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Pearl Farming in Japan S. Mizumoto
Abstract grounds and pearl guality are being conducted in Japan. As a result of
SC\’erjd_l species of pear! oyster, Pinciada fucata, P. maxima, P. margari- these studies and efforts to maintain the cultere grounds, good prospects
{era, Preria penguin and Hiriapsis schlegell zre.used {or pearl farming. may- be expected for pear! farming. :

iie first four species are marine bivalves; the ifth is a freshwater species.
Procedures used in Pinctada fucar: pear! farming consists of preparation Culture des huitres perfiéres au Japon
of host shell. nucleus insertion. convalescence, nuriure and eultivation of Résumé
motlher oysters. Plusieurs sortes d*huitres perlieres. FPinctada fueata, P. maxima, P.

In Yupan, the maximum aonual pesr] production is presumed 1o be margaritifera, Plerla penguin et Hyriopsis schlegeli sont utilisées pour Ja

about 35 tons for the Pinctads pearl, and 10 tons for the freshwater culture des perles. Les quatre premigres espéces sont des bivalves 3.

Specles. ja cinguerne est une espéce dsau douce. Les méthodes appliquées pour
Major problems facing future near] farming are security of good culiure des perles de Pinctada fucata consistent en préparation 2

culture grounds and preservation of their environmental Conditions. coguille hdte, insertion du noyau. convalescence. soins et ouly

Continued studies on the envirenmenial donditions of pear! farming huitres méres. Au Japon, la production annuelle maximum de perfes ax
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evaluce @ environ 35 tonnes pour les huitres Pinctadea et 4 10 toanes pour
fes especes dlean douce. :

Les principaux probiémes que se poseront a 1a culture des perles sont
la securité des bons sites de culture et la préservation des conditions du
milieu. Des dtudes permanentes suc les conditions de miliew des aires de
culture des perles et sur la qualité des perles sont en cours au Japon.
Gréace & ces etudes et aux efforts déployés pour préserver les aires de
culture, la culturs des perles se présente sous une perspective favorable,

Cultive de perlas en el Japon
Extracio

Para el cultivo de perlas se utilizan diversas especies de ostras perliferas:
Pinctada fucata, P. maxima, P. margaritifera, Preria peaguiny Hyriop-
sis schiegeli. 1.as cuatro primeras especies son bivalvos marinos, y la
quinta una especie de agua dulce. Los procedimientos atilizados para el
cultivo de la ostra perlifera Pinctada fucaza consisten en la preparacion
de las conchas-soporte, insercion de un nicleo, convatescencia, alimen-
tacién y cultivo de ostras reproductoras.

En Japén se supone que ia produccién méaxima anual de perlas es de
unas 35 toneladas de perlas de Pinctada y 10 toneladas de la especie de
agua dulee.

Los principales problemas gue se plantearan en el futuro parala cria
de ostras perliferas seran conseguir buenas zonas de cria ¥ conservar ¢l
medio ambiente. En Japon siguen realizdndose estudios sobre ias condi-
ciones ambientales de los criaderos de perlas y la calidad de estas
{itimas. Como consecuencia de estos eswudios v de los esfuerzos por
mantener las zonas de ¢ria, es de esperar que la cria de ostras perliferas
ofrezca buenas perspectivas.

1 Introduction

The techniques of pearl culture are reasonably wetl known
today. For example, almost thirty years ago Cahn (1949)
described the basic techniques developed in Japan, and
Alargaswari (1970) and others have not oaly extended
this description but have provided additional information
on pearl culture in other parts of the world. Nevertheless,
for the purposes of a worldwide review of the status of
aquaculture it is considered desirable to present a brief
account of this example of a highly specialized type of
aqua-farming in which the end product is not food but a
luxury item whose derivation is dependent upon a compli-
cated set of procedures involving extreme manipulation of
the coltured organism.

