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ABSTRACT
French Polynesia is currently the world's largest producer of cultured black pearls

with exports worth U5$150 millions annually. The activity has become of prime socio

economic importance the archipelagos with strong support and control of the govern ment.

ln the mid-1980s, mass mortality ot the black-lipped pearl oyster, Pinctada margarltlfera,
has occurred in several atolls and challenged the development of pearl farming activity.

Consequent studies and surveys have described several pathological conditions. None

of those is considered to pose significant threat to the industry. However, they are

monitored by a surveillance program in order to prevent and control emerging diseases.

The government of French Polynesia has developed efforts to maintain high quality of

the pearls and sustain demand of the markets. This paper reviews a successful model of

development based on proactive policy and cooperation among stakeholders.

INTRODUCTION
The pearl industry in French Polynesia is based on the culture of the black-lip pearl
oyster, Pinctada margaritifera cumingii. Annual exports of pearls have increased over
the past two decades. They reached more than 8 000 kg/year in 2005 after a peak over
11 000 in 2002. Although an nuaI turnovers have significantly decreased since 2000
(tram a record value ot U~$252 millions ta a rather stable US$150 million tigure since
2005), French Polynesia is the world's largest producer of cultured black pearls (Anon ..
2007). The ~oci()-economicimportance of thi, activit\· cl111ld hardI\- be 0\ eremplu~i7Cd

,1S it ha~ become a major ~uurce of livelihoods. Ir al 0 contributes to nuintain i~land

communities in remote and isolated locations of the archipela~os.Approximatelv 1 000
tarms are currenth under operation in 34 islands and atolls located from Gambier
Islands ra northern Tuamotu. The actlvity genercue, direct and indirect employmellt
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for about 7800 people. \\ hile pl',Hllalilllllb III rrench Pol\ ne~ia mech ,ln undelliable
succe~s, the indu,tn lus not e\'enl~ gro\Vn. In the mid-1980~.mass monalit\, of oysters
h,lS occurrcd ln ~e\ l'l'al a[(Jlls and ch,lllenged the dc\ elopment ot pearl farmmg acm Lty.
The gll\Clïlll1L'I1l (lf French Pl1h nL~i1 h,b intrnduced~tringcIltqualin control system
in arder tù maintain high qualit~ of the pt:,lrb and sustain market demand. Here '" e
re\·iew thi~ e:-..perience and lessom learnt from the past.

OUTBREAKS OF MASS MORTALITY
In 191{5, the pe,1["! 0\ ,ter indu,tn' h,ls bced ,enes of mas~ mortalIt\ outbreaks in severa!

islands of the Tuamotu Archipelago. During these outbreaks, rl'corded mortality rates
were over 60 percent in some locations based on enumeration of tagged individuals in
\Vild populations (Cabral, 1990). The mortality persisted up ta 1986 and also aHected
cultivated stocks (Intés, 1994). Mortality of pearl oysters was accompanied by shell
disorders, mantle lesions and necrosis of the adductor muscle (Grizel et al., 1986). These
sigm led tù the description of cOillpll'>' syndrome currcntly known as "syndrome 85"
(COillpS, Ilcrh.llIl .lllll fuugerou ... e, 2000). \'V'hile no abnolïl1.1lmortaliry \va, reported,
these signs have bcen recurrently observed although at low prevalence in some islands
until 19%-1997.

Dôpit . n1.1n~ im e... tig.lti(llb ,lnd .1ttL'lllph rI' gi\ e the 19~5 ,luthrc,lk ....1 C,Hl"'C, Il()

infectious aetiology \Vas demonsrrared. The presence of a gregarine in affectl'd pearl
oysrers \Vas reportt:d (Chagot et al., 1993). Gregarines, when present in low numbers,
arc usually regarded harmless tù pearl oysters and the roll' of this parasite was not
clearl y assessed later (Fougerouse et al., 1994; Comps et al., 2001). Tt is accepted that
a deleterious combination of biotic and a-biotic environmental factors, along with
stress caused by culture handling, crowding and gratring, contributed to cause mass
mortalit)' of pearl oysters (Grizel, 1986; Cabral, 1990; Dauphin and Cuif, 1990; Cuif
and Dauphin, 1996; Dauphin and Denis, 1987).

