1a present

Cate Exporter Specias ' Quantity Value Arga | Istard
{4 -Jan-00[aqua Life Expars Lid |Live rock "S00 kg LIS G0 |Hiry [Efarm
O7 Apr O0fAqLa Lifa Exporis Ltd TAcropora 100 piecas [USD 400 |Lamen Bay [Ep
T2-Jun-00lAqua Liie Exports LEd |Portes  SC pieces |USD 150 |Lamen bay [Ep
05-Ju -00{Aqua Life Exparts Ltd [Pociflipora 51 pieces  [U3D 151 |Lemen an]Ep'
T7-JLI-D0|Aqua Liie Exporis Lid |Liva rock |, 100 kg USD 300 [Porl Vila  [Efate
AT ILNRAqQLa Lite Expons Ltd [Live rock (300 kg USC 300 |Moso [Efate
[T ALg-DO|Pacite: Marine Lifa Lid [Liva rocs 225 kg  |USD 280 [Erakor  [Efate
CCB-Aug-03AaLa Lie Exparts Lt [Liva rocs *280 hg USD 1400 (Port Vila ]Efate ’
" 1% Gep-(AAqLa Lifa Exporis Lt [Lwe racs 100 kg U000 [Fon Vi |[Efae
i 13-Sep-0tfhqra Life Exporis Lid  [Liw rocd e ki LSETE SO0 (Par Yila ]F—'_fa:g
{13 Gep-00|AqLa e Expora Ltd |Liva rocs 200 kg UsD 200 [Porl Wila  [Efata
13- Sep-0{Real Lite Yanuata Aorppora IE‘E pieces |US0 20 (Erakar |EFF.I!E
15-Sep-Uh|Aqua Lite Exparts Lt [Lverocs 560 kg [USEHH500 [Porl Viia  [Efate
O4-0ct-00{Aqua Lie Expons Lid [Live oo BGO kg LSO aad [Port Wila |Efa!e
: 09-Ock00{Aqua Life Exporls L |Live rock (600 kg USD GOk (Porie  |Efale
[ TE-Cct-0a[AaLa Lie Expors Lid [Livarock 380kg  [USD 550 [Porvila  |Efata
 1B-Oct00|Aqu 3 Lite Exports LEd |Live rock S0 kg USH 500 [Poni Vila  |Efate
i 18-Oct-00[AgLa | 1fa Fxporzs Ltd [Live rogk 'ZC0 ko USD 200 |Port Vila  |[Efate
.L 23-0ct-00[Aqua Life Eaporls Ltd [Acropora 30 picces |USD 90 Moso " ETate
"Dz Moy-0i|AqLa Life Exparts Lid |Pecllpors 26 pieces  |US0 60 jMosc Efate
. CZ-Mow-00 Agud Lt E xpars Lid |Turbinana .5 (][ ot U510 13 Moese [Etate '
“20-Mov-OO|AqLa Lile Eapals Lid |Live roce | 750 kg OS50 750 Pon wra  |Efate
11-Dec-0NAqLa Lile Exports Lt3 |Lve rack L1200 kg |USE 1200 .Pad Vila  |Rfate
12.Dee-00AqL Lifs Expors Lid |Live rock 1000 ky  |US0 10390 Por vila [Efats
T2-Dec0{Aqua Lile E<poris LIT [Lverock 300 kg |USD 200 [Port Wila  efaes
D7-Jan-01|haua Lifs Expars Lt |Live rock 1000 kg |US0 1000 Luganyile Saqts
Z-da--01|AgLa Life Expors Lt |Live rock SCO kg USD 500 |Luganvils jSante
12-1an-01|Reof Life Yanuoat: Acorppora 1580 pieces [USD 200 [Moso sEfare
16-Jun-01|Feef Lifa Vanuat: Acropera 1BO picces (WSO 1640 |Hira fEfate:
37 Jan-UD|Aqua Lite Exports Lid |Live rock 860 kg |US0 864 [Lugarwillc “Basbo
14-Feb-T{AqLa Lifte Exports Ltd |Liverocs  TCO0 kg |USO TH00|Lugarwile (Satn
07-UAr-D1[Aqua Life Expors Lid [Lwe rack 804 kg USO B0 |Fon Vile  iEfate
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Figure 1.
Vanuatu Live Rock Exports from January 2000 to
prasent
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Documentation of Coral Reefs and Coral Trade in Vietham

VoS Tuan
I nstitute of Oceanography
O1 CauDa, NhaTrang city, Vietham
E-mail: thuysnh@dng.vnn.vn

Introduction

The coastline of Vietnam extendsfor some 3,260 km through morethan 15 degrees of latitude from &°
30" Nto23° N and showsavariationin climate and biodiversity along thisbroad N-Scline. The country
has morethan 3,000 inshoreand offshoreidandsand id etswhich extend to claims covering the Spratly
and Paracel archipelagos. Therearebroadly five distinct marineareasthat differ accordingto cora
diversity: (1) western Tonkin gulf, (2) middiecentral, (3) south—central, (4) southeastern, and (5) south-
western (Vo S Tuan, 1998).

Cora reefsaretherichest marine habitatsin the country with the greatest diversity of species. Over 300
speciesof scleractinian coralsarefound in Vietnam’s coastal waterswith 277 speciesbelonging to 72
generaidentified in the south, compared with thelessdiverse areasin the north of the country with 165
speciesin 52 genera. All cord reefsinthenorth arefringing reefs; although these are also the most
common reef type, themore complex coastlineand insignificant effect of rivershasaso favored the
development of platformreefsinthesouth. Atollsinthe Spratly archipel ago enclose reefshundreds of
metersin length; these have ahigh speciesdiversity and cover. Up to present, 28 reef areashave been
knowninthecoastal watersof Vietnam. They play animportant role not only for coastd fisheriesbut also
for tourist devel opment, coastal protection and other factors.

1. Coral reef status
1.1. Coral reef condition

During 1994 —1997, 15 reef areaswere surveyed in 142 study sites. Theresults showed that the overall
condition of thecoral reefsisnot good. Only 1.4% of the study reefswere considered to bein excellent
condition. Thenumber of poor reefswere 37.3 %, while 48.6 % of thereefswereinfair condition and
31 %ingood condition. Thedetailed informationin Table 1 indicatesthat thereefslocated in offshore
idandsor thesitesfar from population center areinthebest condition.

Coralsreef fish communities have been assessed at 10 study areasbased oninformationin published
papers (Nguyen Huu Phung & Nguyen Van Long, 1997; Nguyen Van Long & Nguyen Huu Phung, 1997
and unpublished data(Table 2). The highest speciesdiversity occursinthe south-central regions.
However, only thereefslocated at offshoreidands (Con Dao, Phu Quocidands) haveahigh density of
reef fishes. Thereefsof Tonkin gulf havelow speciesrichness, with 30— 60 specieseach area. Coral reef
fishandinvertebratefisheriesare considered untraditional fisheries. Because of this, therearefew statistics
on statusand fisheries production.

During 1997-1998, coral reefsin Vietnam suffered natural catastrophic destruction from storms, bleaching

and other factors. Lindatyphoon (November 1997) destroyed alarge areaof coral reef habitat at Con

Daoidands, eventhough these arethe best protected reefsof Vietnam. Bleaching eventsin the summer of

1998 wererecorded at Con Dao ilands, north Binh Thuan province and NhaTrang bay. Recovery of
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Table 1. Categoriesof coral cover before 1998 at 15 studied reef areasof Vietham

Study sites No. 76- 51- |26-50% | 0-25%
transects | 100% | 75%

CoTo 14 0 7 6 1
Dao Tran 4 1

Ha Long Bay 24 0 3 9 11
Cat Ba 14 0 2 6 6
Bach Long Vi 5 0 0 2 3
Hon Me 7 0 0 0 7
Hon Son Duong 5 0 0 1 4
Con Co 4 0 0 1 3
Hai Van - Son Tra 3 0 1 2 0
Cu Lao Cham 20 0 5 10 5
Van Phong 5 0 0 2 3
Nha Trang 13 0 0 9 4
Cu Lao Cau 6 0 3 3 0
Con Dao 23 0 17 5 1

corasinfluenced by theseimpactshasbeen very dow. Thedensity of butterfly fish also clearly decreased,
and their recovery hasbeen dow inall study reefs. In 2000, anincreaseof coral cover and fish density
wasrecorded. Corasat north Binh Thuan provincerecovered very well after bleaching, following thewater
temparature decline during an annual upwelling period (June— September) which occurred just after the
onset of bleaching.

A seriousdegradation of coral reefsat Cat Baislandsand HaL ong bay was also recorded. Number of
reefsin poor condition increase from 25% before 1998 to 50% in 1999. In paralel, the proportion of good
reefsdecreased from 33.3% 10 9.15 during thisperiod (Table 3). High rate of sedimentationwas
considered to bethe magjor reason causing reef degradation (Nguyen Huy Yet, 1999).
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Table 2. Density (ind./500m2) and speciesrichnessof coral reef fishat 10 studied areasof Vietnam

Sites N |Average density| Density Species
range number
CoTo 14 45
Cat Ba 14 32
Hon Me 7 56
Con Co 4 60
Cu Lao Cham | 17 540 148-1446 188
Van Phong 7 676 223-1814 100
Nha Trang 14 226 109-486 256
Cu Lao Cau 12 346 164-566 211
Con Dao 23 2017 71-5143 202
Phu Quoc 11 748 438-1412 135

Table 3. Ratio (%) of the categoriesof coral cover at Cat Baidandsand Hal ong bay

Category | before 1998 1999
0 -25% 25 50
26 -50% 41.7 40.9
51 -75% 33.3 9.1

1.2. Threatstocoral reefs

Therecent treatsto coral reefs have been mentioned in recent publications (Vo Si Tuan, 1998, Dang Ngoc
Thanh & Vo Si Tuan, 1998, Nguyen Huy Yet, 1999) and RRA interviewsintheframework of ADB 5712-
REG project.

Over-fishing, especidly non-sdlectiveandillega formsfrom poisons, explosivesand finemesh netshas
decreased somewhat. Destructivefishing practicesare still aseriousthreat in someprovincesincluding
Quang Ninh, Nghe An, Quang Binh, ThuaThien - Hue, Quang Nam, DaNang, Quang Ngai and Khanh
Hoa, where destroyed coral reefs have been observed everywhere along the coast. Other formsof non-
selectivefishing such asduicetraps, dectricfishing, gill netsand thetraditional trawling net continueto take
their toll on marinefisheries. Destructivefishing methodswerefound to beissuesin 21 or 29 provinces
during RRA interviews conducted by thisproject ADB 571-REG inearly 1999. Thedimensionsof this
issueincludeindiscriminatekilling of incidenta species, small fry and seedlingsnecessary for stock
regeneration, and environmental damage, and the use of these methodsisamajor source of community
conflict both with resident and non-resident marine harvesters.

103



TheRRA studies(project ADB 5712-REG) conducted in 29 coastal provincesin early 1999 revealed
that non-resident marine harvestersfrom Chinaand Hong K ong are competing with local fishermenin
offshorewaters. Thedeclineinmarineresourcesarelinkedto 1) the overall poverty context of inshore
marine harvesting househol ds; 2) fishing methods; and 3) changesin the marineenvironment. Declining
marineresourceswereidentified asanissueof concernin 18 provincesat avariety of levels. Decreasing
marineresources and the disappearance of some common, commercially important speciesisvery red to
thosewho livein the coastal communesand whoselivelihoodscomefromthesea. Declining marine
resourceswereidentifiedinal 29 provinces.

Livetradein groupersand other fish speciesfor the Hong K ong and Chinese markets operate with
impunity inthe northern and central partsof the country, and evenin the productivewaters near the Con
Dao National Park. Figuresaredifficult to determine, but fishermenillegally takethefish and sell them at
seatolarger ‘tenders for onward transport. Capture methodsemploy diversand cyanide poisoning to
stunthefish, whichinturnkill coral and other biotaoutright.

Much of theseafront isbeing physically devel oped astourism aress, factory sitesor fishing villages. There
isalmost no natural, undisturbed coastlineleft. Marineand coastd tourismisdriving anew demand for
souvenirs. Thewildlifetradeislargely uncontrolled in Vietnam, and many endangered or protected marine
speciescan befoundinloca markets, particularly at largetourism centerssuch asVVung Tau. Marine
turtles, principally Green and Hawkshill turtles, have been heavily hunted for tourist souvenirswith the
centersof tradeat NhaTrang, Vung Tauand HaTien. Fewer and even smaller animalssuch asmollusks,
seastarsand urchinsare being taken every year and are openly sold to touristsin great numbersinthe
major coastal recreational centers. Corad, particularly staghorn varieties of Acropora, are most sought
after for thetourist and aguariatrade, and are now becoming rarein places such asNhaTrang Bay, the
center of thecoral tradein the country.

Seacucumbersare heavily exploited and are pre-processed and sold asdried animal productsto markets
in China, Hong Kong, Singapore, Taiwan and Japan. The estimated annual production amountsto some
150-180,000tons. Collecting of ornamental fish for tradeto Singaporeisaso agrowing problem. Itis
particularly offensvewhen destructive methods such as stunning with poison are empl oyed.

The development and expansion of industry along the coast isbeginning to add to the pol lution load,
particularly poisonous heavy meta waste whichisoften released into the seawithout attempt to reduce
toxicity. Theexpanson of portsand unregulated bilge cleaning isnow becoming amorefrequent source
of coastal pollution, in particular inthe northern areas of Quang Ninh and Hai Phong. Inthesmall bays
and lagoons, pollution derived from pesticidesand fertilizersfrom agricultura runoff and associated
pollution derived from shrimp pondsare beginning to become more serious causing eutrophi cation in some
areas. Seaweed overgrowth or algal bloomshave been observed with increasing frequency inthe coastal
watersof Binh Thuan province, Van Phong Bay (Khanh Hoaprovince) and at the mouth of the Dong Nai
RiverinHo Chi Minh City.

The coagtd watersof Vietnam haveadwayssuffered from theinfluence of largeriversmaking turbidity high
and visibility low. This, combined with upstream pollutants, isaserious stressto coral reefsand seagrass
beds, particularly along the coast of western Tonkin Gulf and the eastern gullf of Thai Lan. For example,
river pollutionincluding upland silt wash-off, plusdomestic and industrial dischargeisaseriousthreat to
the marineenvironment.

104



2.Coral trade
2.1. Development of thetrade

Inthe past, dead coralswereonly exploited for lime productioninthe central provincessuch asKhanh
Hoa, Ninh Thuan and Binh Dinh. Thisactivity hasbeen more extensivewith collecting corasinlittoral and
evensublittoral inparale with higher requirement of lime. Theproducts could not identified to species
and sometimeto genus. Broken branch coralson the beaches or buried on land have been exploited for
cement production of two factoriesin Khanh Hoaand Ninh Thuan provinces. Limestone product
exploitedin 1998 isabout 50,000 tonnes.

Recently, tourist development hasincreased demand for the curio tradein thetourist centerssuch asNha
Trang, Vung Tau and HaL ong cities. AlImost coralsfor the curio trade have been expl oited from south
central region, where coralsarethemost diverseand arelocated along the nearby shoreline. The coralsof
curiotradeinclude Acropora florida, Pocillopora damicornis, P. verrucosa and others...

Coral export hasbeen recorded over thelast 5 years. Thismarket isnot formal and ismanaged by mainly
private business. Thedominant coralsof thelivetrade are Goniopora spp. and Euphylia spp. Coral
rock is exported with attached reef invertebrates such as seaanemones. Their production has not
recordedinformal statistics. Aninformal record showed about 200 live coralsand seaanemones brought
out NhaTrang city every week.

Live corashave been harvested and cleaned to export ascora skeletons. Thisactivity hasbeen doneby
privatetraders. The coral composition of thisbusinessisvery diverse, and dependson the purpose of
export (E.g.inacontainer identified: Acroporayongei, A. danai, A. sp. Pocillopora verrucosa,
Heliopor coerulea, Montipora aequituberculata, broken Acropora, dead massive corals). Thereare
alsonoformal statisticsfrom Viethamese manegement. Itisknownthat, 15,000kg of coral skeletonwere
allowed to exploited from Binh Thuan provinceintheyear of 2000.

2.2. Information on collection

Cord collectionisaspontaneousactivity that hasdone by fishermen when thereismarket demand.
Fishermen usemainly hookah to collect live coralsand other reef organisms. Their activitieshave carried
out without permissionin some provinces. Meanwhile, business of reef organismshasbeen accepted by a
number of local government. Themain areasof collection of reef organismsiscoasta watersof central
provinces. Because of spontaneity, thereisno data statistics on collectorsand mortality of reef organisms
during expl oitation, reservation and transportation.

2.3. Management issues

Theactivitiesfor management of the cora trade are considered not to follow the situation. Thereisno
regulation for thistradeincluding quota, size, areaof collection. The support from Vietnam scientific
ingtitutionsand international agenciesisessential for sustainable use of theresources.

Thereare 20 existing protected areas considered as coastal and marine protected areas. Beside Cat Baand
Con Dao National Parksand Halong Bay World Heritage, the others have not included marine areasand
cord reefs. Theproject ADB 5712-REG has proposed the national system including 30 coastal and marine
protected areas. Thisincludes 3 existing onesof priority for only strengthened management, 8 existing ones
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of priority for expans on and strengthened management, and new establishment of 9 protected areaswith
cord reefsinvolved. Withthisplan, theareaof cord reefsthat are protected will increased significantly from
1528 hato 3118 ha. Ministry of Fisherieshasauthorized by government to develop national plan of Marine
Protected Areawhichfocuses on marine component. Theactivitiesin futurefor sustainable devel opment of
coral trade should be donein parallel with M PA management. MPAswill bepilot sitesfor controlled coral
collection, cord farming, cora reef rehabilitation.

Theactivitiesof coral reef monitoring in Vietnam havereceived internationa support and are conducted at
three sitesincluding Nha Trang Bay, north Binh Thuan Provinceand Con Daoidandssince 1998. Three
sitesHalL ong bay, Van Phong Bay & Phu Quoc Islandsand Ninh Thuan province were added for 2000.
Methods used in monitoring areLineIntercept Transect (L1T) & Reef Check. Activitiesto monitor species
of reef organism trade have not been carried out in Vietnam. The practi ce of Reef Check with adding target
speciesof thetrade should be useful for monitoring of coral trade.