The pear] culture industry generally uses only five spe-
cies of bivalve molluscs. Four of these are marine oysters:
Pincrada fucata, P. maxima, P. margaritifera and Pteria
penguin; the fifth is a freshwater mussel, Hyriopsis
schlegeli.

Marine pearls are cultured on the southwest coast of
Japan, in the Republic of Korea and in China using Pinc-
tada fucata and Pteria penguin. Pinctada maxima is used
in south Pacific waters {Australia. Burma, Indonesia, and
the Philippines). P. margaritifera is used in the Okinawa
area, Tahiti and Fiji. Freshwater pearls are produced in
Japan using Hyriopsis schlegeli, and another species of
limretic mussel is used in China.

Additional notes on these species foilow: .

(i) Pinctada fucata. This is the species most commonly
used for pear} culture in Japan, and the techniques of this
culture which produces spherical pearls have been devel-
oped primarily with this species. The major producing area
for this species in Japan used to be Mie Prefecture, but new
farming grounds have been established in the Shikoku and
K.yushu areas, because of the deterioration of farming areas
and water poliution.

(i) Pinctada maxima. About 70-80% of the world’s
pearl production using this species is cultured in Australia.
This species makes the largest round or half pearls having a
- maximum diameter of 18 mm and a silvery-white colour.
(i) Pinctada margaritifera. This species, the “blacklip

pear]l ovster’ is most suitable for the production of stwel-
black pearls and half pearls. ' . S

{iv) Pteria penguin. This species, known as ‘Mabe’ i
Japan, is cuttured to obtain large-sized half-round pearls. Iz
the Amami-oshima areas of Japan, growers can obtain ths
spats artificially in vitro and use them for culture. :

() Hyriopsis schlegeli. Pear] culture with this freshwater
mussel has been attempted for 45 years in Lake Biwa near
Kyoto and its farming has been extended to several other
places during thelast decade. For the most part, an artificial .
nucleus is not employed and the techniques used are differ.
ent from those used with other peari-forming moiluscs, The
colour of the pear! is salmon pink, the shape and size are
variable, and they are much appreciated as distinctive
pearls. o

Iz China, many freshwater pearls are produced with
other species, but the details ‘are not well known to the
author. ’

Table I shows the amount of pearis produced in Japan,

2 Farming procedure

As Pinctada fucata is the main species used in pear
production, and as the major techniques have been devel-
oped with this species, it will be used as an example o
describe pearl farming procedures. Each step in pearl cul-
ture is dependent upon a knowledge of the biology and [ife

step in the procedure is very important for producing pearls
of good guality. The steps are as foliows:

Nucleus mpseriion \

Convaivsceins
]

Preparation of
host shell

l Nurture

2.1 Preparation of host shell

The best site in the body of this pear] oyster for insertion of
a nucleus for pearl formation is the gonad. When a gonad

contains eggs or sperm, it is difficult to obtain good resuis

in this operation and one can not expect to grow pearls of
good quality. The period that the gonad is devoid of
gametes comes just after spawning and has short duration.

There is, therefore, a necessity to extend this limited period

for the nucleus-insertion operation artificially. Two meth-

ods are used to improve gonadal conditions for the operd-

tion; suitable conditions for the operation can be expected

using either treatment:

(i) Inhibition of maturation. This treatment is usually
applied to oysters for. the operation in April-May. During
the previous season, after spawning, oysters with no eggs o7
small eggs are selected and placed under low temperatures
to inhibit gonad maturation. '

{iiy Aceeleration of maturation. Under this treatment,
early maturation of the gonad is expected and the oysters
are spawned before the operation. Normally, the oysters ar¢
put in a cage where they are a litile crowded and placed in
warm temperatures in the sea. If conditions are suitable.
early maturation can be expected. After they mature, the
oysters are stimulated to induce spawning. Usually:

Products

Harvest
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TABLE |
NUMBER OF MANAGEMENT UNITS AND QUANTITIES OF CULTURED PEARLS PRODUCED N JAPAN (1926-73)

Pearl culwred with

Pear} cultured with

Pear] cultured with

Pinctada fucata’ Hyriopsis schiegeli? Pinetada maxima®
. Quantitios Quantities Quantities Number
Year Number of of cultured Number of of cultured Number of of cultured uf?, N ;f
managenient pearls manggenient pearis management round pearls hcz;f.wer!
uniis produced units produced units produced 2 ;ea ds
(kg) (kg) (kg) produce
1926 33 251
1927 42 220
1928 47 668
1929 50 241
1930 42 307
193] 51 405
1932 108 1370
1033 147 935
1634 320 1691
1933 222 2908
1936 258 2651
1937 274 4071
193§ 289 4481
1439 281 3930
1540 — 3470
1941 336. 2959
1942 107 2261
1643 107 1580
1944 107 T3
1945 107 275
1946 e 138
1947 —_ 450
1948 187 334
- 1949 34 1875
165G 359 3750
.. 1951 700 7 500
1952 1200 10 500
1953 [ 200 13328
1954 1456 16 850
1a55 1643 24525 6 [12
1556 1734 26 444 ) 176
1957 2574 29 701 g 356
1958 3001 47 662 23 423 2 18 26184
1959 3084 506119 37 1189 2 25 30263
1460 3484 59 486 37 922 2 39 27 862
1961 3637 71894 37 [ 082 2 58 37893
1962 3817 78032 40 1019 3 97 128992
1963 4079 86 407 41 1972 5 76 153 230
1964 4 302 8702t 46 1564 6 119 : 181439
© 1963 4 620 111460 46 2602 8 139 185323
1966 4710 - 127 460 438 2836 6 173 209 103
1967 4 666 122 451 48 3961 7 130 205996
1968 4 606 99 717 53 4 669 7 174 346338
. 1969 4226 95745 57 5902 & 229 390520
1870 3635 74 678 58 6884 8 272 177472
1971 2962 48 601 61 7173 6 308 118 338
1972 2823 42 296 61 7218 5 437 118003
1973 23526 34 436 62 6848

i Statistics compiled by the Japanese Ministry of Agriculture and Forestry an
* Statistics compiled by the Japan Fxport Overscas Pearl Producer’s Associat

changing the hanging layer of their cages is sufficient
stimulation. After spawning, the oysters are placed under
conditions which promote recuperation from the treatment.
When they resume a normal condition, they are ready for
- the nucleus-insertion operation:

2.2 Preparation for nucleus-insertion
2.2.1 Opening of host shell. Before the operation, many
host oysters must be prepared. The oysters are placed-in a
shallow tray with the hinge or dorsal portion of the shell
downward and covered with sea water. Within 4 few min-
utes, the valves start to open. Shell openers are gently
nserted between the valves to open them wider and a
bamboo wedge or key is then applied to keep them open.
Other methods may be employed to open the shells but
thie niortaliiy Taté Tor oysters prepared by this procedure is
lower than when others are used.

d by the Fisheries Agency
ion .

2.2.2 Preparation of graft tissue. Proper preparation and
careful insertion of the graft tissue governs, to a large
extent, the production of the pearl. The graft tissue is
obtained from the pallial zone of Lving oyster mantle. The
oyster i opened carefully with a sharp knife and the
adductor muscles are cut from their point of attachment to
the shell. The major care in this oparation is to remove the
mantle without injury. Al] extraneous matter is scraped out
using the blunt edge of a scalpel.

A strip about 2--3 mm wide is then cut from the pallial
zone of the mantle. Every operation must be performed
carefuily and gently because rough treatment can damage
the epithetium in the pallial zone of the mantle. The siip s
cut into pieces 2-3 mm square. The size of these squares is
determined by the size of the nucleus to be used. each
graft being sufficiently large to cover one third of the
nucleus.
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Under moderate temperature, 1 7°--22°C, the graft tissue
- will live for about two hours if kept moist with sea water.