Between 1982 and 1983, six hurricanes wiped out shallow bottom beds in l'l'nain
lagoons. Takapoto lagoon rcvealed oligotrophic conditions charactcrized by nitrogen
and phosphoru~ deficits and low concentrations in bactcria and phytoplankton.
Although the pearl oysters contributed to the suspendcd particulate matter used b)
micro-organisms, this appeared to have a l1egative b,dancl' against the rate of oystcr
grazing and indicated a limited carrying capacity for the lagoon (Vacclet, Arnoux and
Thomassin, 1996). Such conditions ma)' have also exacerbated l'l'l'ove l'y of the pearl
oyster lagoons which were restocked, post-typhoon.

It is likely that such pOOl' conditions a~sociated with local high densities of oysters
on culture rafts also may have exacerbated detrimental eHect of pathogens. This paper
reviews the pathogens reported from J>. margûritlferû in French Polynesia.

MAIN PATHOGENS RECORDED IN FRENCH POLYNESIA
There is \·ery little kl1l1\'.:n about diseases of pearl oysters in French Polynesia before
an)' developmenr of the industry. Initial studies fOCllsed on parasites having potential
to induce pearl formation (Seurat, j 906; Duboi~, 1907) and it \Vas onl) during the
1985 mass monalit)' that light has been shed on pathogens of pearl oysters in French
Polynesia.

Shcll disorder, or di'l'ase. is part of the "s\ ndroml' 85" (Grizel et al., 1986; Comps
c/ ,71, 2001). Thi~ dl,order is clnracterised br bro\\ n organic nuner deposits on
the inner shell ,1s,ociated \\ith inflammation ln the mantle displa\'ing ~'ellowish

CUluL1tilln .lLld '>\\ L'lllIl h. Ri,l mincnli/lti')11 di ..."rdèr, had prn iou," heL'1l imerpretcd
.1'" cl1!l'>cljueIlCe., <,t '11cch.lI1I(11 tr,lUm,l ni Lhelllic.ll Sn-L'" (Grizel, 1986: Dauphin
,1nd Cui!, 1990; ['ou~eJ"l)me el .d., 199..j.). Althuugh the disorder lus persistentl)
beel1 recorded b\ t'armer, in llumcrous .HC,lS from 1996 to 1997, the pre\alence
"IV.'!,lcn\ in COlllp,11"ISll ll \\Ith thL' pre\.llcllce ob"èn-ed ln 1':I1{5 (Comp., er ûl., 2001).
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Microstructure and compmitlon uf the aHected shells ha\c ~hown nulfornutil)ns 1I1

the nacreous layer associated with biochemical abnormaJitics occurring during the
biomineralisation process (Marin and Dauphin, 1991, 1992; Cuif and Dauphin, 1996).
Electron-dense partic1cs werc obsen ed in the granulomatuus tis~ue contiguou~ ta

similar organic deposits and interpreted as possible virus-like panic1es (Combs et al.,
2001). This condition has also been compared with brown ring disease of clams, Tapes
philippinarum and T decussatus, caused b\' Vibrio tapet!s (Paillard, Maes and Oubella,
1994; Borrego et al., 1996) and a contagious aetiologv was suggested (Cabral, 1994 citcd
in Cu if and Dauphin, 1996), alrhough evidence of a pathogen lus yct tu be found (Cuif
and Dauphin, 1996). ln the course of brown ring disease of clam, infection with V
tapetis provokes disorganization of the periostracallamina and a brown periostracum
deposit in the inner surfctce of the shell (Paillard and Macs, 1990, 1995) very simi1ar
to those reponed in P margar!tlfera (Comps et al., 2001). According tu the authors,
this might also result trom physiological changes caused by the environmental, culture
handling and grafting conditions Cünsidering that such organic deposits in the shell
of marine biv.1lves .1re .1 frequent sign of rC.lCtion ~timulated by wounds, par.lsites or
debris (Aldermann and Gareth-Jones, 1971; Perkins, 1996).