Recommendation

Thereareso many challengesconcerning the cora tradein Vietnam. Thisactivity isoneamong
important impactsto coral reef degradation. The support of scientificingtitutionsand international
agenciesareessentia for sustainable use of theresourcein genera strategy for coral reef conservation
of Vietnam.
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Community-based Coral Reef Rehabilitation Program

Joey LI. Gatus, Vaughan R. Pratt, FilipinaB. Sotto, Kristy G. Laron, Thomas Heeger
IMA Philippines, 83West Capita Drive, Paseq City, Metro Manila, Philippines

The Philippine Coral Reef

The Philippinesarchipeago hasoneof themost diversified biological systemsinthelndo-PecificRegion. Itis
blessed with 7,106 islands, 18,000-km coastline and 27,000 km? reef area. Not to mention majority of
Filipinosrely on theseresourcesastheir food basket for protein. Coral reefs per se have contributed big
revenuestofisheriesaswell asinthetourismindustry. Inbiologica terms, Philippinesisendowed with high
speciesdiversity and endemism per area(Heaney, 1993). Specifically, the coral reef ecosystem supportsan
array of life. Eighty three percent (83%) of theworld’scoral out of the 600 extant speciesis present here.
Fishbiodiversity iswell represented with 2,200 fish species and tens of thousands of invertebrate species.

Threatstothereef

Sincethe dawn of time, man hasinteracted with nature and since then, he created impact. Until the latter
versgon hasevolvedto createabigger anthropogenic stresse.g. dynamitefishing, cyanidefishing, over fishing,
pollution and population increase. Natura causes have also contributed to the whole scenario e.g. El Nifio
Southern Oscillation (ENSO), which consequently resulted to coral bleaching, typhoonsand natural preda-
tors.

Statusof the Philippine Reef and itsimplication

Presently, the status of the Philippine coral reefsisnot something to be envied but to be sympathies. Only
2.4% (Figure1) left in excellent condition and majority of itinfair statuswith 51.7% cover (Gomez et dl.,
1994). Undoubtedly, the Catch Per Unit Effort (CPUE) of fisheries product, have been directly affected by
thissituation. Takefor exampleagood reef hasapotentia of 36 tons/ Km? /yr, whileadamage reef canonly
provide 3.6-5.4 tons/ Km? /yr of fishery product. In historical accounts, during the 1960's, an average of 20
kg/fisherfolk/day isharvested. Thisdramatically decreased inthe 70'swith 10 kg/fisherfolk/day asthe advent
of dynamitefishing wasintroduced. The 80’ swerenot ideal with the popularity of fine mesh net and 1998
wastheworst with average 2 kg/fisherfolk/day catch (Whiteand Cruz-Trinidad, 1998) with abig question
mark (?) liesonthefuture,

Realistic Solution (s) Now!

Whatever the solution(s), it hasto beimplemented now for the sake of theenvironment. Onegenera ideais
to reducethe stress on the ocean and rehabilitate! With thisresource management approach, we cantackle
two issues - rehabilitate damage reefs and provide feasible alternative/supplemental livelihood to the
community affected. That iswherethe coral farming comesinwith two motivesat hand. Oneisethical in
nature—to rehabilitatefor biodiversity conservation and ecosystem productivity and second iseconomics—
creating consumptive (e.g. high fish yield) and non-consumptive benefits (e.g. coastdl protection, tourismand
highgenetic pool).
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Caw-oy Coral Farm

Theproject started last October 1998 to October 2000 and wasinitiated by Dr. Thomas Heeger (CIM) and
Dr. FilipinaB. Sotto (USC-MBS), under the University of San Carlos—MarineBiology Sectionashost. This
wasfunded generoudy by GTZ, CHED-COD and the German Embassy (Manila). Thefarm wasallocated
witha2-hectareareain Caw-oy, Olango Idand, Cebu and declared asaprotected areaby virtue of Barangay
Resolution No. 14 and Ordinance No. 7, Seriesof 1997 passed by the Caw-oy Barangay Council. About
275 Cora Nursery Units (CNU) were deployed and with approximately 22,000 coral fragments of 103
species (Heeger and Sotto, 2000). The coral farm hasalready rehabilitated two sites, onein Marigondon,
Mactan (4,000 fragments) and onein Camotes|dand, Cebu (2,000 fragments).

Coral Reef Rehabilitation Program (CRRP)

Presently, the project issupported by the International Marinelife Alliance (IMA) and at the sametime
launchesitslatest project the Coral Reef Rehabilitation Program (CRRP) which adaptsthe coral farming
method for reef rehabilitation and proper reef management. It hastwo aimsnamely, to rehabilitate damage
reefsintobiologicaly diverse, productiveand functioning system and to managetheseresources properly.

Coral Farming M ethodology
a.) Callection of cora fragments

Cord fragmentsare collected using pliersfor branching typeand hammer and chisdl for massve, submassive,
columnar, encrusting and foliose cord lifeforms. Collectionisthemost critical part, hencetheneedto
properly educate and trained them the basics of coral reef ecosystem and itsimplication. Criteriaare set to
insure proper collection, such as; takeonly fragmentsfrom ahealthy mother coral, do not exceed 20% of the
wholesize of themother coral, deploy small piecesof coralsto suitable hard substrateand collect only at the
periphery of massiveand submassivecorals.

b.) Transfer of cora fragmentsby boat

Collected fragmentsarekept in plastic containersand water ischangefrequently. Boat tripsusually last from
45 minutesto 1 hour and brought to thefarm. Timeelement iscrucial tothesurvival rate of cora fragments.

c.) Tying of cord fragments

Thewomen arewaiting inthefarm and getting ready with their tool s (pliersand plastic basins) and materias
(Mactan stonesand G.1. wires). Thewomen thentiethe coral fragmentsto the substrate carefully insuring
tightnessto allow faster attachment to the base. Finish productsarethrown directly to the seato minimize
stress.

d.) Collection of tied coral fragments

Fisherfolk diverswill collect thefixed cora fragmentsin the seafloor and transfer themto Cord Nursery Units
(CNU). These CNUs are cleaned and maintained bi-weekly toinsuresurvival. Coral fragmentsare either
turnover or covered by sand or ssimply eaten up by natural predators. Dead ones are replaced, with their

substrate re-used for the next cropping.
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Threat tothecoral fragments

Thefarmisby nature subject to different threats and one of thisis starfish attack (Acanthaster planci or
Culcitaspp.), sedimentation from anearby mangroveforest and cora bleaching.

Reef rehabilitation

Thisisthefirstaminthecora farming. Prior to actua rehabilitation, thereshould bearapid coral assessment
using Line-Intercept Transect (LIT by English et al. 1997) to determineitsfeasibility. Criteriaare set to
favorable abiotic and biotic conditions such as, average working depth of 6-12 mwith hard substrate, live
coral cover should beat 20-25%. Considerationsin reef rehabilitation should befollowed e.g. do not place
thefragment ontop of aliving coral, do not put it in sandy bottom, placeit in between crevicesand open
spaceswith hard substrate. Deploy two cora fragments per square meter area. Monitoring thesurvival rate
isrecommended if itisused for scientific purposes, otherwiseit isnot very necessary.

Coral Farm Ecotour

Thisactivity isthesecond am, whichwill aso supplement their income. Thisactivity consist of ainformal
lecture carried by acommunity member explaining thingsabout the project, narrating their usud activitiesas
well asther existing fishing practices. Thiswill dso highlight acora farming demo, wherethevisitorscan get
ahands-on experience on therehabilitation. Another component of the ecotour isan underwater coral trail,
itisaninteractive natural museum educating the scubadivers about thewonders of the coralsand the reef
itsdlf. Theseconsist of severa signboardswith information pertaining totheliveexhibits.
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Asosiasi Koral, Kerangdan Ikan HiasIndonesia (AKKI11/
Indonesian Coral, Shell and Ornamental Fish Association

AKKII, asoknowsasthelndonesian Coral, Shell and Ornamenta Fish Association wasestablished onthe
1% of August 1990. Asitsnameimplies, themembersof AKKII areexportersof therelated commodity. At
present AKKII have 19 members.

AKKII’sestablished was dueto the member’ srecognition that coras, shellsand ornamentd fishformsa
part of Indonesid snatural resources. To ensureitsfutureavailability, limitsonitsutilization havetobeset a
sustainablelevel usudly inadirect correlation between theresources popul ation and avail ability in nature.

Withinthisframework, AKKII and itsmembersare committed to the princi ples of sustainable utilization of
what isavailable. At the sametime, it al so acknowledgesthat the existence of such resources should be
useful.

Eventhough AKKII isan organizationfor businessmen; itsactivitiesarenot oriented solely for the benefit of
the members, but al so membersto act together with the common fishermen who arerelated in the chain of
commerce. AKKII devotesits activities to the provision of assistance and guidance, either directly or
indirectly on mattersthat aimtoimprovetheir prosperity.

Vision
To become an organi zation that uphol dsthe principles of responsible, disciplined and sustainable
management on the utilization of our natural resourcesin cord, shell and ornamental fish.

Mission
Provide servicesfor itsmembersonthe proper preparation and utilization of our corals, shellsand
ornamental fishesresources.
» Actasabilatera bridge between the government, AKKII membersand other related to thethird parties.
» Executeregulationsand other socia functions.

Activities

Besideproviding servicestoitsmembers, AKKII isa sofocused onitsinvolvement on thefollowing

divisons

* Activeinactivitieswhich arecharacterized asimportant to the surviva our cord, shell and ornamentd fish
resources. One exampleisthe propagation of coralsby transplantation. Another iscarrying our stock
assessmentsof cora populations.

» Participatein discussons, seminar and trade shows, both locally and international .

» Createasocia event that promotesthe sustainable utilization of Coral, Shell and Ornamental Fish.

Cooper ation with other parties
Insdetheframework of sustainable utilization of our natura resources, AKKI1 emphasi zestheimportance of
developing al formsof relationship and cooperation with partiesboth within and outside of Indonesia.

In acknowledging the book of regulationsand criteriaon sustainable utilization of coral, AKKII playsan
activerolein upholding those princi pleswith partiesand other rel ated establish organizations.



Coral Callecting

Indonesian CITES Management Authority had recommend collecting areain Indonesiaasfollows:

1. South Sumatra/Babel : Bditung

2. Lampung : Legundi I1dand and Tanjung Putusidand

3. WestJava - Labuhan, Binuangan, Pameungpuek and Cilamaya
4. DKI Jakarta : Panggang Idand and Untung Jawaldand

5. Centra Java : Jepara, Cilacap and Pemalang

6. EastJava : Banyuwangi and Madura

7. Bdi : Gilimanuk

8. South Sulawes : Makassar

9. EastNusaTenggara : Kupang

10. Mauku : Ambon

Coral reef isarenewableresource. Many speciesof stony coralsgrow slowly and depend onthe
environmental condition including disturbanceto the growth of the corals. Thesefactorsmust betaken
into account inthe harvesting and utilization.

In Order to guarantee sustainabl e utilization of coral reefsthefollowing principlesare adopted:

Coralsare harvested outside the conservation areas and tourism aress,

Corasareharvested with sizelimit in accordance with the growth rate and species;
Cordsareharvested in harvest rotation systemsin order to allow recovery;.

Corasare harvested below the regeneration rate of each species,

Coralscan only be harvested in the siteswhose stock or popul ation has been assessed;
Monitoring and eval uation of the popul ation to ensure sustai nable utili zation and conservation are
undertaken.

SouhkhwdE

Sizelimit of coral harvested:

e 60%withsize5—-10cm
» 30%withsizell—-15cm
e 10%withsize1l6—25cm
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CORAL CULTURE USE TRANSPLANTATION METHOD AT PARI
ISLAND, NORTH JAKARTA

Dedi Soedharma, Yuni Yarman, Sadarun, Ofri Johan

Abstract

The study program of stony coral transplantation was conducted at 2-10 m depth on the reef slope of
Seribu Idand from September 1998 to May 2000. The objective of thisstudy wasto develop fragmentation
method using by thegrowth rateindicator for certain speciesof thecoral.

Theresult of the coral transplantation was successful with the survival rate from 83 to 100%.
Acroporayongel wasthefastest growth rate (=4,890 cm/5 month) and the bud’s number wasfound on A.
hyacinthus (53 bud’s/5 months). The second step of this study was doneto transplant the stony coral at the
windward, leeward and lagoon areas, which was carried out from October 1999 to May 2000. Theresult
indicated that thefastest increasing of thelength of stony coral wasfound at theleeward areas. Thethird
step of thisstudy was doneto transplant the stony coral at the 3m and 10m areas, which was carried out
from June 2000 to October 2000. Theresult indicated that the fastest increasing of thelength of stony coral
wasfound at the 3m depth areas.

INTRODUCTION

Coral reefshave been utilized by Indonesian communities as protein sources (coral reef fisheries) for a
long ago. Thecora stone had been used asfoundation of housein coastal area. According to the observa-
tion Nationa Ingtitute of Oceanology (L IPI),thereisdrastically decreasing on coral reef condition caused by
fishing activitiesusing by explosvematerialsand cyanide. Coral reef coveringisaround 7 %in excellent,
29% good condition, 40 % critical, while 24% moderate condition. Effort for rehabilitating hasbeen doing
through community awareness and stopping illegd fishing. Rehabilitating effort through moving acora
reef from natural stock to degradation areaisamethod in rehabilitating or creating anew habitat using
fragmentation model whichiscuttingasmall part of coral and putting at the ceramic or cement.

Harriott and Fisk (1988) reported that coral reef transplantation wasagrafting or cutting live coral to
be planted in other new areaor other placeswhich were degradationin condition aseffort to rehabilitate or
createanew habitat. Transplantation hasarolein regenerating speed of coral reef and new colony
aopearing.

InthePhillipines, coral reef tranplantation had been applied for recovering coral reef ecosystem, which
was degradation caused by fishing activitiesusing explosive materia . Auberson (1982) reported that coral
reef tranplantationin Singoporewas used to protect coral through moving the cora in new habitat because
the previous habitat wasreclaimed (Plucer - Rosario and Randall, 1987). Transplantation moddl wasused
alsoin Gresat Barrier Reef (Australia) for increasing arehabilitation caused by attacking of coral predator
{ Acanthaster planci) (Harriott and Fisk, 1988).

Thisstudy was carried out by cooperating Bogor Agriculture University and national Institute of
Oceanology and theIndonesian Coral, Shell and Ornamental Fish Association (AKKII).

METHODOLOGY

Experimental wasdonein Pari Island at 4-10 meter depthinthereef dope, from October 1998 to
May 2000. A certain part of stony coral waslaced at the substrates, nets, ceramicsor cement that was
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banded by nylon rope at the metal frame. The coral was not resistance out of water so it needsto beputin
into the seaafter binding. 1t washighmortality wheninopenair inlongtime. Harriot and Fisk (1988)
reported that cora which wastransplanted in the protected areamaximum 1 hour long, morethat 1 hour, it
will die 50%; 3 hours, 70% will die.

Environmental parameters had been measured such astransparency, current, sediment rate, turbidity,
nitrate and phosphate. Some steps of experiment were done:
1. Experimental growth on Acropora
2. Commercid cora reef experiment (coral export) from other placesin Indonesia.
3. Transplantation experiment at 3 m and 10 m depth, growsthe coral at difference position (vertical and
horizontd)

RESULT AND DISCUSSION
1. Observation result using net

Observation result using by nets placed at the basis substrate from October 1998-March 1999 (5
months) wastransplanted around 11 species Acroporafrom surround area. Thischoosing specieswasto
observe agrowth development for 5 monthsin new habitat.

Mucusduration fromtaking asmall part for (fragmentation) at injures part that was covered mucus.
Mucusispart of recovering that takes 3-5 days(Table 1).

Flucus R 10T BN T AL
3 davs A et ELg 3
_ ' A Jnachwtbs | 3
4 days i . tenws | T= S S
. 5 davs | Frrmnasd A5
. | A, mersae | -5
| A, efivericnii i 4
A amrged 5
i A, cespeEr | 5
| A I|I|_L:||'-:.'q,'l'|'.l i 4
A, vl i 5
| A E'I“”' e | - ]

From thisobservation can be seen that coral beginsto grow from recovering time. Recovering period
varied 5-13 days. Acroporaaustrea, A. hyacmthusand A. anstenaare thefastest one comparing with other
speciesasshownin Table 2.

Tabel 2. Recovery duration of coral transplantation

Recovery Name | Interval _ |

< 7 days ( fast) A, temuis 5—6

A, awsteria 5-6

I A Twvachinthus 5-4

7 -9 days (medium) | A formosa 7-8

I A masila 7
A divaricala 0
A vongei | B
= 10 days (slow) A, valida 10
I A. digirifera 12
A aspera 13
! A plawca i 13
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2 Growth Rateof Coral

Growth observation was described to be 3 steps: height growth (Iength), encrusting to substrate, and
encrusting to stalk. Height growth wasaround 2,01 - 4,91 /5 monthsas shown at Table 3.

Takli 3. Gironwth rate of coral transplantation

Height | Mm i 1 Imterval
< 3 Cm | A grfernce 2.0

A digririfera _ZI 11-2 43

i-4cm i A, divaricaia 3,19-3 .22

A, ferns 3,265-3 33

Al aspera 3,30-333

A fvachinnien _ 3.23-361

=4 ¢m A wvelicla 4094 12

A farmiaesg d 18-4 44

A ousrerio 4 58-4 63

A nasito | 4 Th-4 81

A, pewngpet l 4 RE-4 9]

Acroporaglaucaand A. digitiferawere dow relatively comparing with othersvaried 2,01-2,43 cm/5
months, while other 4 speciessuch asA. valida, A. formosa, A. austeria, A. nasuta, and A. yongel
faster relatively varied 4,09-4,91 cm/5 months. Speciesthat wasrédatively dow growth for export was
around 106 species (AKKI1,1999), kind of coral with polyp sizesmall tolarge. Thesampleswere
collected from coastal placesinIndonesalike Lampung, Seribu Idand, Madura, South Sulawes, etc.

At first timeon replantation in the seawasto observed adaptive ability in Pari 1dand environmental .
From the observations, most of coral (> 90%) canlivewell. Thenext study wasfocused to growth ability
infield. Especially for cora with big polyp such as Blastomussa, Cynarina, Catalaphyllia, Fungia, etc.
weretried to cut until can beknown the speciesregenerate with human help.