2.2.3 Preparation of the nucleus. Layers of nacre bind
most satisfactorily with calcareous substances; for the final
product the nuclear material should have the same or
similar characteristics of deposited nacre. The shells of
other molluscan species are therefore used for the nucleus.

In preparing nuclei the donor shells are cut into small
cubes of the general size required and then placed between
two sheets of iron. As the upper sheet is revolved, the cubes
are ground between the plates and against one another to
produce rough spheres. Further finishing work is done to
make them smooth but a high polish is pot essential.
Although the general size of the finished product is deter-
mined by the size of the original cube, some variation
occurs, and finished nuclei are graded according to their
diameter.

2.2.4 Surgery on the oyster. The organ in which the
nucleus or nuclei will be inserted is the gonad., As other
“organs, such as the adductor muscle, hepatopancreas, intes-
tine and byssus gland are located around the gonad, the
surgery must be performed without injury to them. The
number of nuclei to be inserted depends upon the size of the
nuciet. Two to five nuclei are put info an oyster if they are
3 mm or less in diameter; one nucleus is inserted when it is
larger than 3 mm.

The operatlon is usually carr:ed out during the period
from spring through autumn but it should not be done
during the hot summer or rainy season.

2.2.5 Insertion of nucleus. When the partly open pegged
ovster has been placed in an oyster clamp and the graft
tissues have been prepared, the operator smooths back the
mantle folds with a spatula exposing the foot and main
body. An incision is made in the gonad, the graft mantle
tissue is then inserted and nucleus-insertion foilows. The
graft tissue must be placed on the nucleus.

A highly skilled technican can insert from two to five
nuclei in an oyster, usually completing these operations on
25-40 oysters per hour.

2.3 Convalescence
The operated oysters are placed in Lulture cages, consisting
of heavy wire frames (68 x 60 x 30 cm) covered with fine
mesh wire netting, each of which can hold 50~60 oysters.
The cages, suspended horizontally from rafts, should be
placed in an area with calm condisions to avoid disturbance
for four to six weeks after the insertion operation.
During this period of convalescence, the oysters recover
from the operational shock and repair whatever injuries
have been sustained. At the end of this period, the cages are
lifted and the oysters are inspected. All dead shells are
removed and the cages are transferred to ordinary culture
rafts.

2.4 Pear! formation on the nucleus

In oysters where the operation has been successful, the graft
tissues begin to grow; they form ‘pearl-sacs’ which com-
pletely cover the nuclei. After the sacs are formed, the
epithelial cells secrete a nacreous or pearly substance and
deposit it on the surface of the nuclet. It usually takes three
to four years for pearls of commercial value to develop.

2.5 Subsequent culture

The cages are suspended from rafts or long lines 4t a depth
of 2—3 m. Atleast three times a year, the cages are lifted, al}
encrusting marine organisms are removed from the oysters,
and the cieaned oysters replaced under the rafi. A few
oysters are picked out to determine the rate of pearl growrh,
Normal harvesting operations begin in October and con-
tinue until the middle of January.

2.6 Nurturing procedure

2.6.1 Faciliries. At one time the sowing method was ap-
plied in nurturing pearl oysters but, at present, all pear!
farming uses a hanging method with rafts or long lines,

{7} The use of rafts: Two kinds of materials are %neru;v;.
used for raft construction: logs or bamboo. (Steel pipe has
been used recently but its use is not yet common.)

Log rafts. Cypress or cedar logs are used for these rafis,
The standard size of a log raft isabout 6-4 x 5-5 m and four
floats are attached underneath the raft. A hundred ropes are
ustally hung from a raft and each rope hoids a cage. A
standard-sized cage, about 70 x 45 cm, composed of syn-
thetic fibre net, contains about 60 oysters.

