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Studies on the Prevention of Abnormal

Pearl Development

— with Special Reference to the Structure
and the Origin of Abnormal Pear]l —

Shun Aok1

Summary

It does not necessarily follow that all pearls cultured artificially in the
Japanese pearl oyster, Pinclada martensii, grow into the spherical normal
pearl satisfactorily covered with a nacreous layer; some of them develop
into the pseudomorphic abnormal pearls covered with a nacreous layer,
further some others become the nacreless abnormal pearls covered only
with a prismatic layer or a periostracum. How to lessen the appearance
of these abnormal pearls is an urgent problem in the pear! industry. Having
attempted several studies on the abnormal pearls, the present author describes
the results of those studies as indicated below. This paper is divided into
four parts as follows:

A). C(lassification of abnormal pearls.

B). Observations on the architectural structure of abnormal pearls, and
on the histological structure of pearl-sac tissues which produce
them.

C). Biological investigations on the origin by which abnormal pearls

are formed.
D). Discussion for the prevention of the formation of abnormal pearls.

A). Classification of abnormal pearls.

1). Abnormal pearls are classified in the main into pseudomorphic

and nacreless pearls.
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1I). Pseudomorphic pearls are further subdivisible into nine types ac-
cording to external appearance. In this paper, the present author assighed
the following names to each one; (1) “Tsunodamsa” having a few large
projections, (2) “Kobushidama” grown into rough in shape, (3) “Konpeito-
dama” having many small projections on the surface, (4) “Ekubodama”
having many pinholes on the surface, (5) “Chirimendama” having a crepe-
like structure on the surface, (6) “Doroppdama” grown into a drop shape,
(7) “Kakedama” on which nacreous layer has not completely deposited, (8)
“Hachimakidama” having a few grooves on the surface, and (9) “Tsunagi-
dama” in which a few pearls have combined with each other.

I). Nacreless pearls are moreover subdivisible into the following two
types: one is a “Prismatic layer pearl” consisting mainly of a prismatic layer,

and the other a “Periostracal pear!” being covered with a periostracum.

B). Observations on the architectural structure of abnormal pearls,
and ou the histological structure of pearl-sac tissues which produce
them. -

I). The architectural structures of each abnormal pearl are respectively
summarized as follows:
The heterogeneous substances enclosed within the projection of most

H

“Tsunodama” and “Kobushidama” are composed mainly of necrosed cells
and the periostracum. Those substances in the small projection of most
“Konpeitodama” consist mainly of the periostracum,.

’

Under part of the pinhole of “Ekubodama”, is enclosed an opaque laver
made of the granuliform irregular crystals of calcium carbonate.

The thickness of the nacreous layer in “Chirimendama” and “Doropp-
dama” is partially different.

On the deficient part of the nacreous layer in “Kakedama”, a bundle of
byssus threads is ordinarily attached.

El

“Hachimakidama” is generaliy possessed of a large projection. A few
grooves on the surface of this pearl appear running orthogonal to the
central axis which goes through the tip of the projection, and parallel to
each other around the pearl.

The structure of “Tsunagidama” is divisible into the following two types:
one is derived from a few pearl nuclel inserted in the same oyster and con-
nected with each other just after the insertion, the other consisting of a
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few pearls connected to each other during their development.

“Prismatic layer pearl” is thickly covered with a prismatic layer. The
prismatic layer consists mainly of the organic columns formed vertically to
the snrface of the pear]l nucleus and the mineral laminae piled up in each
iuterstice among those columns. [n addition, organic membranes are often
formed at right angles to the columns. It is not unusual that the distributional
pattern of the organic matter and the mineral substance is partially different
even in the same individual.

“Periostracal pearl” is thickly covered with a periostracum consisting
fundamentally of organic matter. In most “periostracal pearl”, it is common
for many necrosed cells to be contained in the space between the pearl
nucleus and the periostracum.