3. Bud’sregeneration

Growth of bud’snumber wasagrowth indicator of coral reef that was planted. During 5 months of
planting, number of bud wasaround 6-53 budsin each 5 speciesof coral { A. glauca, A. aspera, A.
nasula), 4 speciesof coral grows 20-40 budsand 2 speciesof coral (A. lenuis, A. hyachinthus) was
around 42-53. Number of bud wasshownin Table4.

Table 4. Number of buds of coral derapora

Height ! Name | Interval {cm)
=M | A whanca | i
| A aspera : 7-8
A ligititera ' 9-12
A ibhvaricara ' F1-12
_ | A. maxig i 17-22
20 — 4 . A, vemgees I 21-23
| A vl ! 24-26
i A formea ! 23-27
| A. OUSTEFiT ! 24-31
=40 ! A femns 42-46
| A. lvachintin i 52-53
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From the observation, it can be shown that devel opment and growth ability of 11 speciesof the Acropora
from nature habitat can adaptive easily and growth normally after transplanting. Thisconditionwasrelated
to Maragos (1974) recommended that the transpl antation must be from the same habitat especially water
movement, depth, and turbidity.

Recently, it wastried acoral from other placesin Indonesiasuch asLampung, South Sulawesi, and
Madura. The speciesof coral can adapt well and most of them live (90%). Transplantation effort done by
placing on the substrate was possible many kindsof cora reef growsindividually and can befarmed safely
without cutting.

The highest mean linear extension growth rate of coral transplantswasfound ontheleeward side
(0.743 cm/month), on thewindward side (0.308/month) and in the lagoon side (0.040 cm/month).

Thehighest surviva ratewasfound on thewindward sidewith 97,78%, ontheleeward sidewith
91.1% and inthe Lagoon with 35.6%. SpeciesA. donel had the highest survival rate (91.1%) andis
sgnificantly different from A. acuminata (68.89%) and A. formosa64.44% survival rate.

CONCLUSION

From the study in thefield can be shown that specieswith small polyplike Acroporawaseasier and
taster in growth through transplantation, while other specieswas capablein theenvironmental of Pari Idand
wishwasdifferencewith nature condition. The highest mean linear extension growth rate of coral transplants
wasfound on theleeward side and the highest survival ratewasfound onthewindward side. Thisstudy will
be continued by transplanting aspecieswith large polyp using the same method.
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Surveys of Coral Collection Sitesin the Spermonde Ar chipelago, South Sulawesi
Andrew W. Bruckner, NOAA Fisheries, Silver Spring, MD

SUMMARY: Indonesiais currently theworld’slargest exporter of stony coralsfor ornamental markets, with an annual
trade of about 2 million pieces of stony coral and liverock. To date, Indonesiaisthe only country with a coral export
fishery that is managed through an annual harvest quota established for each taxain 10 provinces where harvest is
permitted. Indonesia’s guidelines for sustainable utilization of coral resources also stipulates best collection practices
including size limits, rotation of collection sites, and sites closed to coral collection. While the quotafor some taxa of
corals appears to be sustainable, importing countries have expressed concern that other less abundant corals may have a
guotathat istoo high, according to available scientific information on the biology, distribution and abundance of the taxa.

To resolve this dilemmaand to provide guidance in the development of complementary management approaches, NOAA
Fisheriesin collaboration with TRAFFIC Europeis examining the stony coral fishery inIndonesia. Theinitial component
of this project isfocusing on specific taxa of coralsthat are currently under trade suspension in the European Union
(EU)?, which make up close to 50% of the total annual quotaallocated by the CITES Authorities of Indonesia. The study
includes an assessment of the distribution, abundance, population demography, habitat requirements and life history
characteristics of thetaxain trade. We also examined patterns of utilization, including the numbers of collectors, locations
of collection and the amount and type of harvest. The goals are to map the distribution of the harvested taxa and

describe the condition of the resource, in order to determine ecologically sustainable collection guidelines. This report
presents preliminary information from the Spermonde Archipelago, South Sulawesi, and recommendations on possible
constraints that should be placed on current harvest levels.

All of the taxa currently under trade suspension by the EU were observed in the Spermonde Archipelago, but these were
not the dominant taxa present. In general, reefswerein good shape except for fish populations, with a high cover of coral
(25-70% cover), alow level of coral disease and predation, and few signs of recent mortality. Inreef environments, coral
cover increased with distance from shore although inshore areas with close to 100% cover were identified; free-living
corals were also observed in soft-bottom habitats at alow density in deeper water. Fish abundance and diversity were
highest on offshore reefs, but commercially important fish specieswererare at all sites. Although no outbreaks of
predators [COT (Crown of Thorns) seastars, Drupella gastropods] or major bleaching were observed, some areas were
affected by blast fishing as indicated by large rubble fields and numerous dislodged and fragmented corals. Coral species
richness varied among sites, with the highest diversity on fringing reefs (maximum of 52 genera on one reef) and the
lowest diversity in deep, soft bottom habitats. Most scleractinian corals measured along transects were small to
intermediatein size (7-23 cm diameter), with very few coloniesover 50 cmin diameter. Of the 7 suspended taxa, each
showed very specific habitat preferences (7 habitat types were identified); within preferred habitats they occurred at
densitiesof 0 - 1.2 colonies per sq. m, with most at adensity of < 0.2 colonies/m?. Within the Spermonde Archipelago, the
total abundance of each of the 7 suspended taxa was estimated to range from 8,000 colonies (Blastomussa wellsi) to
900,000 colonies (E. glabrescens), although one taxa under EU suspension, B. merleti was not observed during the
surveys.

Coral collectorstargeted specific sitesfor individual species of corals. Collection occurred onthereef slope or at the
base of the reef (12-20 m depth), or in deeper soft-bottom habitats (30-40 m depth). Colonies were selectively harvested
over awide area, with minimal habitat impacts associated with collection. At the CV Dinar holding facility, 87% of the
corals on hand were taxa under EU import suspension, and these ranged in size from 2-25 cm depending on the species.

An estimate of thetotal available resource (determined from the mean number of colonies per square meter multiplied by
the estimated aerial extent of habitat occupied by that taxon) and the potential maximum annual harvest (determined from
the quota) suggests that collectors may remove from 0.4% to 96% of the standing stock per year, depending on the target
species. The quota allocated for E. glabrescens and E. ancora, appears to be within sustainable limits, as estimates
suggest that <1% of the available resource is collected each year. The quota for Nemenzophyllia turbida may be
sustainableif other similar habitats occur within the Spermonde Archipelago. The quotafor colonies of C. lacrymalis,

T. geoffroyi, Plerogyra spp. and Hydnophora spp. may be at or slightly above sustainable levels, with an annual harvest
of 1.9-4.2% of the estimated resource. In contrast, Blastomussa spp., C. jardinel and E. cristata are currently being
harvested at levelsthat may result in localized extinction within afew years (31%-96%). These surveysprovide
preliminary data on the potential available amount of coral resources using avery crude estimate of the area of each
habitat type and results indicate that quotas should be reduced for at |east three species to reflect field data. More field
surveys and additional research on the biology of the target species are needed to verify sustainable harvest levels for
other taxa, and to determine the impacts associated with the removal of corals at the present levels.
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Introduction

Stony corals are harvested throughout Indonesia for building materials, aggregate for road construction, production of
lime, the domestic ornamental industry, and also for international trade as curios, jewelry and aquarium specimens.
Indonesia has been the world'slargest coral exporter sincethe early 1990s. Currently, only live coral may be exported;
trade in skeletons (recently killed and bleached coral) for curios was prohibited in 1998. While hundreds of individuals
collect coral, only Asosiasi Kerang, Koral dan Ikan Hias Indonesia(AKKII , the Indonesian Coral, Shell and Ornamental
Fish Exporters Association) membersare allowed to legally export corals.

Indonesia has specific guidelines for the sustainable utilization of coral resources, which were developed in coordination
with the Ministry of Forestry and Estate Crops (Director General of PKA). Thisincludesaquotafirst developedin 1997,
which is now broken down by speciesfor each province. The quotaallocated for 2001 includes over 925,000 live corals,
950,000 pieces of reef substrate with attached soft corals and 450 metric tons of liverock. Coral harvest for international
tradeis currently allowed in 10 provinces, but it must occur outside protected areas and tourism areas. In addition, coral
is supposed to be taken at levels below the regeneration rate for each species, and at a specific size (e.g. 25 cm for fast
growing species and 15 cm for slow growing corals). These guidelines also recommend that collection only occur in sites
where population assessments have occurred and monitoring is undertaken to ensure sustainable utilization. Along with
specific methods of coral removal, coral collection sitesare under aminimum of afour year rotation period.

International trade in coralsisregulated under an Appendix |1 listing in the Convention on the Trade in Endangered
Species of Wild Faunaand Flora(CITES). Exporting countries must provide an export permit with each shipment that
indicates that the collection and trade is legal, and the trade will not be detrimental to the survival of the speciesin the
wild. Inaddition, an Appendix Il listing gives animporting country the authority to implement more stringent require-
ments if they feel a speciesis being traded unsustainably. The EU countries recently adopted a regulation (Regulation
(EC) No 338/97) on the protection of species of wild faunaand florain trade that allows more stringent measures for EU
Member States. Thisincludes the obligation to issue an import permit aswell as an export permit, and the authority to
suspend importsif tradeis believed to be to the detriment of the species.

In 1998, the Scientific Review Group (onebody responsible for implementation of Regulation No 338/97) beganto
guestion the level of export quotas set by Indonesian authorities for live corals, and were particularly concerned about
one taxon, Catalaphyllia jardinei. After additional analysisthe EU adopted a temporary trade restriction for 7 coral
species effective as of September 1999. Additional species of the suspended genera and one additional genus were
added to the trade suspension in July 2000. The quota for these species was particularly high, and did not appear to be
derived using knowledge pertaining to the status of populations, their distribution and abundance, or their biology. The
EU requested additional information from Indonesia pertaining to these taxa, and can lift the trade suspension as soon as
scientific data are available to verify that the level of tradeis sustainable.

The purpose of this assessment was to test a monitoring approach for the stony coral fishery, use this approach to assess
the status of coral collection areas, and determine whether alternative management measures are needed to ensure
sustainable harvest. Based on recommendations at an International Coral Trade Workshop held in Jakarta (April 9-12,
2001), we developed a monitoring protocol to assess the status and trends in coral taxatargeted for trade as aquarium
specimens and tested it in locations off the Spermonde Archipelago, South Sulawesi. This areawas chosen as the site
for coral surveys because thisis one of the largest coral reef areas in Indonesia, and one of the largest coral collection
areas. The results of this survey will form one component of an EU assessment of 7 taxa that have been suspended since
1999, and also will provide an initial step at determining a sustainable quota based on the condition and abundance of the
resource.

M aterialsand methods

Surveys were conducted in 12 locations in the Spermonde Islands to examine the species richness, distribution,
abundance, popul ation dynamics and habitat requirements of key scleractinian coral taxafound there. The coral
assessment team consisted of coral reef biologists (Borneman, Bruckner, Lovell and Suharsono), fisheries biologists
(Field, Raymakers), industry representatives (coral collectors, AKKII membersand acoral exporter), and students (Long
and Yusuf). Areasexamined were from 1-35 m depth, and included nearshore and offshore fringing reefs, submerged
patch reefs and soft bottom habitats .
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Fig. 1a. Location of study area. A. Sulawes, Indonesiais the shaded area inside the box.
B. Location of Spermonde Archipelago, off South Sulawesi, indicated by the shaded area.
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Fig. 1b. Location of study sites within the Spermonde Archipelago. Reas surveyed are
indicated by a diamond. The Spermonde Archipelago was divided into four strips, based
on exposure and distance from Sulawesi.
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Thefour trained coral biologists performed transect surveys from 1-35 m depth to quantify coral cover and species
richness, as well asthe distribution, abundance and size of the major reef-building coralsin trade. Other divers assisted
with video photography, laying transects and other aspects of survey work. All corals were recorded to genus, except for
certain easily identifiable taxa, which were recorded to species. In addition to the information collected on the habitat
types, coral condition, and population demography, this trip allowed an assessment of collection and handling practices
used by the coral fishers. The composition and sizes of harvested taxa was assessed at the CV Dinar holding facility in
Baranglompo during one week in April. The numbers of each taxon was recorded, including corals observed during the
first day, additional corals brought in during the week, and corals that were transferred to the export facility in Bali. A
sub-sample of the taxa on hand were measured and weighed.

Using data on coral composition and size obtained from transects, and aerial extent of different habitat types within the
Spermonde Archipelago (estimated from nautical charts), the potential harvest (using the quota established by Indonesia
for this province, referred to as Sulsel Province) was cal culated for the Spermonde Archipelago. The Spermonde
Archipelago was divided into four zones, based on the distance from Sulawesi and physical parameters (according to
Moll, 1983). Within these zones, seven different habitat typeswereidentified. The extent of the different habitat types
was calculated by estimating the spatial coverage of each for each zone.

Table 1. Site information for areas examined in Spermonde Islands. All coordinates were obtained from a GPS,

except those indicated by an* , which were estimated from nautical charts.

Name Coordinates Depth Habitat Description

Pulau Balanglompo S 05°00'00.0"S 4-16m shallow reef (inner belt) submerged patch

4/14/01* 119° 28'00.0" E reef

Bone Lola 05°03'05.0"S 3-16m shallow reef (inner belt) submerged patch

4/14/01 119° 21'21.9" E reef

Bone Batang NW 4/15/01 05° 00'30.6"S 30-32m sand/silt high-ground isolated, submerged

Nemenzophyllia bed #1* 119° 18'00.2" E (inner belt) low-relief patch reef

Bone Batang W 4/19/01 05° 00'50.8"S 30-35m sand/silt high-ground isolated, submerged

Nemenzophyllia bed # 2 119° 18'20.2" E (inner belt) low-relief patch reef

P. Kuricaddi NW #1 05°00'26.0"S 1-3m mud/sand and silt with coral  nearshore

4/15/01 119° 26'38.0" E thickets environment; river
(nearshore belt) discharge

P. Kuricaddi #2 05°00'27.1"S 3-4m sand/silt with isolated rocks  nearshore

4/19/01 119° 26'38.3" E and coral heads environment; river
(nearshore belt) discharge

P. Balangcaddi/P. 04°55'00.0"'S 2-6m shallow algal flat and coral-  submerged patch

Balanglompo* 4/15/01 119° 25'00.0" E dominated reef slope reef

Samalona reef 05°07'223"S 39m shallow reef (inner belt) fringing reef

4/16/01 (dive 1) 119° 20'32.4" E

Barangcaddi 05°05'22.6"S 2-10m shallow reef (inner belt) fringing reef

4/16/01 (dive 2) 119° 19'02.1" E

P. Kudingarengkeke SE 05°05'34.7*S 10-20m reef slope (middle belt) submerged patch

4/17/01 (#1) 119° 15'12.5" E reef

Bone Malonjo SE 05°17' 19.1"S 32-40 m silt/sand, algae and macroalgal soft

4/18/01 119° 06" 50.7"E cyanobacteria (middle belt) bottom community

Bone Malonjo 05°17'16.4"S 23-28m gently sloping deep reef; submerged patch

4/18/01 (#2) 119° 06'44.7" E sediment and hardground reef
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The amount of available coral of each taxon was then extrapolated from 1) amean abundance of each taxon based on
information obtained in the twelve survey locations; 2) the percent of the total population that was within the size range
targeted by collectors; and 3) the total area occupied by that taxon. For this preliminary analysis, estimates of the aerial
extent of each habitat type are very crude, and may reflect alarger than actual area. For instance, thereef areaused in
calculations includes non-cora habitats such as the associated beach and cay.

Results:
Field Assessments

a. Habitat types and aerial extent

The Spermonde Archipelago has an estimated area of 16,000 square km and atotal reef areaof 4,290 squarekm. It extends
approximately 60 km offshore, isbounded by abarrier reef 143 kmin length, and has amaximum depth of 67 m (Tomascik
et al. 1997). Within the archipelago are approximately 150 islandswith fringing reefs, hundreds of submerged patch reefs,
and extensive soft substrate habitats. To estimate the total available resource for each coral taxon, the Spermonde
Archipelago wasfirst divided into main four sections (referred to as Astrips@ by Moll, 1983), termed here nearshore,
inner, middle and outer (Fig. 1 b). Each of these sections differsin the degree of wave exposure and sedimentation, which
isprimarily related to the distance from Sulawesi. Three sections encompass approximately an equal area (estimated to be
3200 square km each), while the middl e section isabout 6400 squarekm.

Seven major habitat typeswereidentified in the Spermonde Archipelago. Theseinclude: 1) barrier reef (formsthe outer
rim of Spermonde); 2) fringing reefs (reefs associated with offshore coral cays); 3) submerged patch reefs (coral-domi-
nated communitiesfrom 2-20 m depth, located 5-20 km off Sulawesi); 4) macroalgal soft bottom communities (deep areas
located 20-60 km offshore with a sand/silt substrate colonized by red, green and brown algae and cyanobacteria mats); 5)
isolated low-relief coral communitiesin unconsolidated sediment (deep areas with a sand/silt/mud substrate located 5-20
km offshore); 6) scattered coral/rock in unconsolidated fine sediments (up to 5 km offshore, lessthan 5 m deep, mud/silt/
sand substrate, in areas affected by river discharge); and 7) grassbeds (associated with larger cays, primarily offshore).
Surveyswere performed in 5 of the 7 major habitat types.

Table 2. Estimates of the aerial coverage of habitats examined in the Spermonde

Archipelago.

Habitat type Section % of section  Total area

Fringing reefs inner and 15% and 5% 800 sg. km

Submerged patch reefs nearshoreand  15% 960 sg. km
inner

Macroalgal soft bottom middle 70% 4480 sq. km

Low-relief coral communitiesin  inner 5% 160 sg. km

unconsolidated sediment

Scattered coral rock in nearshore 20% 640 sg. km

unconsolidated sediment

b. Coral composition and demography

A total of 67 genera of sceleractinian corals and four additional hard corals (Millepora, Tubipora, Heliopora and
Stylaster) were recorded within belt transects conducted in 12 locations in the Spermonde Archipelago (Appendix 1). The
number of generain each location ranged from 5 to 52, with amaximum of 51 generarecorded along asingle transect.
Fringing and patch reefsfrom 5-20 m depth had a greater number of taxaand a higher cover by stony coralsthan shallow
nearshore sites and deeper a gal-dominated soft bottom habitats. Total cover of corals measured along transects in reef
environments (10-20 m depth) ranged from 15-85%. 1n soft bottom habitats, coral cover wasgenerally very low (<1%-5%).
However, ashallow (1-3 m depth) sitein very turbid water (near arivermouth; P. Kuricaddi) wasidentified that had coral-
dominated patches with close to 100% cover, and extensive monospecific assemblages of Galaxea, Porites and
Montipora.
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Most coralswere small to medium in sizewith very few corals (1.5%) larger than 100 cm diameter. Inreef environments,
coralsrangedin sizefrom <1cm diameter to 330 cm, with 66% of all coralsfrom 5-24 cmin diameter, whichisequivalent to
the size of allowable harvest in Indonesia(Fig. 2). Insoft bottom habitats most coralswere small (<15 cm), withthe
exception of large monospecific coral heads observed in shallow water.