Bambeo rafts. Two poles of bamboo trunk, 5-10m
long, are tied together, and put on the surface of the water
paraliel to each other at intervals of about 2 m. Usuaily 15—
20 ropes with cages are hung on a raft of 15 m length. The
raft can float on the surface without fioats.

(ii} The use.of long lines: A rope is attached to a
spherical pl lastic ﬁoat This system Which i<; s‘troncEf ﬁ"fiﬁ

cages that h.a.ﬁé uﬂu.CI' the rope are similar to those wad
with rafts. '

2.6.2 Hibernation. The pf:drl oyster was originally a semi-
tropical or temperate organ Optimal temperature for its
growth is 20°-25°C; the minimuin is 8§°C. In winter time,
therefore, it is common practice among growers io ief these
oysters hibernate—placing them in warm water 1o keep
physiological conditions normal.

1‘1?11

2.6.3 Other specialized treatment. The growth rate of pear]
or nacre on the nucleus and the guality of pearl produced
depend upon water conditions and usually waters which
provide a good growth of pear! do not always produce good
quality pearls. Conversely, waters which produce pearls of
good quality are not suitable for good growth. Therefore,
growers move their oysters {o d1fferent places Lo obtain
better products. When farming begins, the growers first pui :
their oysters in places where they will get good growth;
tater Lhey transport them to areas where a bettwr quahtx of
pearl Is expecte

These dxfferences are due to water quality, esp&uailv
its fertility, and sometimes the oysters are moved a few
hundred kilometres to achieve these ends.

3 Enemies and damages

There are many constraints on pearl farming. Among
natural factors, damage from parasites is the most serjous
problem. Among the parasites are polychaete worms which
are harmfu! to pearl formation and the physiological func-
tions of oysters. Qysters invaded by polychaetes are first
soaked in fresh water to make the shells close tightly so that
the oyster itself may avoid the effects of salt water. They are
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en soaked in highly concentrated salt water for 20-25
;-"zlinmcs“to eliminate the polychaete.

Trematodes also sometimes cause serious damage to the
ovsiers. The only practical controf of these parasites is to
g;'.t/?_ﬁsfﬁf the pearl oysters from infected to non-infected
waiers in September; the month when trematode invasion
ormally takes place. (It is impossible to remove the host
sk from coastal areas. ) .

Unsuitable physical and chemical environmental condi-
sions are also serious hazards for pearl oyster farming.
Ameng these factors are: decrease in salinity, high water
emperatures, cold tides, red tides, hydregen sulphide and
pollution by domestic and industrial efluents. Areas where
ihese unsuitable conditions can be frequently observed
should be avoided by pear! farmers.

% The supply of mother oysters

Although native oysters were previously used, today’s
supply comes mainly from oyster farms because of the
decrease in natural stock. :

The free-swimming veliger iarvae of the pear] oyster
kave a markedly negative phototropic behaviour just before
serting and this reaction is utilized for the collection of spat
artificially. Cedar tree leaves and palm tree bark are usually
used as collectors. These materials are combined and put
into the water during the spawning season, July-September.
During this period, the spat attach on the collectors, and
remain in place until fate November when they become
voung oysters, about 1-5 cm long. They are then removed
from collectors and transferred into rearing cages for
growth, The cages are hung under rafts or long lines. It
usually takes about two years for the host shell to develop
to the stage required for pearl farming.

5 Future of pearl farming

Beautiful pearis are desired by many people. One cause of a

slump in pearl farming in Japan was caused by an unsuit-
able price due to the increase in pearls of poor quality. Mere
increased production of pearls in the future is not visual-
ized; the aim of the industry should be to improve the
quality of cultured pearls. If this planned production of
pearis is carried out, pearl farming may have a bright
future.