T). The histological structure of the pearl-sac tissues which preduce
adnormal pearls is summarized as follows:

The pearl-sac tissue producing the pseadomorphic abnormal pear] which
is covered completely with a nacreous layer does not differ from that
producing a spherical normal pearl.

The pearlsac surrounding “Kakedama” is imperfect: one part is com-
posed of the pearl-sac epithelium derived from mantle piece, and the other
of the epithelial cells extended from the wall of the lumen in either “byssus
gland” or “layered muscular lamellae”, which is concerned in the formation
of byssus.

The epithelial cells of the pearl-sac tissue forming “Prismatic layer pearl”
are generally cuboidal, but some of them are flattish or cylindrical. These
epithelial cells are ordinarily taller than those forming nacreous layer.

The epithelial cells of the pearl-sac tissue forming “Periostracal pearl”
are extremely tall, ciliated, and contain many acidophilic small granules in
the cytoplasm.  Sometimes, these epithelial cells have hecome partially

detached due to necrosis.

). Biological investigations on the origin by which abnormal
pearls are formed.

I). In pearl culture of the Japanese pearl oyster, the operation of

nuclear insertion is carried out so that the pearl nucleus and the outer

epithelium of mantle piece come into contact with each other in gonad.
However, some unusual situations occur in which either the mantle piece
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is placed distantly from the nucleus, or the inner epithelium of the piece
comes into contact with the nucleus. The present author attempted some
histological obhservations on the pearlsac and pear! formations in some of
the unusual conditions as aforementioned. The observations are summarized
as follows :

In the situation when the mantle piece was placed distantly from pearl
nucleus, the space existing between the piece and the nucleus was filled
up within a short time after the operation with several free cells such as
generative, wandering or necrosed cells. Most nuclei were generally enclosed
by pearl-sac epithelium derived from the distant graft together with those
free cells. Under these conditions, the nuclei had a tendency to develop
into “Tsunodama” or “Kobushidama”. In some cases, however, the graft
was covered by gonadal tissue without the appearance of the pearl-sac
covering the nucleus.

In the situation when the inner epithelium of mantle piece came into
contact with the pearl nucleus at the time of operation, in the majority of
cases (38 cases out of the total of 67 cases observed) no pearl-sac was
formed, only the small pearl-sac bringing in the production of “seed pearl”
was frequently found in gonadal tissue. In some cases (25 cases out of the
total of 67 cases observed), however, these nuclei were abnormally covered
with the pearl-sac epithelium derived from the outer epithelium of the piece,
and developed into “Tsunodama” exhibiting small projections.

). In pearl culture of the Japanese pear! oyster, two pearl nuclei
are generally inserted into the each gonadal tissve in the mid-gut side called
“Ukashi” and the intestinal-loop side called “Fukurc” separate from the
retractor muscle. Examining the sites of these inserted nuclei under micro-
scope, one finds that the sites of them are slightly different from each
other even in the specimens inserted into the gonadal tisste of the same
side. One deciding factor influencing the quality of the cultured pearl seems
to be controled by the difference of the site of nuclear insertion. Some
histological investigations were undertzken in the hopes of making clear
the relations between the respective character of cultured pearl and the
site in which these pearls were formed. The results obtained are summarized
as follows:

In the site which was in contact with the retractor muscle, the nucleus

had a tendency to develop into “Tsunodama” or “Doroppdama”.
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In the place which was in contact with the lumen of byssus gland or
lavered muscular lameliae, the majority of the nulcei developed into “Kake-
dama”, while some of them grew up to be “kobushidama” or “Periostracal
pear!”.

In the place breaking mid-gut, the nucleus had a tendency to grow to
be “Tsunodama”, “Kobushidama” or “Periostracal pearl”.

The majority of normal pearls were formed in the place slightly remov-
ed from the retractor muscle within gonadal tissue.

Sites forming abnormal pearls such as “Konpeitodama”, “Ekubodama”,
“Chirimendama” or “Prismatic layer pear!” did not show much difference
as compared with those forming normal pearls.