C. Reefal areas
Submerged reefsincluded areef between P. Balangcaddi/P.Balanglompo, Bone Lola, P. Baranglompo S, and P
Kudingarengkeke SE, and Bone Malonjo #2. Emergent fringing reefs included Samal ona and Barangcaddi.

The reef between P. Balangcaddi/P.Balanglompo had a shallow algal flat dominated by Sargassumwith isolated corals and
rocks (1-2 m depth) and avery narrow band of corals concentrated along the reef slope (3-6 m depth). Reef areashad a
mixed species assemblage with branching, massive and plating corals and large patches dominated by free-living fungiids
. Acroporids were rare. This was reported to be an area dominated by Catalaphyllia jardinei, but C. jardinei colonies
were aggregated in one small area, and the taxon wasrare elsewhere. A few large Euphyllia and Hydnophora colonies
were observed.

Bone Lolaand P. Balanglompo S are nearshore submerged patch reefswith a high cover of living coral. Thesereefs have
ashallow reef flat (3-5 m depth) and an extensive reef slope (5-16 m depth) that terminatesin sand/silt. The coral
community was represented mainly by massive and submassive corals (especially Goniopora), fungiids, Euphyllia spp.
and Galaxea, with anotable absence of acroporids, few pocilloporids, and few large foliose or plating corals.

Samolonaand Barangcaddi are fringing reefsin the inner section of Spermonde Archipelago. These had a shallow reef
flat and anarrow reef slope that extended from 2-3 m depth to about 10 m. Thereefswere dominated by plating and
foliose corals like Echinopora, Oxypora, Merulina and Pavona; branching corals like Acropora, Porites and
Seriatopora, and also faviids and fungiids.

P. Kudingarengkeke SE was a submerged patch reef in the middle section of Spermonde. The reef extended from about 10
m depth to 20 m and lacked atypical reef flat community. Thisreef had the highest diversity of corals and highest cover,
with massive, plating and branching taxa. Dominant taxaincluded Euphyllia, Goniopora, Porites, fungiids. faviids,
Lobophyllia, Galaxea and Seriatopora, respectively. Blastomussa was observed and collected in this location.

A deep submerged offshore reef (Bone Malonjo) was surveyed in the middle section of Spermonde. Of all reef
environments examined, this area had the lowest coral cover. Many of the corals werefinely branched and delicate.
Acropora and Goniopora were the most abundant taxa, followed by fungiids, and other plating and branching corals.
Blastomussa, Trachyphyllia, Cynarina and Hydnophora were observed at alow density.

d. Soft bottom communities

Pulau Kuricaddi, the nearshore Catalaphyllia/Trachyphyllia beds (habitat type 6) consisted of alow-relief coral
community with asandy silt bottom in the nearshore section of Spermonde. In shallow water (1-3 m) there were large
stands of Galaxea that extended about 1 m off the substrate, interspersed with patches of other taxa; atotal of 23 genera
wererecorded. Dense cora assemblages were separated by meandering sediment channel s that had isolated free-living
colonies of Trachyphyllia (and Wellsophyllia which is lumped under Trachyphyllia because neither Cairns, 1999 or Veron
2000 recognize it as a separate genera). Trachyphyllia were also found as attached colonies on small boulders and coral
heads. The amount of coral declined in deeper locations (3-4 m), asthiswas primarily asandy/silt substrate with isolated
boulders or mounds colonized by sponges, soft coral, columnar zooanthids, and isolated corals. Trachyphyllia and
Catalaphyllia occurred at alow abundance in deeper areas, and had a mean size of 8.4 cm.

BoneBatang (habitat type5) weresmall, isolated coral communitieslocated in theinner section of Spermondeat 30-35m
depth. Coral areas were elevated about 1-2 m off the surrounding unconsolidated silt/sand substrate. One of the patches
was 37.5 mwide by 30-50 mlong, with dense coral cover (>15 colonies/m?) occurring in an areaof roughly 1300 square
meters. The second patch was larger, but corals were much less dense (<5 colonies’'m?). The community was dominated
by Nemenzophyllia, Goniopora and Lobophyllia respectively, but 5 other genera of corals were also found. Other
organisms included corallimorphs, colonial anemones (Zoanthus and Palythoa), octocorals (Snularia, Neptheidae
Sarcophyton, Clavularia and Pachyclavularia) and barrel sponges (Xestospongia).
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Fig. 2. Size frequency distribution of corals observed within transect areas in Spermonde Archipelago.
A . Sizes of corals inhabiting reef environments. All genera of corals occurring within transects are
pooled. B. Sizes of corals found in soft-bottom habitats. Only corals that are currently under EU
suspension identified in soft-bottom habitats were measured (Nemenzophyllia, Trachyphyllia,
Catalaphyllia, Cynarina, and Euphyllia).
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BoneMalonjo SEisamacroalgal soft bottom community (habitat type4) that occupiesan extensive areainthe middie
section from 30-40 m depth. In addition to soft corals and tunicates, six generaof free-living corals (Trachyphyllia,
Goniopora, Herpolitha, Euphyllia, Cynarina and Wellsophyllia ) were identified here, at a mean abundance of 2
colonies/m?,
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Table 3. Population dynamics of scleractinian coralsin Spermonde Archipelago, Sulawesi. All
species examined along transects are pooled. * For these reefs only the suspended taxa were

measured.
Ste Habitat depth  No. Mean diameter ~ No. coralm2
genera (cm)
Bone Batang (NW) * soft-bottom 30 8 135 4.7
Bone Batang (W) * soft -bottom 32 5 15.2 155
P. Kuricaddi NW # 1* soft -bottom ~ 1-3 23 8.4 0.3
P. Kuricaddi # 2* soft-bottom  3-4 8 9.8 0.2
Pulua Baranglompo S patch reef 15 27 234 4.0
Samalona reef fringingreef 9 39 18.6 75
Bone Lola patch reef 15 31 19.8 5.8
Barangcaddi fringingreef 510 51 144 6.8
Bone Malonjo SE #1 soft-bottom 35 6 75 2.0
Bone Malonjo patch reef 26 20 8.6 3.0
P. Kudingarengkeke SE patch reef 15-20 53 18.9 9.4

Coral collecting activities
The magjority of the collection activities observed in the Spermonde | slands occurred on the reef slope or the base of the
reef, and in deep water soft bottom habitats. Collectors did not appear to target shallow reef flat communities dominated
by branching taxa. In all cases, corals were selectively harvested over large areas. Some corals such as Euphyllia spp.
were obtained from several different reefs, while other collection areas appeared to be very specific for certain species,
such as areas targeted for Catalaphyllia, Nememzophyllia, and Blastomussa. Certain species such as Trachyphyllia
were collected from avery characteristic, deep water, soft-bottom algal flat, which covered alarge portion of the more
remote, offshore locationsin the Spermonde Archipelago.
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Collectors used hookah (surface supplied air), and often dove relatively deep (35-40 m depth), without using watches or
following divetables. Typically, several divers (4-6) operated out of one boat, with asingle diver collecting at any given
time. In moreremote, offshorelocations, the collectors were primarily interested in obtaining sea cucumbers (trepang)
that have amuch greater value than coral's, while certain taxa of coralsin high demand were collected secondarily (e.g.,
Trachyphyllia and Catalaphyllia). In reef environments, collectors use a hammer and small chisel to remove the target
coral, causing minimal damage to the surrounding reef or associated corals. In soft bottom habitats, corals are free-living
and no tools were used.

By following acollector underwater for the duration of adive, an assessment of the catch per unit effort was made for one
reef. The collector spent the majority of thetime near the base of thereef, in 18-20 m depth, and was ableto find 25 corals
within 30 minutes. Coralswere placedinsmall collecting bagsunderwater, immediately after removal. The collector spent
on average 1 min 40 sec searching for an appropriate coral, 13 sec to remove the coral and 14 secto placeitinabag. The
duration of individual activities over a15 min period are shownin Fig. 3. Atthe end of each dive, the collector sorted the
corasintheboat. Other diversdid not bag each coral when under water. Instead, the collector removed corals, amassed
them on the bottom, and at the end of the dive brought them to the surfacein asmall basket. Corals were often placed
indirect sunlight, out of water, for 5-10 minutes before being transferred to asmall styrofoam box. Each coral waskept
separate from others by a piece of plastic. Very little water was placed in the collection buckets, and these may be held on
the boat for many hours before being brought to the holding facility (because of the large distance between collection
areas and the holding facility).




Fig. 3 Cora collection activitiesin Spermonde Archipelago. Activitieswerebroken downinto time spent
searching (white bars), timeto removethe cora (black bars) and timeto placeit into abag (gray bars). A
typical fifteen minute block of timeisshown.

Coralsareheld in shallow, flow-through seawater
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Quotasetting

Since 1997 Indonesia has used a system of harvest and export quotas for each taxon of coralsin international trade. The
guotais broken down by species with a separate harvest quota for each of 10 provinces where collection is permitted.
The harvest quotafor the taxaunder EU suspension is presented for 1998-2001in Table 5. From 14-42% of thetotal catch
guotafor the 7 taxais allocated to Sulsel Province, with the remainder divided among 6-8 other provinces.

Biological and ecological information of taxa under EU suspension

a. Euphyllia:

There are nine species of Euphyllia recognized by Cairns (1999) and eight species recognized by Veron (2000). The
genus occurs most often in reefal areas, particularly along the reef slopein moderately turbid environments with low wave
exposure. Euphylliawasidentified on most submerged patch reefs and fringing reefs examined in Spermonde from 5-20 m
depth. Weidentified six species, but two of these were relatively uncommon (E. paradivisa and E. paraancora) and were
lumped under E. divisa and E. ancora, respectively. Euphyllia divisa was aso observed at alow abundance (0.3-0.6
colonies/square meter) in deeper, soft bottom habitats, occurring from 30-35 m depth in an area dominated by
Nemenzophyllia, Goniopora and Lobophyllia. It wasrare or absent from shallow fringing reef environments, especially
in offshore locations dominated by branching pocilloporids and acroporids.

Thiscoral is harvested whole when small, and al so isfragmented from larger corals. On thereefs examined, all species of
Euphyllia had amean size of 18 cm; 60% of the popul ation was of the appropriate size for collection as whole colonies
(e.g. 15cmor lessin diameter), with very few colonieslarger than 50 cm (6.4%) (Fig. 4). However, on onereef (Samalona)
four colonies of E. ancorathat were 2-3 min diameter were observed within one transect. The most common species
observed along transects was E. glabrescens (70%), followed by E. ancora (24%) and E. divisa (5.2%); E. cristata was
rare (0.3%). Euphyllia ancora and E. glabrescens occurred from 5-20 m depth, while E. divisa was found more frequently
inshallow areas (5-15m).

The genus (all species) made up about 16% of thetotal tradein live coral in 1998. For 2001, the quota allocated for these
speciesin Spermonde ranged from 6000-9000 col onies, with the highest harvest allowed for the rarest species, E. cristata
(Table5). Although this species was not observed in the holding facilities at Baranglompo, the other three species were
ones, including E. divisa, for which no quota has been allocated. The density of Euphyllia ranged from 0 to 1.2 colonies
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per square meter,with the highest number of colonies observed on submerged patch reefsin the inner section (Table 6).
Using an average density for fringing reefs and an average for submerged patch reefs (all surveys are pooled), an
estimated 900,000 colonies of E. glabrescens, 750,000 colonies of E. ancora (E. parancoraisincluded in thetotal) and
72,000 coloniesof E. divisa (E. paradivisaisincluded in thetotal) occur in fringing reef (total areaof 800 sg. km) and
submerged patch reef environments (total area of 960 sg. km) of the Spermonde Archipelago. Since specimensfor
international trade can be fragmented from larger colonies, only those coloniesthat are lessthan 5 cm in diameter would
be unavailablefor harvest, which is approximately 15% of the population (Fig. 48). Thus, annual harvest of E.
glabrescens and E. ancora amounts to about 0.9% of the available stock. In contrast, survey datafor E. cristata
suggests that less than 10,000 colonies exists in the Spermonde Archipelago, and the potential annual harvest based on
the allocated quotawould reflect 90% of the available population .

Table 4. Composition of corals at the CV Dinar holding facility in Baranglompo, Sulawesi
during one week in April, 2001.
Taxa Numbersof | percent of | average diameter | average weight
animals total (cm) + SE (grams)
Blastomussa spp. 13 1.3% 5.0+ 0.8 38+ 13.1
Cynarina lacrymalis 4 0.3% 57+ 1.0 95+ 18.1
Catalaphyllia jardinei 250 27.1% 88+18 177 + 69.1
Euphyllia 40 4.2% 120+ 1.6 179+ 224
ancora
Euphyllia divisa 25 2.6% 7.7+0.3 114 + 10.6
Euphyllia glabrescens 48 5.1% 8.1+05 107 +6.2
Nemenzophyllia turbida 260 28.2% 18.2+2.8 125 +9.6
Plerogyra spp. 110 11.9% 9.6+04 246 + 26.3
Trachyphyllia geoffroyi 60 6.4% 6.4 +0.3 80+ 9.2
Favia/Favites spp. 50 5.3% not measured not measured
Goniopora spp. 15 1.4% not measured not measured
Heliofungia actiformis 10 1.0% not measured not measured
Lobophyllia 50 5.3% not measured not measured
All taxa 935 100% 99+04 148 + 8.0

b. Nemenzophyllia turbida

Nemenzophyllia is amonospecific genus recognized by Veron (2000) and Cairns (1999); other authors may placeit inthe
genus Plerogyra as one recently described species, Plerogyra discus (Veron 2000) isvery similar to Nemenzophyllia. This
taxon is considered uncommon, but it was found in large aggregates in two soft bottom habitats near Baranglompo (about
15 kmfrom Makassar) in 30-35 m depth. The density of Nemenzophyllia varied from 2.2-7.9 col onies per square meter,
with amuch higher number recorded in site 2 (Table 6). Overall thistaxon occurred at adensity of 5 colonies per square
meter in asurveyed area of 120 sq meters. Since thistype of habitat covers an estimated 160 sg km, up to 800,000 colonies
of Nemenzophyllia occur in the Spermonde Archipelago. All sizesare availablefor collection, as specimensfor
international trade can be fragmented from large colonies. Thus, the quotaallocated for Spermonde (3000 colonies per
year) isabout 0.4% of the available stock (Table 7). Although, we estimated that up to 160 sq km of Nemenzophyllia
habitat occur in Spermonde, it is possible that thisis an overestimate; additional studies are needed to determine whether
these patches are unique or whether they are fairly common at these depths.
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c. Trachyphyllia geoffroyi

Trachyphylliaisamonospecific generarecognized by Veron (2000) and Cairns (1999). A similar coral Wellsophyllia
radiata has a separate quota, but thistaxon is not recognized by Cairns (1999) or Veron (2000) and is considered
synonymous with Trachyphyllia. Colonies attach to hard substrata when young, but are most often free-living in sand
and silt habitatsand grassbeds. In Spermonde, it wasidentified in shallow, nearshore environments (1-4 m depth) near P,
Kuricaddi at adensity of 0.28 colonies per sg. meter; thistype of habitat extends over an estimated 260 sq km. It wasaso
observed in deep, offshore algal flats (30-40 m depth) at adensity of 0.1 colonies per square meter (Table 6). Although the
density islow, thisisthe most extensive habitat type in the Spermonde Archipelago, covering an estimated 4480 sq km.
Thus, in the nearshore habitat, an estimated 179,000 col onies occur, while 448,000 col onies occur in offshore algal flats.
Coloniesranged from 2-19 cm (maximum diameter), with amean size of 8.4 cm (Fig. 5). Over 83% of the population was
within the sizerange preferred by collectors (5-15 cm). However, these corals may have an upper sizelimit making
virtually al but thejuveniles (colonieslessthan 3 cmin diameter) exploitable. Based on atotal of 627,000 colonies,
520,000 of these are within the size range being harvested. With aquotaof 11,000 for Spermonde, 1.9% of the available
resourceis currently harvested each year (Table 7). However, colonies observed on nearshore reefswere very drab in
color, unlike those observed at the holding facility. This suggeststhat the taxais being collected primarily in offshore
locations. If thisisthe case, collectors may remove up to 2.9% of the population each year from deep algal flats.

d. Plerogyra

There are four species of Plerogyra recognized by Cairns (1999) and three species recognized by Veron (2000); one of the
specieslisted by Cairns (1999) may be synonymous with Nemenzophyllia (P. turbida) and one specieslisted in Veron
2000 (P. discus) isvery similar to Nemenzophyllia. Two species are reported to be somewhat common (P. simplex and

P. sinuosa), while thethird israre. In the Spermonde Archipelago, isolated colonies of Plerogyra were observed on all
fringing and submerged patch reefs along transects performed at 5-20 m depth. A dlightly higher abundance of colonies
were recorded on fringing reefs than on patch reefs. With amean density of 0.083 colonies per square meter on sub-
merged patch reefs, this habitat has an estimated 79,000 colonies. On fringing reefs, amean density of 0.19 colonies per sq
mwas recorded, with atotal estimated abundance of 148,000 colonies (Table 6).