The maximum pear] production in the future is expected
to be about 35 tons/year of Pinctada pearl, and that of the
freshwater one about 10 tons in Japan. As a pear] market
for Pinctada maxima, P. margaritifera and Preria penguin
pearls opens, production of pearls may be governed, to
some extent, by supply and demand. If a meikod which
includes artificial seed production technique is established
more stable production of pearls may be expecied in Pine-
tada maxima and P. margaritifera.

There may be considerable difficulties to apply the tech-
niques established for Pinctada fucata to the culture of
other pear] oysters. Physiological and ecological studies on
each species will be required concerning peari formation.
Through these studies, new {echnigues which will be soit-
able for each species can be established.

For the further prosperity of pearl farming, not only
must culture techniques be improved but, simulianeously,
studies should be made in various areas and under different
environmental conditions to resolve problems with respect
to pearl qualities, eg, lustre and formation of the pear! layer.
Finally, steps must be taken to secure good culture grounds
and a continued vigilance exercised to preserve them from
environmental deterioration.
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Shelifish Purification: A Review of Current
Technology

Absiract

The controlled purification of molluscan shellfish by natural biologicat
processes is widely known and has been researched since the turn of the
ceptury. The process is an integral and mandatory part of the shellfish
industry in England. France and Spain. Itis little known or practised in
the USA and although sporadically used in Portugal, Japan and Canada.
has never been an integral or major part of the shellfish industry there.

The need for purification arises from a need to protect public health

from shelifish which are notorious for concentrating pathogenic micro-

erzamisms from sewage-polinted sea water. Assessment of poliution in
iarvest areas 1s difficult and never certain, Purification may also be used
1o reduce the unknown hazard of viral pathogens. especially infectious
*‘}‘iﬁﬁgl; which is difficult to monitor either in the environment or in
shelifish,

- A synopsis of commercial purification plants shows that they have

" Ben operated for soft clam {Mya arenaria), hard clam (Mercenariz

merceraria), Pacific oyster (Crassosirea gigas), European ovster (Os-
req eduldis), Portuguese oyster (Crassostrea angulata), mussel (Mytilus
edulis). chirla (Femes goilinay and other species.

Development of purification plants in the USA has lagged and only

e soft clam is currently being purified on a commercial scale. Possibly

wie industry {s reluctant to invest in new purification plants because of

o . ; '
- D‘ilief that the massive sewage treatment plant construction programme

20“' n progress i the US A will eliminate much of the hazard of polluted
sarvest beds. There is also some distrust of the value of viral depuration.
&speciallv of hepatitis. Nevertheless, operation of various plants (com-
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mercial and pilot} in both the USA and Canada has demonstrated the
economic, technical and biological feasibility of the process in Nerth
America.

Despite all that is koown about molluscan shelifish biologv, ne
reliable biological or physiological phenomena guantitatively demon-
strate successful purification of pathogenic micro-organisms. The only
way (o assure that purification has taken place is by the use of bacterial
indicator systems.

Generally speaking. viral accumulation and depletion rates follow thiat
of coliforim for the species studied. The fact that virus can be removed is
not at issue any longer. It is the initial leve! of virus in the molluse that is
the crux of the matter.

The engineering design and operation of a purification plant are
predicated on matntaining the proper biological state of the molluscs.
especially with respect (o their excretory, nervous, respiratory, muscu-
loskeletal and reproductive systems.

Fundamentals of plant design include: () plant siting (watey supply—
amount, type, method of delivery, efe), (i) plant structure {materiais.
whether indoor or outdeor); (i) piant lavout (conside -
ciency and product flow. and positive separation of 1
unpurified shellfish); {fv) handling {whether by carts, trolless or bel
baskets or in bags); (¥) sea water systems (plastic pipe :
engineering are recommended); () water supply and treatmen:
will ensure that shellfish receive processed water comparable with thelr
biological svstems and not become contaminated in that water (termnpera-
tures of 10-20°C, oxygen content of 5 mg/l to saturation. turbidities of
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