Abscess-like lesions were reported in the adductor muscle of weak oysters displaying
<llso .1bnormal mucus secrl'tiol1. Thesl' lc'iic l l1'i .1rl' Ch.1L1creri'il'd in hiswlufj) Ll\" focal
necrosis of the muscular tissue and haemocytic infiltration (Comps et al., 2001). The
study shows that prevalence of these symptams vary; with highest prevalence being
observed in Raiatea, Manihi and Takapoto lagoons. Virus-like particles - the very
nature and role of which is still unknown - were reported from similar granulomatous
tissues (Comps, Herbaut and Fougerouse, 1999). Similar lesions of necrosis, atrophy,
swel1ing and vacuolization of muscle fibres were associated with virus particles in
P fucata martensii du ring a mass mortality which occurred in western regions of
Japan in 1996 and 1997 (Miyazaki et al., 1999). The size of the panicles is apparently
slighdy diHerent with virus-like particles in P margarit!fera of 40 nm while akoya
virus particles measure 33 nm (Comps et al., 2001). A papova-type viral infection
is also reponed From the gold-lip pearl oyster P maXlma associated with nucleus
hypertrophy of the epithe1ial cells of the labial palps (Nonon, Shepherd and Prior,
1993).

Abscesses in the pearl bag arc reported in the course of grafting and cenain cases
were possibly associated with the presence of intracellular procaryotes (Comps et
al., 2001). The secretary epithelium of the pearl sac may be highly damaged with
accumulation of haemocytcs and cellular debris surrounded by strong inflammatory
reaction. Micro-organisms may be introduced in the pearl bag with mande tissue
introduction du ring the course of grafting and become a cause of abscess formation.
In response to mechanical wound or to the accidental introduction of a foreign body
during grafting, local abnormal secretion of periostracum by the epitheJium of the pearl
sac sometimes induces formation of whitish paraspherical bodies (Comps, Herbaut and
Fougerouse, 2000).

Micro-colonies of bacteria were found in the epitheJial ecUs of the digestive tubules
(Comps, Fougerouse and Bucstel, 1998; Comps et al., 2001). The bacteria exhibit
characteristics of members of Rickettsiales. AU of these were reponed during routine
examinations and were not associated with significant disorder of pearl O\'sters, except
in certain instances where fibrous la\'er surrounds som", of these micro-colonies of
baeteria.

The grcg.1rinc dc~cribed hy Clugot ct ,d. (199'\1 i, coml11l1nh reponed fWIll 'ie\cr:t\

Lu;oons (Gambier, Rai U<.'.l Jnd M lnihi) in the d12esti\e tract nf P lII,ng,rntiFff'd '.vith no
particular impact on the ho~t (Follgerou~e l't d., 199-+; Comps l't .<f., 2001).

Althollgh scarcel:- observed, stage~ uf J Cèswde, possibl) related to the gcnus
Ty!ocepha!um, \vere re(end" reponcd t'rom R<liate.l and GJlllbi",r islands (Combs et .71.,
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2001). ~uch nhscr\,ltIon, ulIlÎlrm pre\iuush reponed l)CCUITèllce of helmintbs fWIll
the same islands (Seurat, 1906).

)hell damages ln the black-llp pearl ot .rrcJ1ch POIYlleSla may be caused bl' various
huring org,lni,m, (]\Lw Che ({ ,d, 19%). These include c~',1l1obacteria, green algae,
the marine phycol11ycete fungus Ostracoblabe implexa and c1ionid sponges, Cliona
margûntzfera and C.""15tl!ZCt1. Apparentl)', Ostr"coblûbe implext1 wou Id be more
danl,lging to the nacreous layers of the shell compared ta c1ionid sponges limited to
ourer prismatic region of the ,llell (Cuif and Dauphin, 19%, Comps, Herbaut and
Fougernu e,200 l. Ho\Ye\er, clinnid sponges have been sho\\ n to produce perforation
throughout the shell three layers and l'ven induce haemocytic response in adjacent
muscular tissue of edible oysters (Groman and Benhe, unpublished data).