T). Concerning the respective influence of the retractor muscle, mid-
gut, byssus gland and intestine of the operated oyster on the pearl-sac and
pear! formation, some histological investigations were carried out. The
results obtained are summarized as follows:

When the inserted pearl nucleus was in contact with retractor muscle,
a space was frequently formed in the interstice detween the nucleus and
the adjacent tissue of the retractor side, the space was generally filled up
with a large number of wandering cells during a short time after the nuclear
insertion. Most nuclel in this case were enveloped in pearl-sac epithelium
together with the wandering cells, and developed into “Tsunodama”.

The mid-gut seemed to exert no particular influence on the peari-sac
and pearl formation, if it was not damaged. If injured at the time of op-
eration, most nuclel ordinarily developed into “Tsunodama”, “Kobushidama”
or “Periostracal pear!” containing the necrosed tissue.

The byssus gland also seemed to exert no particular influence on the
pearl-sac and pear! formation, in so far as it was not damaged. If injured
at the time of operation, either a part or the whole of the nucleus was
covered by the epithelium derived from the wall of the lumen. Consequently,
“Kakedama” was produced in the former, and no pear!l was formed in the
latter. When necrosed following injury, “Kobushidama” or “Periostracal
pearl” containing the necrosed tissue seemed to be formed.

The intestine appeared to exert no particular influence on the pearl-sac
and pear! formation, when intact. But if it was injured at the time of
operation, the oyster seemed to die from the wound rather than to form

abnormal pearl.
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V). On the pearl-sac and pearl formation when a space was formed
between the inserted pearl nucleus and the adjacent tissue at the operation
of nuclear insertion, some observations were histologically attempted with
such a material. The results obtained are summarized as follows:

In the space formed hetween the nucleus and the adjacent tissue at the
operation, a large number of wandering cells appeared after a short time
of the operation. Thereafter, a delicate network made up of pseudopodia
of those wandering cells appeared in the space; the space transformed
gradually into the connective tissue originated from the wandering cells.

In the case when pearl-sac epithelium grew on the gonadal tissue outside
of the space before the space is completely transformed into the connective
tissue, the wandering cells crowding in this area were usually surrounded
by the pearl-sac epithelium. The abnormal pearl containing wandering cells
seemed to be formed in such a case.

When the space was already filled with the connective tissue prior to
the formation of pearl-sac, the pearl-sac epithellum formed a cover on the
border of the nucleus and the connective tissue. A superior pearl without
stain or projections seemed to be produced in such a case.

V). The mantle tissue of the Japanese pearl oyster is divisible into
the following three parts; (1) the edge of the mantle containing folds, (2)
the middle pert having no folds, and (3) ‘the portion known as mantle
cavity. The mantle piece from the middle part of the mantle is usually
inserted into the gonadal tissue of the pearl oyster together with pearl
nucleus. Some histological investigations were experimentally undertaken
on the pearl-sac and pear! formaion when the pieces from the three different
parts of the mantle as mentioned above were used for the operation of
nuclear insertion. The results obtained are summarized as follows:

The outer epithelium of each mantle piece was able to form the
raspective pearl-sac epithelia derived from each one around pearl nucleus.
However, there was some difference in ability of pearl formation among
those pearl-sac epithelia in the three cases.

In the pearl-sac derived from the piece of mantle edge, the prismatic
layer formed was generally thicker than those from two other different
pieces. In this case, pearl layer deposition was frequently not found even
in the investigations with the samples cultured for a half year after the

operation.
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In the pearl-sac derived from the piece of mantle cavity, the prismatic
layer was scarcely formed ; pearl layer produced was generally thicker than
that in the pearlsac from the piece of mantle edge, and thinner than that
in the pearl-sac from the piece of mantle middle-part.

Considering the above facts, the epithelial cells of pearl-sac derived from
a mantle piece seemed to keep the characteristic of the secretory faculty
which the piece exhibited in its original position in the mantle.