Coloniesrangedinsizefrom 2-80 cm (Fig. 6). About 63% werethe appropriate sizefor collection (5-20 cm); 7% of the
population waslessthan 5 cmin diameter and 30% were from 20-80 cm. Overall, about 143,000 coloniesareavailablein
the Spermonde Archipelago for collection. Based on an all ocated quota of 6,000, collectors are harvesting 4.2% of the
available stock each year (Table 7).

e. Blastomussa

There aretwo species, B. merleti and B. wellsi recognized by Cairns (1999) and Veron (2000). These corals are reported to
occur in reef environments, along the reef slope and under overhangs, but are generally thought to be rare; however,

B. wellsi is not reported to occur in Indonesia. Very few colonies of thistaxon were observed in Spermonde Archipelago,
and all were colonies of B. wellsi. |solated colonies of Blastomussa were recorded in one transect performed on P
Kudingarengkeke (18-22 m depth), an offshore submerged reef, and one individual wasidentified outside atransect area
on another reef. Colonies observed within transects were very small (2-4 cm diameter) and occurred at amean density of
0.05 colonies per sq. m (Table 6). Based on avery specific and limited habitat preferred by these taxa, only about 160 sq
km of habitat is occupied by these species (deeper part of the reef slope of fringing reefs and submerged patch reefs).
Thus, only 8000 colonies of B. wellsi are estimated to occur in Spermonde and it isunclear if B. merleti occurshere. With
aquota of 2,500 for Blastomussa spp., collectors harvest up to 31% of the total stock each year.

f. Catalaphyllia jardinei

Catalaphyllia isamonospecific genus recognized by Cairns (1999) and Veron (2000). In Spermonde, it isreported to
occur in nearshore environments influenced by river discharge and in offshore grassbed habitats. During the present
surveys, Catalaphyllia was identified at alow abundance (0.05 colonies per sq m) on one reef in shallow water (3-6 m
depth), but colonies appeared to be highly aggregated and were larger than those generally targeted for the aquarium
trade. A few colonieswere also observed in ashallow, nearshore location (2-4 m depth) closeto ariver mouth (0.03
colonies/m?), and isolated colonies were identified in a deep (32 m) Nemenzophyllia patch outside of the transect area
(Table 6). Thetaxon was not observed in two grass beds examined during this survey where they were reported to usto
occur commonly. The entire areawas surveyed by mantatow, with no additional coloniesfound. Based on therare
occurrence of thistaxon, and the small amount of habitat occupied (primarily areas affected by river discharge), no more
than 10,400 colonies remain in nearshore or inner habitats. Based on an annual quota of 10,000, over 95% of the
population would be removed in oneyear (Table 7). However, according to collectors, most of the collection for
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Table 5. Harvest quota established by the CITES Management and Scientific Authorities of Indonesia.
Data are presented for 1998-2001, including the quota allocated to Sulawes Selatan (Sulsel) province and
the total number of provinces where collection is allowed. In 1998 a single quota was provided for all
species within each genera; quotas for individual species werefirst allocated in 1999. * Wellsophyllia has
been included under Trachyphyllia.
2001 No. of 2000 1999 1998

Y ear Total Sulsel provinces
Catalaphyllia
jardinei 10,000 (17.9%) 8 65,000 75,000 99,750
Euphyllia spp. 135,000 22,000 (16.3%) 9 140,000 140,000 138,000

E. divisa 0 0 0 0 80,000 -

E. ancora 40,000 6,000 (15.0%) 9 40,000 0 -

E. glabrescens 40,000 7,000 (17.5%) 9 40,000 60,000 -

E. cristata 55,000 9,000 (16.4%) 9 60,000 0 -
Blastomussa spp. 6,000 2,500 (41.7%) 7 8,000 9,000 9,500

B. wellsi 0 0 0 8,000 9,000 -

B. merleti 6,000 2,500 (41.7%) 7 0 0 -
Plerogyra spp. 36,000 6,000 (16.7%) 9 35,000 40,000 50,000

P. simplex 0 0 0 0 40,000

P. sinuosa 36,000 6,000 (16.7%) 9 35,000 0
Nemenzophyllia 15,000 3,000 (20%) 8 18,000 20,000 20,000
turbida
Trachyphyllia 85,000 11,000 (13.8%) 9 90,000 99,000 80,000
geoffroyi*
Cynarina 10,000 2,500 (25.0%) 8 10,000 11,000 8,000
lacrymalis
Hydnophora spp. 22,000 4,000 (18.2%) 9 22,500 21,600 17,500

Catalaphyllia in the Spermonde Archipelago is now in more remote, offshore locations, approximately aone day boat trip
from Makassar. It ispossible that this coral was once common in nearshore soft bottom habitats and on the patch reefs
we examined, but it has been overexploited.

g. Cynarina lacrymalis

Cynarina is a monospecific genus recognized by Cairns (1999) and Veron (2000). It wasfound attached to hard sub-
strates on the reef dlope from 15-20 m depth, and on a deeper (25-30 m depth) offshore reef, and also wasfree-livingin
deep (30-35 m) soft bottom habitats. The taxon was observed in the middle section and was absent from the nearshore
and inner sections. It wasextremely rare (atotal of 8 individual swere observed) and 80% weretoo small for harvest (1-3
cm diameter). Based on densities ranging from 0to 0.1 individual s per square meter, an estimated 9,600 col onies occur on
submerged patch reefs, and 22,400 colonies occur on fringing reefs (table 6). Inaddition, up to 134,000 colonies may be
found throughout the deeper algal flatsin the middle section. However, this may be an overestimate, as 3 colonies
occurred along a single 30 m transect and none were observed in the second transect or the surrounding area. Assuming
that amaximum of 166,000 col onies occur within the Spermonde Archipel ago, and 30% are too small to harvest, 116,200
areavailable. Thus, the annual harvest amountsto 2.2% of the available resource (Table 7).
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Table 6. Density (number per square meter) of the 7 suspended coral taxaidentified within transect areasin the
Spermonde Archipelago. Species listed are asfollows: E.g. = E. glabrescens; E. a. = E. ancora; E.d. = E. divisa; Plero=
Plerogyra, all species; Hydno= Hydnophora all species; Trach=T. geofforyi; Cat= C. jardinei; Blast= Blastomussa
wellg, all speciesand Cy= C. lacrymalis. * Only surveyed reef for one taxon, Catalalphyllia jardinei.

Site area E.g. Ea E.d. Plee0 Hydno  Trach Ca Blast Cy
PuluaBalanglompo 90 m? 0.74 020 O 0.07 0.02 0 0 0 0
Kudingarengkeke 65 n’ 0.79 034 017 0.6 0.08 002 O 0.05 0.02
P. Kuricaddi #2 100 n? 0 001 O 0 0 0.2 003 O 0

P. Kuricaddi #1 160 n’ 0.03 0 0 0 0.1 04 0 0 0
Bone Mdonjo SE 30n? 0 0 003 O 0 0.1 0 0 0.05
BoneLola 90 v’ 12 012 O 0.19 0.13 002 O 0 0
Bone Malonjo #2 60 v’ 0 0 0 0.02 0.07 007 O 002 0.02
Samalona 90 n? 0.05 025 O 0.03 0.23 0 0 0 0.07
Barangcaddi 90 n¥ 0.01 002 O 0.07 0.14 0 0 0 0

P. Balanglompo* 600 11 i i ) i ) i 005 - )

h. Hydnophora

Thereare six species of Hydnophora recognized by Cairns (1999) and Veron (2000). Two specieswereidentified at alow
abundance (atotal of 46 colonieswere observed), but thistaxawas identified on all submerged and fringing reefs
examined at amean density of 0.1 coloniesper sq. m (Table 6). Assuming atotal reef areaof 1760 sq. km, an estimated
176,000 colonies occur in Spermonde Archipelago.

Coloniesranged in sizefrom 4-105 cm and had amean size of 18 cm. About 80% of the population iswithin the allowable
sizefor harvest (5-25 cmin diameter), with 2% smaller than 5 cm and 18% larger. Thus 140,800 coloniesare availablefor
collection. With an annual quota of 4,000 collectors may remove 2.8% of the available population each year (Table 7).

Table 7. Estimated abundance of each taxa and potential amount of harvest in the Spermonde Archipelago, South

Sulawesi. Density estimates are the number of colonies observed within the preferred habitats for each taxa (mean

value obtained by pooling data from similar habitat types); for species that occurred in multiple habitat types, values

are presented for each habitat. The total percent of colonies within the size range preferred by collectorsisindicated

asthe percent of stock available. *** the quotais actually for B. merleti, but only B. wellsi was observed on the

reefs examined and also at the holding facility.

Coradl Density Area Total no. % of stock Quotafor % of harvest
(#m?) (km?) avalable Sulsdl

B. wells 0.05 160 8,000 100% 2,500*** 31.0%

B. merleti 0 0

C.jardine 0.03-0.05 260 10,400 100% 10,000 96.2%

C. lacrymalis 0-0.1 6,240 166,000 70% 2,500 2.2%

E. ancora 0.1-0.2 1,760 750,000 85% 6,000 0.9%

E. cristata 0-0.01 1,760 10,000 85% 7,000 90.0%

E. divisa 0-0.17 1,760 72,000 85% 0 77

E. glabrescens 0.03-0.9 1,760 900,000 85% 9,000 0.9%

Hydnophora 0.1 1,760 176,000 80% 4,000 2.8%

N. turbida 5.0 160 800,000 100% 3,000 0.4%

Plerogyra 0.08-0.19 1,760 227,000 63% 6,000 4.2%

T. geoffroyi 0.1-0.28 4,740 627,000 83% 11,000 1.9%
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Fig. 4. Size frequency distribution of Euphyllia on reefs in the Spermonde Archipelago.
A. Comparison of the maximum colony diameter and the number of polyps. B. Proportion
of the population in each size class. Coloniesranged in size from <5 cm to 330 cm.
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Discussion:

Reef condition: Thereis considerable historic dataavailable for the coral reefs of the Spermonde Archipelago, including
information on live cover and species diversity. The Spermonde Archipelago is regarded as one of the most diverse coral
areasin Indonesia, and some areas on the outer reefs have 70-100% coral cover (COREMAP, 1996). However, coral cover
issignificantly less on reefs closer to the mainland of Sulawesi, and repeat surveys conducted in the same area suggest
progressively degraded. For instance, recent surveysof areef near Baranglompo (Bone Batang), 15.2 km from Makassar,
reported adeclinein cover from 46.5% in 1996 to 42%in 1998. Another study reported acover of 74.4% at Kapoposan (at
the edge of the shelf in aprotected ared), 54.2% at 3 m depth in Baranglompo, 47% at Samal ona and the lowest cover
(18.2%) near the harbor of Makassar (Edinger et al., 2000). In addition to threats posed by land-based pollution from
Makassar, destructive fishing islikely to be the greatest threat affecting these reefs, with an estimated 40% of the income
inthe Spermonde Archipelago coming from bomb and cyanidefishing (COREMAR, 1996).
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In the areas examined during this study, coral cover and diversity was high and corals were generally in excellent
condition. Areas affected by blastfishing were identified, but these were primarily in shallow water. In most locations
commercially important fish appeared to be largely absent, including groupers, snappers, cod, and humphead wrasse.
Alsoinlow numberswere many of the smaller reef fish targeted for the aquarium trade. Reefs did not appear to be
negatively affected by macroal gae and there was a high number of coral recruits. In general, reefs were dominated by
small to medium-sized corals and very few large colonies were observed. Species composition differed most notably
between fringing reefs and submerged patch reefs, especially with respect to branching pocilloporids and acroporids
which werelargely absent from patch reef communitiesexamined. Inaddition, unusual and/or uncommon coralswere
observed in deeper soft bottom communities, including Nemenzophyllia, Trachyphyllia, Catalaphyllia and an
undescribed species of Lobophyllia.

Potential problems arising from collection: The collection of corals for ornamental purposes is often selective in nature.
In most situations, it islikely that afew individuals of a species will not be collected because they are not the preferred
color morph, shape, or size, or they have experienced partial mortality, and these may serve as a future source of
reproductive propagules to rebuild populations. Thisis evident in nearshore soft-bottom locations of Spermonde, where
Trachyphyllia was relatively abundant, but colonies were not particularly colorful. However, selective harvest of certain
preferred species may lead to localized extinctions, especially if the targeted coral has a patchy distribution or occurs at a
low abundance. Some preferred taxa occurred in isolated patches (e.g. Nemenzophyllia) that did not cover alarge area;
the potential for recovery may be reduced following intensive collection, because these corals are found in deep water
environments where current patterns may be unfavorable for recruitment from other reefs. In addition, many taxasuch as
Cynarina were found at a very low abundance, and further removal may affect subsequent reproductive potential, as
corals are sessile organisms that broadcast their gametes into the water column, and they may need to occur at a certain
density to ensure successful fertilization. Also, very little known about reproductive strategies/life history of the coralsin
guestion here.

In coral exporting countries such as Fiji, the Solomon Islands and Vietnam alarge percentage of the coral consists of
branching species collected primarily on reef flatsin shallow water. These types of coral tend to be the dominant corals
found on Pacific reefs, and they are fast growing, and exhibit high rates of recruitment and asexual spread. Thesetaxa
wereidentified at high abundance on fringing reefslocated mid-shelf in the Spermonde Archipelago, but were notably
absent from patch reefsin inner and nearshore locations. Despite demand for the corals in importing nations and their
abundance in Indonesian waters, they do not appear to be a prime target of collectorsin Spermonde as the quotais very
low and they were not observed at the holding facility. Infact, the bulk of corals exported from Indonesia are either
massive species, species with large fleshy polyps, or other corals that are generally presumed to have slower growth rates
and areless common. Most notable are the 7 taxa for which importsinto the EU have been suspended, which appeared to
be the dominant component of the trade from the Spermonde Archipelago.

Quota setting. The quotafor coral harvest is currently established using available information on reef accretion rates,
rates of coral growth, condition of reefsfrom siteswhere monitoring has occurred, and estimates of reef area. Initialy, a
total quotawas established at 1,000,000 col onies between 15-25 cm diameter, which represented 0.00035% of the total

coral reef areain good to excellent condition. The quota was based on the assumption that reef accretion ranges from 1 to
1.5 cm per year, growth rates are from 2.5-30 cm per year and harvest occurs only on about 30% of thereefsin Indonesia,
specifically those in good to excellent condition (Suharsono,1999). The quotais subdivided among individual taxa (to the
specieslevel, or in some cases to genus) for each of 10 provinces.

Indonesia represents the only country that has developed a quota for the trade of corals, and claims to be harvesting
corals based on sustainable utilization principles devel oped by the Indonesian government. However, several potential
problems with this quota were identified during this study. First, the quota was determined using an estimate of total reef
areafor reefsin good to excellent condition, but collection typically occursin reefs and other environments that are not
dived by tourists, and in many cases represent turbid areas that are in moderate to poor condition due to anthropogenic
stresses. In addition, two of the dominant taxa exported from Indonesia (Trachyphyllia and Catalaphyllia) are not
collected from reef environments; they are collected from soft-bottom habitats. Second, the quotaisloosely based on
limited information avail able on the biology of the target species and their distribution and abundance in Indonesia. In
genera, thereisalack of scientific information on the basic biology of these species, and very few reef surveys have
been conducted in collection areas that would provide the information needed to verify the established quota. This
preliminary assessment of coral abundance and popul ation demography for the Spermonde Archipelago identified several
taxawhich arerelatively rare, and their abundance appears to be significantly lower than the quotawould dictate.
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An analysis of the available CITES data and the quota allocated by the CITES Authorities of Indonesiaillustrates several
other potential problemswith coralsin trade from Indonesia. Perhaps most notable is the discrepancy between export and
import data. In some cases export data suggests that Indonesiaistrading in corals at levels higher than those permitted
by the quota. However, permits often list the total amount of coral that can be exported, and this may be considerably
higher than the actual volume contained in the shipment. In addition, the 2001 quotaissued by Indonesiadiffersin
several respects from that published on the CITES web site. On the CITES website, severa species recognized by
Indonesia (and in some cases by coral taxonomists) have been omitted, including W. radiata and N. turbida, and some
taxa are listed at lower numbers than those provided by Indonesia. In addition, some of the species currently under trade
suspension in the EU were not listed on the quotain 2000 and 2001, but were presumably in trade and were observed at
the holding facility. ThisincludesE. divisa and P. smplex. The quota established for some taxawas modified in 2000 or
2001, which resulted in the removal of some of the species of concernin the EU, but these were replaced with closely
related species in the same genera not previously listed in the quota (e.g. E. divisa is no longer listed, but has been
replaced by E. cristata and E. ancora; P. simplex has been replaced by P. sinuosa; a quota was established only for B.
merleti in 1999 and only B. wellsi in 2000 and 2001, even though B. wellsi is not reported to occur in Indonesia). Finally,
the quotafor several species under the EU trade suspension was reduced in 2000 and/or 2001 to levels bel ow the 1999
guota, but it isunclear whether thisis because those taxa have become more difficult to find, the demand has declined,
the 1999 quota was found to be unsustainable, or it was in response to the EU trade suspension.

Determination of a sustainable quota: A quotais one mechanism for ensuring that a resource is utilized sustainably, but
it must be based on science. The quota should reflect the total amount of each taxon coming out of the water, and not the
amount of coral that is exported, as this does not reflect the numbers that died during collection and subsequent han-
dling. In addition, the quota should be established for each geographic collection area, based on the condition of the
reef, the abundance of the targeted coral, the extent of other reef uses, and impacts from natural and anthropogenic
disturbances that may affect survival of targeted taxa. The quota must also take into account life history strategies, such
as rates of growth, recruitment rates, and population demography. Various quantitative data, such as the abundance, size
frequency distribution, growth rates, mortality and recruitment, in combination with the total area occupied by atargeted
species and the area under collection pressure, can provide an initial estimate of the potential yield of each taxa under
different levelsof collection.

A classical fisheries model was modified for precious corals by Grigg (1984) and was also applied to stony coralsto
estimate the maximum sustainabl e yield for Pocill opora verrucosa in the Philippines (Ross, 1984). Thismodel involved a
calculation of the biomass that could be harvested, based on an assessment of the standing crop in the harvested area,
the growth rate, and the instantaneous rate of recruitment and natural mortality. For sustainable harvest, the model
requiresthat the corals obtain aminimum size (age) to allow for reproduction, which in the case of Pocillopora was
estimated to be 18 cm (6 years). Thistype of model may be suitable for branching corals, especially those harvested for
curios, asthese taxaare generally harvested at alarge size. However, it may not be applicable to the bulk of corals
collected in Indonesia, as branching taxamake up avery small portion overall. Inaddition, the average size of most
corals collected in the Spermonde Archipelago for aquarium displays, as measured in this study, were considerably
smallerin size, and may be pre-reproductive.