HEALTH MANAGEMENT
These different srudies have shown a reasonably good health condition of
P margaritiferll in French Polynesia despite persistent manifestation of the syndrome
85 Thl moSI serious (oncern pr()hahl~' comes from descrihed \'irus-like partides and
inrracellular prokaryotes. The mass mortality outbreaks encountered by the pearl
industr~ in Japan strongly contributed to reinforce this concern (Miyazaki et al.,
1999).

Transfers of pathogens via movements of live molluscs are generally recognized
as a major cause of disease outbreaks and epizootics. In French Polynesia, hatchery
production is still in development and despite the economic importance of this
industry, the pearl oyster culrure is strongly dependent on natural spat collection.
This collection occurs in atolls where narural stocks are abundant and where spat
production is significant. Closed lagoons, such as Takapoto or Hikueru, were
traditionally exploited for this specifie purpose. Collected spat are then spread to
non-collecting atolls where there is usually limited or no narural stock. The spatio
temporal variability in production of wild spat as weil as lack of regulation regarding
transfers of spat From collection to farnting areas are underlying causes of numerous
transfers between islands (Cabral, M izuno and TaurLl, ! 985; Prou, Benen and Tiapari,
1999).

The exponential development of the pearl oyster indusrry has been 'lccontpanied
by an increasing number of farms and farmed atolls. A direct consequence of this has
been a ri se in the frequency and volume of o)'ster transfcrs from collecting to non
collecting atolls. Animal exchanges increasc mixing of oysters populations from the
different atolls among Polynesian archipelagos (Society Islands, Marquesas Islands
and Tuamotu-Gambier) as underlined bl' the significant genetic homogenization trend
between populations previously distinct (Arnaud-Haond, 2003). The oyster transfers
also generate anemone dissemination and this is becoming an important ecological
problem in some islands with economic consequences as a result of the increased
frequency needed for cleaning livestock and rearing structures (LeMoullac et al., 2003).
The great demand for spat also had, as a consequence, high densities of reared pearl
oysters in the collecting atolls, such as, for examplc, Takaroa.

In order to prevent and control spreading of any emerging disease in the French
Polyncsian pearl farming sector, surveys were undenaken and a basic surveillance
programme '.vas proposed for implementation (Combs et ,,/., 2001; Thébault, 1999).
This program \\ as inItiatèd in 2003 as a network based on h\ e Islands ot the french
Pol~'nesian archipe1agos. The pr()gramme is bascd on l11onitOring of pearl 0\ ster farms
,md prl)duc'in<: ,1re.1S h\ rourine c,)llcction ot s,ll1lples ,md in\esrig,uion of ahnnrnl.11
I11l)rt,llit\ ourhre.1k, The ,rnln!:?; cnllahnruion het'.'. een acwr, of the scientific
communit\ and delef!;ates ut pearl 0\ ster .:tdministration in atolls (through meetings,
coordination, tr,lining coursc:S) cnablc:d incrC:,lsed a\\,arcness of farmers for the benefit
of the industn.



CONCLUSION
The pearl farming in French Poh nesia ha ... been extremeh successful. lmolvement

of the government and cooperation of rcsearch and prÎ\'ate secwrs are two key
COll1pllnent~ uf thi ... I1wdcl hLl1l h Pol, n('~Î,l has de\ e!opcd a ,trong proactÎ\c polic~

in support of the pearl indllstr~ 'W ith efforts tû develop and Implemenr a national
strategy for pearl o~ ster health managemenr. This policy i~ still under re\ iew with
new management meilsures being consiJered. Among thosc, quotas of pCilrl farms arc
discussed to reducL' the risk of diseascs of PC<lr! oystL'r <1I1d J\ oid problcIll- of pOlH
qualit) of the peJrl..,.
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