Asafirst step in developing a model applicable to Indonesia, we assessed the abundance and diameter of stony corals
identified along transects, cal culated the maximum area occupied by each taxa, and estimated the total number of colonies
found within the Spermonde Archipelago. By comparing the estimated abundance to the maximum allowable harvest (as
set by the quota for this province), collectors were estimated to remove from <1% of the resource to up to 96% depending
on the taxa. Based on an analysis of the taxa under EU suspension, the quota for Blastomussa, Euphyllia cristata and
Catalaphyllia jardinel appears to be too high, as these corals were particularly rare.  Unless large beds of these occur
within this Archipelago that were not identified in the surveys, it is recommended that no collection for these species
occurs. Other taxa, including Hydnophora spp., Cynarina lacrymalis, Trachyphyllia geoffroyi and Plerogyra spp. are
being collected at relatively high numbersrelative to their abundance and it may be advisable to lower the
guotauntil additional surveysare conducted that provide moreinformation on their distribution and abundance.
In contrast, E. glabrescens and E. divisa appear to be much more abundant than previously reported, and the
collection of these species at present levelsislikely to be sustainable. Nemenzophyllia turbida was aso
extremely abundant in the two deep water habitats identified in this survey. However, because N. turbida
was found in avery specific deep-water soft bottom habitat, additional surveys need to be undertaken to verify
that more than two N. turbida patches occur in theinner belt of Spermonde and monitoring of the
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two known N. turbida areas should be completed on an annual basis to ensure that these assemblages are not being
overexploited. Inaddition, overexploitation of individual patchesisvery likely, as 1) the patcheswererelatively small;
and 2) Nemenzophyllia was highly aggregated in some parts of individual patches, and was absent from other parts of
the patch, even though both areas contained similar numbers of co-occuring genera.

Finally, it isrecommended that amore detailed analysis of the aerial coverage of different habitat typesin Spermonde
Archipelago, and the distribution and abundance of targeted corals within these habitats be conducted. Many of the
species targeted in the coral fishery in Indonesia appear to have a patchy distribution and the collectors tend to target
particular habitats or reefsto obtain a certain coral. Thus, it is possible that collectors may continue to harvest one
speciesfrom an individual area until it becomes so rare that collection effort far exceeds the value of the coral. Upon
identification of specific collection areas that contain certain targeted corals that do not have a widespread distribution
(such as the small Nemenzophyllia patches observed in Spermonde), these areas must be monitored on an annual basis
to ensure that collectors only remove a portion of the population. If the population declines below some level (which
will differ for each taxa based on itsbiology and abundance), it isimperative that the arearemain off limitsto collection
until the taxa recoversto itsformer abundance.
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Conclusion: Sustainable Management Guidelines for Stony Coral Fisheries
Andrew W. Bruckner

Introduction

Coral reef ecosystems occur in over 100 countries worldwide, most of which are developing countries whose
peoples are dependent on reefs as the basis of their livelihood. Coral reefs are renowned for their high diversity and
productivity, and they provideimportant sources of food, jobs, chemicals, medicines, revenue from tourism and fishing,
and shoreline protection against tropical storms. Despite numerous economic and environmental benefits, reefs are being
destroyed at an alarming rate from increasing human impacts precipitated by population growth, urbanization and
industrialization. As human populations continue to expand in coastal areas, increasing pressure is placed on coral reefs
to supply agrowing local and international demand for food, ornamental organisms, and traditional medicines (Bruckner
2000). Because of their high value in international trade, many species are being collected at unsustainable rates and
fishers often use destructive fishing practices. While the harvest of stony corals for international trade may seem to
represent asmall issue in terms of global volume, it can be apotentially significant extractive use at alocalized scale.
Coral fishers may cause considerable habitat damage, including breakage of undesirable corals and generation of rubble.
Also, many of the most popular aquarium corals are uncommon, have a patchy distribution, exhibit slow growth, and are
characterized by dlow rates of annual recruitment and adult mortality, making them vulnerabl e to overexploitation and
localized extinctions (Ross 1984). Repercussions of an unsustainable coral fishery may extend beyond the target species,
affecting the diversity and abundance of associated invertebrates and fish, and possibly triggering overgrowth of benthic
habitats by macroalgae. These changes may cause any socio-economic benefits associated with the coral fishery to
sharply decline or be lost altogether.

Stony coral resour ces

Stony corals are the major reef framework constructorsin tropical and sub-tropical environments. They provide
topographic complexity, critical habitat, refuge, and feeding grounds for thousands of fish and invertebrates, including
many commercially important species. Corals of commercial value can be dividedinto five groups: stony coral's, semi-
precious corals (black coral), precious corals (pink, gold and bamboo corals), shallow-water gorgonians, and alcyonar-
ians. This paper focuses on stony corals, including all taxain the order Scleractinia, organ pipe coral (Tubipora musica),
blue coral (Heliopora coerulea), fire coral (Millepora spp.) and lace corals (Stylaster spp. and Distichopora spp.). All of
the species under consideration are listed on Appendix |1 of the Convention on Trade in Endangered Species of Wild
Faunaand Flora(CITES). These speciescan beininternational trade, provided that the collection islegal, the exporting
country determines that the trade is not detrimental to the survival of the speciesin the wild and its role in the ecosystem,
and shipments contain appropriate CITES permits issued by the exporting country.

Domestic useof coral

Stony coralsare mined from reefsin East Africa, Fiji, India, Indonesia, Maaysia, Maldives, the Philippines, Sri
Lanka, Vietnam and other countriesfor usein road construction, buildings, jetties, seawalls, land reclamation, and asa
source of limefor soil improvement, cement, ceramics, and the betel nut industry. Corals mined from construction include
generawith dense calcium carbonate skeletons, especially Porites, Goniastrea, Platygyra, Acropora and Favia, with
limited collection of afew other speciesthat coexist on shallow reef flats (Bentley 1998; Brown and Dunne 1988). The
worldwidevolume of coral extracted for construction materialsisdifficult to estimate, but in Bali, Indonesiaaloneit
amounted to 150,000 cubic meters during the 1970s and 1980s (Bentley 1998). In most countries coral isalso collected for
local curio, souvenir and aquariamarkets. Collection for local markets may be widespread and involve ahigh diversity of
species, but it accounts for arelatively small proportion of the total coral harvest.

Coralsininternational trade

Corals are harvested to supply international markets with souvenirs and curios, animals for home and public
aquarium displays, jewelry, carvings, human bone replacement, traditional medicines, and biomedical purposes. A small
component of thetradeisalso for scientific research and to supply captive-breeding facilities. Over 95% of all stony coral
intrade originatesin the Indo-Pacific (Green and Shirley 1999). Indonesiaiscurrently the largest exporter of live coral
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followed by Fiji, with smaller amountsfrom Vietnam, Solomon I slands, Vanuatu, Tonga, and the Marshall Islands. Dead
coral iscurrently supplied mainly by Fiji and Vietnam, although anumber of other countries have supplied coral for curio
markets over thelast decade. The United States has consistently imported 60-80% of al live coral, 95% of the liverock,
and more than half of the curio coral (Bruckner 2001). Imports of stony coralsto the United States alone averaged about
$1.0million annually from 1975-1980 (Wells 1981). By 1997 exporting nations generated about $5 million from the coral
trade, with aretail value of $50 million (Green and Shirley 1999).Coralsfor use as curios and souvenirsconsist of a
relatively small number of generawith ornate skeletal structures. The preferred taxainclude branching corals such as
Acropora, Pacillopora and Stylophora, mushroom corals (Fungia spp.), and two octocorals, Heliopora and Tubipora.
Coloniesareremoved when aive, and may be up to one meter or morein diameter. They are collected primarily in shallow
water by snorkeling or wading, using ahammer and small chisel for small coloniesand long iron barsfor large colonies.
Specimens are bleached, cleaned and dried prior to export, and some may be dyed. They are sold intact asraw coral
skeletons or are manufactured into carvings, jewelry, inlaysfor picture frames, furniture and other items. CITEStrade
recordsfrom 1985-1997 indicate that over 900,000 kg and 16 million itemsof coral (coral skeletons) werein international
trade (Bruckner 2001). Thetradein skeletonsremained fairly constant between 1993-1998, but volumes have increased
substantially due to a growing trade from Vietnam and other |ocations. Corals harvested for curios are a non-perishable
product that can be taken from remote locations and transported to export facilities without time constraints.

Coral intrade aslive specimens for aguarium displays consist of over 50 generawith branching, massive and
plating morphol ogies, most of which aretraded at asmall size (5-15 cm). Thefive most common taxainthelivetradein
order of importance are Euphyllia, Goniopora, Trachyphyllia, Catalaphyllia, and Acropora; with the exception of
Acropora spp., al of these coralswere much lesscommon in thetrade prior to 1990 (Bruckner 2001). Thevolume of trade
inlivecoral hasincreased sharply inthelast decade, from about 50,000 coloniesin 1989 to nearly 800,000 coloniesin 1999.
Collectioniscarried out by local fishers operating out of small boats, who free dive or use surface-supplied air (i.e.
hookah apparatus). Colonies are removed from depths of up to 50 m, in reef environments and soft-bottom communities.
A small number of speciesare also collected on shallow reef flats by wading. Because only certain coral sizesand colors
are preferred, fishers often cover large areas of reef or other habitats to obtain the desired animals. The harvest is highly
selective, and particular environments are often targeted for single species (Bruckner 2001b). Areas of collection are
generally limited to thoselocated relatively near to airports or large holding facilitiesto maximize survivability.

Another component of the trade consists of material reported on CITES permits as Scleractinia which includes
liverock, reef substrate, and coral gravel. Liverock isany hard reef substrate (limestone skeletal material of algal or coral
origin) that supports an assemblage of living marine organisms, including corallinealgae. Liverock may be chipped from
the reef substrate in shallow water, or it may consist of |oose pieces of coral rubble collected from the reef crest or fore
reef environments. The product is exported with minimal preparation and cleaning, or it istransported to aholding facility
and cured through several washes to remove unsuitable organisms. Fiji has emerged as the world's largest supplier of
liverock, with exportsdoubling or tripling each year since 1993 (Bruckner 2001). A total global volumeof over 1.5million
kg of liverock wasin tradein 1999. Reef substrate consists of small (generally up to 5-10 cm diameter) pieces of reef rock
with an attached soft coral, colonial anemone or other benthic invertebrate. The organisms of value are the attached
invertebrates, but the underlying reef substrate must be removed to minimize damage to the target species. Trade in reef
substrate from all exporting countrieswas closeto 1 million piecesin 1999. Thisislikely toincreasein coming years, as
Indonesia established an annual export quota of 950,000 pieces of reef substrate in 2001, and they represent one of
several substrate exporting countries.

Potential environmental impactsof coral collection

There are over 650 zooxanthellate stony coral speciesfound on tropical and subtropical reefsworldwide. Corals
harvested for international trade constitute a fraction of the volume of coralsthat are mined for construction materials, but
collectioninvolvesamuch larger diversity of speciesand include taxawith awide variation in morphology, size and life
histories. Unsustainable coral harvest to supply international markets can contribute to changes in species composition
and abundance, and may lead to severe localized depletions. Breakage of corals during collection causes generation of
rubble that can cause further damage to surrounding coral's through abrasion, and rubble may inhibit coral recruitment
due to its unstable nature. In addition, coral collection may cause reductions of live coral cover and loss of rugosity, with
cascading impacts on reef fish abundance and diversity, including species utilized in artisanal and export fisheries (Dulvy
et al. 1995). While other factors (including coral mining) have resulted in much more significant losses of corals, extraction
of coralsfor international trade may magnify the impacts of other natural and anthropogenic stressors, and possibly
prevent recovery following unusual environmental disturbances. Some of the most common coralsin demand for the curio
trade are ornate, small-polyp (SPS) branching coralsthat grow rapidly (up to 20 cm per year), are widespread, and exhibit
high rates of recruitment. Even though most branching coralstargeted for curio collection in the Indo-Pacific are very
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successful colonizers,they are susceptible to breakage by wave action. In addition, these species are often the preferred
foods of corallivores such as Acanthaster sea stars and Drupella snails. Many shallow water reefs are dominated by
species utilized as curios, and these experienced widespread coral mortality during amajor bleaching event in 1998
(Wilkinson 2000). Furthermore, corals harvested for curio marketsaretypically sexually mature, and extensive collection
may have negative impacts on reproduction. Because collection primarily involves large colonies, the removal of these
corals may affect reef topography and available habitat for reef fishes and motile invertebrates. Nine of the ten most
popular live aguarium corals have amassive growth form, large colorful polypsand prominent tentacles (L PS). Many of
these are uncommon or patchily distributed, and may grow slowly (<1 cm per year), but colonies often achieve alarge size
and can persist for centuries. Thelive trade is dominated by coloniesthat are fairly small in size, and non-reproductive.
Collection pressure that targets juvenile long-lived corals may lead to growth overfishing, which is of particular concern
for LPS coralsthat recruit infrequently but have alow rate of natural mortality. In addition, many of these speciesoccur in
deep, turbid environments. |If these areas are denuded of coral due to intense collection pressure, recruitment from other
reefsmay not occur if currents are unfavorable, resulting ultimately in areef with low coral cover and diversity.

Coralsliving in shallow, exposed environments are often fractured or dislodged during storms, and some
colonies may die asaresult of disease, predation or other factors. Coral skeletons are rapidly colonized by algae and
encrusting invertebrates and become incorporated into the reef substrate. This substrate is essential for the reef because
it provides asite for future settlement and attachment of reef-building corals and other benthic organisms crucial for
continued reef growth. It also providesimportant habitat for fish and motile invertebrates, and it contributes to the
structure and total biomass of reefs. Thismaterial is collected and sold asliverock. Itsremoval resultsin the net loss of
substrate that requires decades to centuries or longer to replace. In addition, many commensal (symbiotic), sessile
organisms essential for the health of the reef are removed along with the rock (Maragos 1992). Intensive harvest of live
rock from one location may lead to increased erosion and flooding of coastal areas. Reef degradation is of particular
concern to low islands like Tongathat are most affected by rising sealevel.

Benefitsand justification for thecoral fishery

Some stony corals represent a valuable renewable resource. Corals have been highly valued asraw material for
construction and for ornamental uses since antiquity, with the first uses dating back to 25,000 B.C. (Grigg 1989). In
addition to significant cultural and economic values, a sustainably managed coral fishery can serve asatool to promote
local coral reef conservation and increase worl dwide awareness of the importance of reef ecosystems.

The coral fishery is currently difficult to manage in a sustainable manner due to conflicting destructive uses such
as coral mining and blast fishing, increased non-extractive human impacts, and limited information on speciesin trade and
the status of the resource. However, with proper management practicesit is possible to sustainably harvest some species
of curio and aguarium corals. Because many of the species targeted for curios are predominantly harvested from shallow
water, deep-water popul ations may serve as arefugia and a source for replenishment for some of these species (Lovell
2001). In areaswhere spaceislimiting, removal of dominant, fast growing branching coralsmay increase cora diversity
through creation of additional space and reduced competition (Ross 1984).

Existing management measures

In an attempt to protect coral reef resources, anumber of countries have implemented severe restrictions on coral
harvest. At one extreme, this involves a complete prohibition on collection, sale and export of coral, such asthat
implemented in the Philippines since the late 1970s in response to catastrophic losses of live coral from destructive
fishing, overharvesting, and other impacts (Mulliken and Nash 1993). M ozambique temporarily closed their fishery to
allow recovery following asevere bleaching event in 1998, with areevaluation of thefishery slated for 2002. Commercial
harvest of stony corals has also been prohibited in most federal, state and territorial watersin the United States dueto
their pivotal ecological role and importance as essential fish habitat.

Importing countries can also take broader measures to address unsustainable trade in wildlife listed under
CITES. For instance, the European Union allows coral imports from most countries, but they have prohibited the import
of particular species from Indonesia because they feel the export quotas do not reflect sustainable harvest based on the
known distribution and abundance of those species.

Prohibitions on coral harvest may be appropriate for some locations, for certain vulnerable species, to protect
ecosystem biodiversity or function, or to allow recovery following an unusual disturbance event. However, the closure of
established coral fisheries based solely on political interests and not sound science may have severe negative
implications for devel oping countries dependent on these resources. Closure may result in anincreaseinillegal commerce
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in stony corals. In addition, individuals whose livelihood depends on revenue generated from the coral fishery may resort
to more destructive practices, including blast fishing for subsistence or cyanide fishing to supply the live reef food fish
trade.

Due to the high number of species and low population numbers of most reef species, avery precautionary
approach to extractive use must be taken. The fishery could be managed through the development of policies which allow
operation of the industry in a competitive environment, while promoting a sound emphasis on sustainability of the
resource and other fisheriesresourcesthat arelikely to beimpacted (Lovell 2001). Effective management measures must
be carefully considered to provide the best protection for the cost, and ensure that implementation of some practices will
not create new ecological stress. Solutions to achieve sustainable management can be implemented through local
management actionsin concert with national and regional agreements and international policies. To ensure compliance by
the coral fishers, management plans should be devel oped through consultation with all user groups. To ensure that coral
resources and the habitats they come from are conserved and managed, different aspects must be considered.
Thefollowing recommendations were largely developed from discussions at the International Coral Trade Workshop
(NMFS2001), with exampl es of existing management approachesin Indonesia, Australiaand the United States. | have
also included my own recommendations based upon independent coral reef studies, discussions with other scientists,
and best management practicesfrom other coral reef fisheries. Recommendationsinclude:

Provisionsfor licensing, training and certifying fishers; limiting entry into the fishery; and specificationsfor

reporting, compiling and analyzing fishery data.

Setting limits on the volume, size and taxa of corals collected.

Establishment of defined collection sites for individual collectors and cooperatives and no-take areas that

include the same type of habitats utilized by collectors.

Rotation of collection sites and introduction of closed seasons or periods.

Use of acceptable gear and collection methods.

Assessments and monitoring of collection sites and control sites to evaluate the status of the resource and

harvest impacts.

Responsibilitiesand requirements of collectors, middlemen, and exporters.

Sustainabl e financing schemes to ensure sufficient funds are recovered from license, collection and export fees

to pay for effective management and monitoring.

K ey considerationsfor sustainable management

A sustainable management approach for the coral fishery requiresthat 1) the resource is harvested in such away
that it is protected from overexploitation; 2) collection is ecologically sustainable; 3) damage to associated speciesis
minimal; and 4) the structure and function of the reefs are not altered. Of critical importance, collectors must preserve the
ecological integrity of reefswhen removing coral, not smply the physical reef structure (Dustan 1999). Once the upper
ecological and sustainable limits of removal are determined from sound science and monitoring, the allocations, rightsand
responsibilities of collectors and exporters should be addressed. Effective management will maximize social and economic
benefits, within these ecological limits, to promote equitable sharing of benefits arising from utilization of the resources.

An ecosystem-based management approach that promotes conservation and sustainable use is the most
effective strategy for integrated management of marine environments and the living resources within those environments.
Management is based on the application of scientific methods that focus on the structure, processes, functions and
interactions among organisms and their environment, and the role that humans play in these processes. Unlike traditional,
single species fisheries management that strivesto maximize yields of atarget species, this approach seeksto minimize
impacts to the ecosystem while maintaining ecological sustainability, and thus ensuring economic sustainability.
Consideration must be given to the harvested species and all uses and impacts that may affect those species, as well as
the effect that collection has on associated species, habitat structure and habitat quality.

Unfortunately, much of the information needed to make appropriate decisionsfor effective management of acoral
fishery at an ecosystem level is currently unavailable. Monitoring of coral collection sitesisvirtually non-existent, and
baseline assessments have been completed in few sites. Many of the preferred target species for aguaria may be locally
abundant but patchily distributed. Also, the favored habitat for these speciesis deep, turbid water (10-40 m depth),
further complicating the ability to obtain distributional data. In addition to the absence of detailed information on the
population dynamics and habitat requirements, we have an incomplete understanding of the biology of these species or
their ability to recover from collection or other impacts. Dueto these limitations, it iscritical that managers adopt a
precautionary approach until additional information, especially from quarterly takefiguresand regular monitoring, is
available to support increased sustainable take.
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Methodstoregulatethecoral fishery

To achieve a sustainable fishery, regulations should be adopted for all levels of the fishery, including: 1) defined activities
that can occur in the collection areas to ensure sustainable harvest; 2) activities that can be carried out by the commercial
fisher; and 3) requirements that will affect the person who buys the coral from the fisher. Management approaches may
vary among countries, depending on existing local and national regulations. For instance, marine tenure arrangementsin
Fiji, Solomon Idands, Vanuatu and Tongarecognize community ownership of marine resources. These communities may
have the ability to prevent non-community participation in the fishery, and also may be able to impose agreed standards
or protocols on community membersinvolved in the fishery. Inaddition to local and national requirements, regulations
must meet international standards of CITES mandated by the Appendix Il listing of stony corals. Without addressing all
components of the fishery, managers will not be able to provide adequate protection for the corals, associated species
and habitats, or ensure maximum long-term benefitsfor the community.

Balancing ecosystem needswith community objectives

Effective habitat management isacritical tool for asustainable stony coral fishery, with protective measures
established for coral reefs and associated habitats — sea grass beds, mangrove communities, lagoonal habitats, and deep
water soft-bottom communities utilized by certain high value coral species such as Trachyphyllia, Catalaphyllia and
Nemenzophyllia. An effective tool utilized in Australia and other countriesinvolves the zoning of benthic environments
for specific uses. Zoning measures include ecological areas or reserves where no collection is allowed, buffer zones
around these no-take marine protected areas (MPAS), and areas where specific activities can be undertaken. Coral
collection sites should be separate from areas subject to other uses such as fishing and recreational diving to reduce
conflicts among different users. Zoning can also minimize risk associated with other stresses by spatially separating
collection sites. The establishment of defined collection and no-take sites also allows managers and scientists to focus
their monitoring and research to specific areas, and to compare collection sites with areas that are undisturbed by
extractive uses. To increase capacity for compliance and enforcement, it isimportant to establish zones for specific uses
through consultation with all user groups.

I ntroduction of spatial and temporal closures

Sites closed to collection (no-take MPAS), rotation of collection sites, and short-term closures can be useful
toolsto promote effective management of stony coral fisheries. These measures may help prevent overexploitation, allow
recovery from over-use, and protect the stock at avulnerabletimein itslife history or from an unusual perturbation.

No-take reserves provide numerous benefits for coral reef ecosystems. For instance, they maintain biodiversity
and provide arefuge for vulnerable species, prevent habitat damage, facilitate recovery from catastrophic human and
natural disturbances, and provide undisturbed spawning grounds for fishery species. Reserves help maintain adult
breeding populations of fished species by allowing individualsto live longer, grow larger and produce more offspring. As
the number, density and biomass of individuals within areserve increases, spillover into adjacent fishing groundswill
occur through emigration and larval dispersal, thereby assisting in rebuilding depleted stocks and reestablishing a natural
ecosystem balance (Bohnsack et al. in press). The degree to which reserves are likely to enhance recruitment to fishing
grounds is equivalent to the fraction of the total biomass of a population which they contain (Roberts and Hawkins 2000).

The extent of recruitment from no-take reservesto collection sites is dependent on 1) the size of the reserve;

2) how close they are to collection sites; 3) population dynamics, density and life history of target coral populations
within thereserve; and 4) ability of recruitsto disperse to surrounding collection sites. For most commercially important
reef fish, fishery biologists recommended setting aside aminimum of 20-30% of representative coral reefs and associated
habitats as no-take reserves (Bohnsack et a. in press). For stony corals, no-take reserves should encompass a much
larger area, however, dueto their uniquelife histories, their sessile nature, and a high demand for rare or uncommon
species and juvenilelife stages. First, many of the LPS corals arelong-lived, slow growing and recruit sporadically, and
these will takelonger to become reestablished following collection. Second, corals are permanently fixed to the bottom
and successful spawning relies on high population densities. Individuals need to be sufficiently close that eggs and
sperm can fuse before the sperm lose their short-lived motility. In fished areas, many species of corals, especially those
that are uncommon, are likely to be much further apart than in reserves. Thus, asmall portion of the population biomass
that is densely packed within areserve can account for alarge proportion of the species’ reproduction, and the ability to
provide recruits that colonize sites open to collection. Most species targeted for aquaria are removed before they reach
the size of sexual maturity, which may lead to very little reproduction within collection sites. Asa precautionary approach,
at minimum 50% of all representative habitats should be set aside as no-take areas to ensure protection for a sufficient
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portion of thetotal stock that may contribute to the re-colonization in fished areas (Barbara Best pers. communication).

The concept of “rotation of collection sites” must be carefully examined scientifically and experimentally to determine

whether rotation is compatible with sustainable management. Rotation of collection sites can reduce pressure on a

particular area, minimize habitat damage, and allow agreater number of coralsto mature and reproduce before being

removed from the population. However, if collection in one areaistruly sustainable for the long-term, that area should
continue to provide the target species at the established level indefinitely without the need for rotation.

» |f acollection site must be rotated so that it can “recover” from overexploitation or degradation due to collection,
collection has exceeded sustainable take and the role of collected species in the ecosystem has been diminished.

»  Cycling collection areas between periods of exploitation and recovery may disrupt natural succession processes. In
particular, rotation may favor those species which are more opportunistic colonizers (i.e. species that take advantage
of reef patches opened up by collection) or “weedy” specieswhich are more rapid growers.

»  The concept of rotation may undermine marine tenure rights and responsibilities. Rights-based fisheries, along with
concomitant responsibilities, isthe best maotivator for an individual or cooperative to strive for sustainable manage-
ment and long-term use of aresource. If individuals or coops are allowed to rotate out of an areainto anew area, that
motivationislost. Particularly over ashort time-frame, an areamay be overexploited and the collectorswill be
allowed to move on without any consequences nor responsihility for their actions.

Resource managers must also consider collection pressure and other impacts that affect coral resources when
establishing collection sites and limits on collection within these sites. Temporary closures of collection sites before,
during, or shortly after annual mass spawning events may enhance recruitment success. Managers should also have the
authority to temporarily close a site zoned for collection in response to natural or anthropogenic disturbances that affects
the harvested resource. For instance, collectors should avoid areas that have been impacted by a bleaching event, a
crown-of-thorns (Acanthaster) sea star outbreak, or disease epizootic to allow recovery of that area. Collectors may also
need to restrict collection activities during unusual environmental events, such as an El Nifio (ENSO) event that is
associated with unusually high sea water temperatures, as coral health may be compromised and corals are unable to
survive additional stresses associated with collection and handling. Such closures may last for years, with associated
displacement of acommunity’sfishery.

Coral fishery participants

In many countries, the number of people participating in the coral fishery are not identified, licensed or limited in
any way. Licensing of collectorsis paramount and should include alimitation on the number of fishery participants and
the amount of coral that can be collected by each fisher. The number of people that the coral fishery can support is also
dependent on socio-economic and cultural requirements of the collectors and dependent communities.

Theideal situation for astony coral fishery is one that allows only one collector or a cooperative in each area
that is zoned for collection. This rights/responsibility-base approach offers the greatest incentive for sustainable use, as
individual collectorswould be responsible for maintaining hisor her collection site.

For each new entry into the fishery, management agencies must develop and provide detailed information to
fishers on the regulations for harvesting corals, including:

Mapsillustrating demarcated areas for coral collection and areas closed to harvesting.

A list of approved speciesthat can be collected from each collection site. If aspeciesis not on the approved list

for management and monitoring, it can not be collected.

Size limits and quotas for each approved taxon in that site.

Techniquesto minimizeinjury and mortality of target coralsduring collection.

Detailed reporting requirements of fishers.

Safety standards for divers and reporting on diver health.

Guidancefor deter mining sustainableharvest level

The amount of coral that can be removed from a site must be based on the carrying capacity of the ecosystem,
while the decision to establish collection sites and the allocation of those sites depends upon the social objectives of the
community. Given current limitations, allowablelevels of take should be precautionary until scientific databecomes
available that supports increased sustainable collection. A precautionary approach may include a*“freezing” harvest
levels at some average value of export for the last several years while monitoring programs are devel oped. An estimate of
sustainableyield requires an examination of each collection area, the taxatargeted in the area, and available life-history
information on those taxa (Table 2). The devel opment of a database that compiles research and field monitoring data, and
fishery dependent statistics such as catch, effort and location, will facilitate this process.
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Table 1. Consequences of unsustainable coral and live rock collection practices

I mpact Description
Effect on target population Overexploitation, localized extinctions, and reduced recruitment.
Habitat impacts Reduced coral cover, diversity and rugosity.

Loss or destruction of habitat and decreased abundance, biomass
and diversity of reef fish, invertebrates and other species.

Ecosystem impacts Increased erosion of the reef structure, associated islands and
coastal environments, with increased flooding during storm surges.

Socioeconomic impacts Conflicts with other uses and user groups, including traditional and
cultural uses, fishing and tourism.

Development of species-based quotas

An approach often used to regulate wildlife trade involves a quota system that defines the maximum amount of
collection or maximum export level. 1n some cases, these quotas primarily reflect the demand for aspecies, and are
based only to alimited extent on the status of the resource or its sustainable yield. Quotas should reflect the amount of
sustainable harvest and not the amount of trade, with a separate quota developed for each site based on the abundance
and condition of each coral species, and the ecological sustainability of that site. Other considerations include 1) the
size classes within the target population, and the size classes being considered for harvesting; 2) the size of the
collection site, which should be small enough for reliable monitoring and management; and 3) the presence and
condition of neighboring, no-collection areas that may serve as a source for larval replenishment and as control sitesfor
monitoring. Because of the multi-species nature of the coral fishery, setting of non-specific quotas may increase
conservation problems as fishers are likely to concentrate on the high priced species, which are typically less common
and more likely to be overexploited. A separate quota must be developed for each species, determined from the coral’s
growth rate, rate of instantaneous mortality, recruitment success, and other life history parameters (Grigg 1984). Finally,
speciesthat are inappropriate for the trade, or for which there is no baseline assessment and no monitoring protocol and
data, should have a quota of zero. Inappropriate species 1) are rare or endangered in the proposed country or region of
collection; 2) have an important ecological role or provide habitat for other species; and 3) are difficult to maintainin

captivity.
Table 2. Preliminary assessment for development of a sustainable stony coral fishery

Infor mation needs Management Consider ations

Type of coral utilized by the Target species, growth form and size.

fishery

Life history of target species Growth rates, rate of natural mortality, recruitment rates, size class at
maturity.

Collection sites and no-take Nature and size of habitat suitable for coral growth; size, depth and zone of

replenishment sites collection area and size and condition of adjacent replenishment areas;
historical and current uses and existing natural and anthropogenic threats.

Existing protection A review of existing laws and regulations to conserve coral resources and
ecosystems.

Environmental | mpact Assessment of potential collection sites prior to opening them to collection to

Statement provide initial baseline information of the standing crop (popul ation size and

density), and existing threats, impacts and uses.
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Table 3. Provisions for sustainable management of the stony coral fishery in Australia.
Adapted from AFCFWG (1999).

Regulation

Description

Type of harvest

Collection areas

Quota

Participants

Commercial harvest only; no recreational harvest. Dominant taxa:
Pacillopora, Acropora and Fungia primarily for curios, with
recent increases in other taxa and live rock to supply domestic
aguaria; 45-60 metric tons harvested each year from 1994-1997.
Total alowable catch exceeds actual harvest by 60-88% each
year; harvest is 1-2% of the standing stock.

50 authorized Acoral areas@ each with 200-500 meters of reef

front to a depth of 6 m; average size of each coral areais 25,000
2

m-.

Total alowable catch (TAC) of 4 metric tons of coral per year for
each lease area with no distinction in amount of harvest for
individual species.

14 collectors in 1983; 27-55 fishers with authority to harvest coral
from 1990-1998. Not al areas are targeted for collection each
year and not al fishers are active; each participant may acquire
collectionrightsinup to 5 areas.

Table 4. Application of afishery population dynamics model to the shallow water reef building coral
Paocillopora verrucosa to determine sustainable yield.

Data requirements

Principle to maximize
yield

Assumptions

Application

Measures of distribution and abundance, growth data (weight/size increase per unit
time), rate of instantaneous mortality, recruitment rates and age at reproductive
maturity. Mortality and recruitment are determined by analysis of age frequency
distribution of a portion of an unfished population.

Harvest must not occur until the colony reaches a specific size (age). Maximum
production occurs at the point where losses due to natural mortality overtake gains
from growth.

For simplicity, the model assumes a steady state - the yield of a single cohort over
itslifespanis equal to the yield of all age classes present inasingle year. Variations
in annual recruitment rates can be incorporated by introducing year specific
estimates of certain population parameters.

Not appropriate for the live trade, as colonies are often collected before they reach
reproductive maturity and some species are collected as fragments of whole
colonies.
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A quotasystem wasfirst introduced in Australiain 1991, with atotal allowable take established for each area
zoned for collection (AFCFWG 1999). Coral areasarelocated in shallow environments (<6 m) dominated by Acropora or
Pocillopora. Quotas were established when almost all harvested coral consisted of branching species for curios. The
current management arrangement appears to be ecologically sustainable for the established species, athough more
comprehensive monitoring is planned (Table 3). Collected coral isonly for domestic use, as Australiadoes not alow coral
to be exported.

However, due to an increased demand for live aquarium speciesin Australia, anumber of issues have emerged
regarding measuring the coral and monitoring commercial quotas. First, the current quotaisbased on atotal allowable
weight that can be removed on an annual basis, with no distinction among individual species. This approach will not be
effectivefor live corals, asthey are sold asindividual pieces. Second, the aquarium trade involves collection of many
diverse taxathat often occur in areas deeper than those authorized for collection, and are found at a much lower density.

Indonesia currently allows export of live coral, live rock and reef substrate, with no export of coral skeletons or
manufactured items. The proposed management plan includes the following provisions:

Annual quotais assigned to the Indonesian Coral, Shell, and Fish Association (AKKII) whose members are the
only peoplein Indonesiaauthorized to export coral . Quotafor 2001 is 950,000 live corals, with separate quotasfor
each speciesdivided among 10 provinces. Maximum size limit of 15 cm for slow-growing coralsand 25 cm for fast
growing taxa. An export of 450 metric tons of live rock and 950,000 pieces of reef substrateisalso allowed.
Annual quotaisbased on reef accretion rates (assumed to be 10-15 mm/year); coral growth rates (linear skeletal
extension rates of 2.5-30 cm/year); condition of monitoring sites[421 stations from 43 locations assessed as
being in excellent condition (6%), good condition (24%), fair condition (24%) and poor condition (40%)]; and
estimates of total reef areain the country (85,700 Km?). Using thesefigures, it is assumed that aquotaof 1 million
coralsis0.00035% of thetotal reef areain good to excellent condition.

Fishers are not nationally licensed or regulated, but permitsto utilize corals may be given to Indonesian citizens
living in the district surrounding the harvest area.

Callection is only supposed to occur in sites that are in good to excellent condition and where population
assessments and monitoring are undertaken. However, collection sites are not defined, but must be outside
conservation areas and marine tourism sites. Collection isonly allowed in 10 provinces.

Coralswill be harvested in harvest rotation systems.

Several concerns have been expressed regarding the management of the fishery in Indonesia, and the calculation
of the annual and species quotas. Species quotas do not appear to be based on the population dynamics or life history of
the species, as some of the highest quotas are issued for rare species, while common species are traded at lower levels
(Bentley 1998). Also, collection occursin marginal reef environmentsand non-coral reef environmentswhichiscontrary
to assumptions used to develop the quota, and assessments or monitoring of collection sites have not been completed,
with the exception of afew recent surveys (Bruckner 2001b).

In the U.S., and throughout most of the Caribbean, coral collection is prohibited asit is considered essential fish
habitat and essential reef components. The U.S. doesallow alimited harvest of black coral in state waters of Hawaii, and
selective harvest of precious coralsin federal waters off Hawaii. The amount of harvest was determined from a
mathematical model based on the classic fisheries popul ation dynamics model of Beverton and Holt, and uses dataon
popul ation dynamics obtained from the collection sites and known information on species biology (Grigg 1984; Table 4).
The black coral fishery appears to have been sustainable over a 23 year period.

Collection guidelines

A coral fishery will benefit from the establishment of specific collection guidelinesthat minimize habitat impacts
and maximize survivorship of targeted species. A code of practice should be established by the industry in partnership
with local governments and environmental groups and must include training in appropriate collection, handling and diver
safety techniques. One method to encourage voluntary compliance isto train and certify fishersin the use of national and
international standards of best practice, such as those being implemented by the Marine Aquarium Council (MAC).
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M onitoring approaches

Monitoring of collection sites and comparable control (no-take) areasiscritical, asit will provide important data
on the abundance and population dynamics of the species and impacts associated with collection. Monitoring data
provides managers with the ability to make sound management decisions and appropriate adjustments in response to
changes in species abundance, ecosystem characteristics, or overexploitation. The monitoring protocol should be a
practical and rapid technique that can be used by scientists and resource managers with minimal training, and is easily
repeatable by any individual with expertisein corals. Monitoring should be conducted with sufficient frequency to
properly evaluate the impact of the trade and detect changes in the abundance or condition of taxa of interest, but not so
frequently that it isinefficient, too costly or destructive. One recommendation is that monitoring should be conducted
regularly over aperiod of two years, with areassessment of existing management approaches after that time (Lovell 2001).
A two-year period will allow interpretation of the population dynamics of the target species and natural variability in
abundance, obvious damage associated with collection or other impacts, and extent of recruitment of harvested taxa.

The monitoring program should be specific enough to determine the composition, abundance and population
dynamicsfor each taxon in trade. Because of the high diversity of scleractinian corals found on Indo-Peacific reefs, and
considerable expertise required to properly identify these to species, monitoring should focus at minimum on
identification of coral genera, except for monospecific taxa, readily identifiable species, and speciesthat are particularly
rare or vulnerable to overexploitation. If the species can not be monitored, it should not be approved for collection.

Determination of the baseline abundance of target stocks can be achieved through implementation of avariety of
monitoring approaches at arange of scales. At the largest scale, countries need to determine the total area of reefswithin
territorial waters and the amount of that reef that will be open for harvest and other uses. Satellite and aerial remote
sensing offers a quick and powerful tool for calculating such parameters and for development of maps that show the
boundaries of collection sites and the total area open for collection. At alocal scale, on the short-to-medium time frame,
stock assessment teams or individuals need to accompany collectors to determine the extent (patch size and frequency)
of habitats being exploited for target species. Suitable methodol ogiesinclude mantatows and timed swimsfor covering
large areas and where the target species is abundant, transect approaches to obtain quantitative data on population
dynamics, and free search methods to identify the presence and abundance of rare species. Since the goals are accurate
density estimates and size frequency distribution data, the distribution and natural abundance of the species of interest
will help determine which methods are most appropriate.

The monitoring protocol should be detailed enough to:
Determine the status of the resource.
Assess changes in biodiversity, standing stock, mortality, recruitment, and condition to the resource, including
collection impacts and other factors contributing to coral decline/loss.
Establish an initial quota and provide information needed to adjust the quotaif a particular taxon becomes rare or
overexploited.
Assess, quantitatively, whether a management response is warranted due to changes in the quarterly audits
submitted by collectors.

Responsibility of importing countriesand consumer s

The development of a sustainable management approach is primarily the responsibility of the exporting country,
but it will require assistance from importing countries, the industry and hobbyists. Hobbyists should only purchase
coralsthat exhibit ahigh survivability in captivity, with alevel of required care and handling that matches the expertise of
the hobbyist; beginners should purchase animals that are the least challenging to maintain. Avoid purchasing corals
known to be rare or with life history characteristics that make them vulnerable to overexploitation, and species whose
collection is detrimental to the health of coral reef ecosystems. Ideally, consumers should choose branching species that
grow fast and can be propagated by fragmentation, or corals from environmentally-sound mariculture farms. Hobbyists,
retailers and suppliers should pay attention to emerging environmental issues that may affect reef health, such asa
bleaching event, and avoid purchasing affected corals from the countries impacted by severe global or regional threats.
When selecting appropriate corals, ask local retailers questions on the source of their coral and whether the coral was
collected in asustainable, environmentally friendly manner or from mariculture. One assurance for aquality product may
be achieved through the support of eco-labeling programs like that established by MAC. Importing countries have a
responsibility aswell to ensure that coral reef species were taken from areas under sustainable management and were not
taken with the use of destructive practices.
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Table 5. Recommended coral collection guidelines for live coral and curio coral.

Parameter Collection guidelines

Type of coral Species with ahigh local abundance, fast growth and high rates of recruitment. Focus efforts on
branching species. Only collect slow-growing genera (massive corals) from areas where their ability to
grow into adult colonies is prevented, or from areas where fast growing corals are overgrowing them.
Only remove the number and type of speciesthat are requested by the middleman or exporter.

Size limit Maximum size is dependent on the biology of the species and its use; for live coral the minimum and

Unit of collection

Maximum harvest
guota

Location of
collection

Amount of collection
in each collection
site

Depth of collection

Duration of
collection

Method of removal

Injury or breakage of

non-target corals

Handling

Reporting

maximum size also reflects survivability during handling and transport. Indonesia has established a
maximum diameter of 15 cm from slow-growing taxa (e.g., massive corals and solitary or free-living
corals) and 25 cm for fast-growing coras (e.g., branching corals) (Suharsono, 1999). Lovell (2001)
recommended a maximum size of 45 cm for curio cora (Acropora and Pocillopora). MAC core
standards recommend collection of coralsin small size classes, with show-piece corals consisting of no
more than 1% of total exports by weight.

Remove whole colonies only, unless fragments can be removed from larger colonies without impact to
parent colony or reef. When fragmenting a branching colony, only a small percentage should be
removed, with no addition collection from the parent colony until healing or re-growth from previous
collection has occurred.

Maximum amount of collection developed for each species within individual collection sites, based on
its biology and abundance, with consideration of the desired size and reproductive status. A zero quota
for rare species, ecologically important species, speciesfor which no baseline and no monitoring dataiis
kept and sustainability is not ensured, and species difficult to keep in captivity.

1) Target areas with dense coral growth, removing species that may die due to competition with or
shading by neighboring corals; 2) no collection of isolated corals greater than 0.5 meters away from any
other live coral; thereislittle chance of the coral being overgrown, and it islikely to reach maturity; 3)
avoid reef crest environments, as aguarists cannot duplicate necessary environments, such as wave
energy, and excessive mortality may occur; 4) select sitesthat are at a minimum distance from the
holding facility or export facility to avoid long transport and unnecessary stress. Vaughan and Lovell (in
press) recommend that collectionis prohibited in areas with less than 30% live cover.

Remove coralsin a selective manner, spreading out harvest over largest area possible, but within defined
collection sites; ensure that a limited number of corals of each species are collected from the site, such
that adult colonies remain and may provide a source for replenishment.

Follow safe diving practices, and limit collection to depths less than 20 m. Due to monitoring limitations
and lack of baseline data for deeper environments, limit collection in deep water as a precautionary
measure and for diver safety.

Collect cora from one site for no more than 2 years, with arotation of sitesto allow recovery of the
resource. Enforce periodic closure, especially following an unusual disturbance or environmental event.

Only use tools that remove appropriate coral species with minimal injury to the target coral, surrounding
corals and the reef structure. Collectors should use fins when collecting, as this causes |ess damage than
walking on the reef.

Place corals and other reef organisms that are inadvertently broken or dislodged during collection near
the point of breakage, positioned carefully within the reef framework to stabilize the colony, with live
polyps facing upward.

Minimize handling; avoid touching live polyps; maintain coralsin clean seawater of ambient
temperature with frequent water changes; avoid placing separate corals in direct contact, preferably one
specimen per bag; minimize exposure to sunlight and air; transfer to holding facility as soon as possible.

Collectors should maintain alogbook that shows the numbers, types and sizes of cora collected. For
each coral this should include the location, habitat and depth of collection. Also record routine
information for the collection site, including evidence of bleaching, disease and physical damage.
Management authorities should require an audit and submission of logbooks on a quarterly basis.
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Table 6. Summary of key points to include in a management plan for the stony coral fishery.

Background
information

Provisions to assess
and monitor collection
sites

Zoning of coral reefs
and associated
habitats

Spatial and temporal
closures

Harvest quota

Collector obligations

Collection guidelines

Export requirements

Methods to minimize
impacts

1) Dataon the coral collection site and coral resources within that site, including the
history of exploitation, asummary of preexisting threats and existing management
measures; and 2) information on the target species and proposed use.

1)Determine the total area of coral reef habitat and the abundance and cover of the
targeted coral taxa within the proposed collection area before harvesting begins (for a
new entry); 2) assess the current condition of the resource (for preexisting collection
sites); 3)monitor the population dynamics of the target species and impacts of coral
collection; and 4) use monitoring information to develop and modify established quotas
as appropriate to continue sustainable harvest.

Separate coral reef uses through zoning. Include: 1) areas off limit to collection; 2)
defined areas for other extractive and non-extractive uses; and 2)defined collection sites
with arotational harvest that spreads out collection over alarge area and minimizes the
duration of collection in any given site.

Establish no-take areas that include a substantial portion of all representative habitats
and high densities of reproductively-mature target species. Include provisionsfor
temporary closures during key periods in the life history or during unusual
environmental events.

An annual quota for each species allowed in trade developed for each collection site
from 1) the life history strategies of the coral; 2) its distribution and abundance and
resilience based upon ecological requirements or specialization and susceptibility to
threats; 3) its suitability for the trade; and 4) its status within the collection site. A list
of speciesthat can not be collected.

Licensing and training for all collectors, and a system of feesto cover monitoring costs.
Training should cover fishery legislation, management guidelines, size and species that
can be collected, collection and handling techniques, and reporting requirements.
Logbooks that provide information on the location, amount and type of collection
should be submitted quarterly. Licenses should be revoked for failure to comply.

Specific non-destructive harvest guidelines that illustrate where and how to remove the
coral to minimize impacts, proper handling and transport techniques, and training in
these techniques.

Exporters should submit weekly, detailed information on the number and size of each
species exported and the source of this coral.

A management plan should include recommendations for reef enhancement in
collection areas and a restoration plan for resource recovery in degraded areas.
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Conclusion

There are many basic constraints to establishing a sustainable coral fishery, especially to address live corals
collected for home aguaria, offices and restaurants. Constraints include alack of understanding of reef processes,
interdependent rel ationships among associated species, and regional and local connectivity among reefs and habitats.
Data requirements for successful management rely on an understanding of the biology, life history and habitat require-
ments of each species, and the population dynamics of those species within each collection site. The stony coral fishery
is supported by alarge diversity of corals that are collected at different sizes and in varying quantities depending on their
use, value and demand. Environmental impacts associated with collection are difficult to measure on the short-term, due
tonatural variationin coral reefs, limited knowledge of local retention of coral larvae, and theinability of aheavily utilized
species to recolonize. Much more needs to be learned about the resource and its dynamics, including reproduction of
target species, recruitment and subsequent growth rates. Because this type of information may be prohibitively expensive
to obtain, resource managers must adopt a precautionary approach and progressively work towards achieving a more
thorough understanding of the resource and its sustainable yield. This can be accomplished through expanded research
on the species distribution, abundance and life history, implementation of monitoring programsin collection and control
areas, establishment of extensive no-take areas, and quarterly reports from the collectors on effort and amount of take per
species.

A sustainable coral fishery can be measured by long-term stability of targeted species, protection of coral reef
habitat, avoidance of detrimental cascading ecosystem impacts. A sustainable fishery will ensure social and economic
security for communities dependent on the resources. One clear indication of sustainability isthe ability of collectorsto
continue collecting corals at the same level within existing, permanent collection areas. The devel opment of asustainable
stony coral fishery requires financial and technical support of industry and governments in exporting and importing
countries to devel op appropriate management measures, commitment of local fishersto protect the resource, and demand
by the hobbyist and suppliers for sustainably and environmentally-friendly harvested stony corals.
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Appendix I: Workshop Agenda

April 9,2001, MONDAY:

8:00am

8:20-8:35

8:35-8:40

8:40-9:00

9:00-9:15

Regidration

Welcome, introductions, workshop overview

Roberta ChewDQOS, Bureau of Oceans, Environment and Science
Ir. Yuni Yarman, Chairman, AKKII

Opening remark by the Director General of Forest Protection and Nature Conservation,
Government of Indonesia, Mr. I+ Wahyudi Wardojo

Keynote speech by the Minister of Marine Affairsand Fisheries, Government of Indonesia
Honorable Sarwono Kusumaatmadja

Coffeeand snacks

Session |. Coral trade: overview, concer ns, inter national requirementsand alter natives

9:20-9:35

9:35-9:55

9:55-10:10

10:10-10:25

10:25-10:40

10:45-11:15

11:15-11:30

11:30-11:50

11:50-12:10

12:10-1:10

Facilitator: Andy Bruckner

Nationd policy of sustainablecoral reef utilizationinIndonesia
Dr. Rokhmin Dahuri, Director General of Coastal, Beachesand Small Iland Affairs

Background on coral trade: commoditiesin tradeand trends
Dr. Andrew Bruckner, NOAA/NMFS, USA

Environmental concernsassociated with thestony coral trade
Dr. Edmund Green, UNEPsWCMC, UK

Management and enforcement of cora importsintotheU.S.
John Fidd, USFishand Wildlife Service, CITES Scientific Authority

CITESregulations; permit process, making anon-detriment finding; cora reporting
proceduresDr. Vin Fleming, CITES Scientific Authority, EU

EU traderestrictions on stony corasfrom Indonesia; background, EU concerns,
taxaof stony coralsinvolved Caroline Raymakers, TRAFFIC Europe

Certification of marineornamentals
Dr. Paul Holthus, Executive Director, Marine Aquarium Council (MAC), USA

Community-based Cora Reef Rehabilitation Program in the Philippines
Joey Gatus, IMA Philippines

Cord maricultureinIndonesia
Ir. Yuni Yarman & Prof. Dr. Dedi Sudharma

Lunch
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Session lla. Statusof thetradein stony coralsand current management regimes

1:10

1:15-1:40

1:40-2:00

2:00-2:15

2:15-2:30

2:30-2:45

2:45-3:00

Facilitator: RobertaChaw

Introductory overview:
Roberta Chew, DOS, Bureau of Oceans, Environment and Science

Fiji
EdLovel, Biologica Consultants, Fiji;

Vietnam
Dr. Vo S Tuan, Institute of Oceanography and
Prof. Dr. Nguyen Chu Hoi, Hai phong I nstitute of Oceanology

Solomon Idands
MosesBiliki , CITES Management Authority
Peter Ramohia, Ministry of Fisheriesand Marine Resources

Vanuatu
William Naviti, Ministry of Agriculture, Forestry and Fisheries
Trinison Tari, CITESManagement Authority

Tonga
Anitimoni Petelo, Ministry of Fisheries

Coffee

Session I1b. Statusof thetradein stony corals, current management regimesand optionsfor
sustainability Facilitator: JohnField

3:00-4:05

4:10-4:40

4:40-4:55

Indonesia
a) Management measuresand CI TEStrade controlsfor the stony coral trade
Mr. I'r Wahyudi Wardojo, Director General of Forest Protection and Nature Conservation
b) Overview of Indonesian Cora Trade: importanceto coastal communities, health and
safety issues, user conflictsandillegal trade concerns
Arief Wicaksono, Director, IMA and Il mran Amin, Telapak
¢) Sustainable harvest of stony coras: quotaestablishment, methodsof coral collection and
status of coralsintrade Dr. Suharsono, CITES Scientific Authority, LIPI

Thegtatusof theornamental coral tradein Australia: collectors, collection areasand
management strategiesfor coral resourcesin Queendand

Sian Breen, Queendand Fisheries Service; Randall Owens, Great Barrier Reef Marine
Park Authority

Linkagesbetweenthe M AC Draft certification scheme, internationa requirementsand
existing and new management measures David Vosseler, MAC, USA
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April 10,2001, TUESDAY
Session I1b. Statusof thetradein stony corals, current management regimesand optionsfor
sustainability. Facilitator: JohnField

4:55-5:30 Discussion and questions. Government oversight, EU traderestrictions, CITESresponsibili-
ties, 3 Party certification

6:30 PM Evening reception. Appetizers, cocktailsand dinner. Sponsored by NOAA and AKKI I

Session I11. Development of guidelinesfor best harvest practices, a sustainable management
approach, and techniquestomonitor coral resources. Facilitator: John Field

8:45-9.05 Factorsto be considered in the sustai nable management of coras
Dr. Vicki Harriott, CRC Reef Research Centre, James Cook Univ (Australia)

9:05-9:20 Factorstoincludein best practicesfor cora collection
Ferdinand Cruz, IMA (Philippines)

9:20-9:35 Factorsto consider inamonitoring protocol for the coral trade (overview)
Dr. Gregor Hodgson ReefCheck (USA)

9:35-10:00 Discusson
10:00 Coffee

10:15-10:30  Linkagesbetweenthe MAC Dréft certification scheme, international requirementsand
existing and new management measures David Vosseler, MAC, USA

10:30-10:45 Introductions; assignment to individual groups. Roberta Chew DOS, Bureau of Oceans

10:45-12:00 Cord tradeworking groupsbegintheir discussion
a) management regimesfor coral extraction, Facilitator: Sian Breen/ Randall Owens
b) cord collection guidelines, Facilitator: Ferdinand Cruz/ Eric Borneman
¢) monitoring of coral resources, Facilitator: Gregor Hodgson/ Vicki Harriott

Session | 11a. Coral identification

10:00-11:30 Cordl identification and use of the NOAA coral identification manual. Sessionfor
guarantine officersand wildlifeinspectors Andrew Bruckner, NMFS

12:00-1:00 Lunch

1:00-6:00 Field trip tocoral collectionfacilitiesin Jakarta: CV Dinar and Golden Marindo
a) Workshop participantsexaminecoral transport, handling and quarantine, and export
procedures Wesen Wirawam, AKKII, Indonesia
b) Group 2 participantsreceivetrainingin cord identification
Ed Lovell, Fiji; Eric Borneman, USA; Andy Bruckner, USA
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April 11, 2001, WEDNESDAY

8:30-10:00
10:00-10:15
10:15-12:00
12:00-1:00
1:00-3:00
3:00-3:15
3:15-4:45

4:45-5:00

5:05-5:20

5:25-5:40

5:40-6:00
6:00

7:30PM

Coral tradeworking groupsreconvene
Coffeebreak

working groupscontinue

Lunch

working groupscontinue

coffee

working groupscontinue

Summary of management WG progress
Sian Breen Queendand Fisheries, and Randall Owens, GBRMPA, Australia

Summary of monitoring WG progress
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Indonesia (Dr. Rokhmin Dahuri and Dr. Ir. Alex Retraubun, Ministry of Marine
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CITES Scientific Authority, plus AKKII, WWF, IMA and Telapak),
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4:00-4:45

4:50-5:10

5:10-5:30

5:30-5:45

Working groupsdraft preferred aternativesfor amanagement approach, harvest guidelines
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