VI). The operation of nuclear insertion in the pearl culture using the
Japanese pearl oyster usually takes place during a period from early May
to late October. Even in that period, the physiological activity of the pearl
oyster varies with change of season. The different activity of the oyster
after the operation seems to influence for the early development in the
course of pearl formation. The present author investigated both the harvest-
rate and the quality in each group of the pearls which are produced from
the pearl oysters operated in several seasons at a farm in Ago Bay. The
results obtained are summarized as follows:

When the operation was made from early August to the middle Sep-
tember (season of the highest water temperature), both the mortality of
the operated oyster and the break-out rate of the inserted nucleus were
higher than those made in other seasons. That is, the harvest-rate of the
pearls which are produced from the pear! oysters operated in such a season
is lower than those in other seasons.

The gonadal tissue in the pearl oyster operated in the season of highest
water temperature was apt to be especially necrosed in comparison with
those observed in other seasens. When the necrosed gonadal tissue was
enveloped in pearl-sac epithelium together with pearl nucleus, the nucleus
generally developed into the abnormal pearl as “Tsuncdama”, “Kobushi-
dama” or “Periostracal pearl”. That is, the quality of the pearl which is
harvested from the pearl oyster operated in such a season was generally
inferior as compared with those operated in other seasons.

V). The present author attempted several investigations on the pearl-
sac and pear! formation in each case when the pearl nucleus was inserted

into “Rangai”*and “Kyuchu-kiseigai”#%. In addition to these investigations,

¥ The pearl oyster having much generative cells in gonad.
% The sick pearl oyster in which a trematoda, Bucephalus margaritae, lives in

the meat.
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the quality of the pearl produced from “Kokuhen-byogai”# was studied.
The results obtained are summarized as follows:

In the case when the nucleus was inserted into “Rangai”, most nuclei
tended to develop into the abnormal pearl with irregular extrusion con-
taining the free generative cells.

When the nucleus was inserted into “Kyuchu-kiseigai”, the rate of
appearance of “Konpeitodama” having small projections on the surface was
higher than that in the case of normal pearl oyster.

In the group of the pearls harvested from “Kokuhen-byogai”, the rate
of appearance of the abnormal pearl as “Kobushidama” or “Periostracal
pear]l” seemed to be higher than that in the group from normal pearl

oyster.

D). Discussion for the prevention of the formation of abnormal

pearls.

From the above investigations, it was recognized that some kinds of
abnormal pearls are able to withstand abnormal conditions during the
course of development by the artificial technics utilized in pearl production.
In order to prevent the appearance of abnormal pearls, the following
considerations are necessary in the course of pearl production.

1). It seems to be better that the operation of nuclear insertion is
performed on the pearl oyster when the free generative cells in gonad have
been decreased by the pretreatment called “Ran-nuki”#¥ or “Yokusei”
It seems undesirable to operate on the pearl oyster called “Rangai”, “Mizu-
gai” (containing much water in gonad), “Kyuchu-kiseigai” and “Kokuhen-

byogai.”

T). The mantle piece which is used for the operation of nuclear in-
sertion must be cut off correctly from the middle part of mantle tissue
secreting normal pearl layer. It seems desirable that the piece be cut to
the smaller square type.

). It seems desirable that the mantle piece which attaches to the

pear] nucleus being inserted into “Ukashi” be explanted at the mid-gut side

# The sick pear!l oyster in which the shell was attacked by several kinds of

polychaetes.

#oi Releasing artificially the generative cells in gonad.

% Repressing artificially the development of the generative cells in gonad.
g g g
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of gonadal tissue, and the piece into “Fukurc” at the intestinal-loop side of
gonadal tissue. If explanted to the retractor muscle side of gonadal tissue,
the piece is apt to form a pseudomorphic pearl-sac, in which “Tsuncdama”
is generally formed.

IV). The pearl nucleus must be inserted intc the place far away from
retractor muscle within the gonad, so as not to damage the mid-gut, byssus
gland or intestine. It seems desirable that the nuclear insertion is so manip-
ulated as not to produce physical or chemical stimuli to the gonadal tissue
in which the nucleus is inserted. The operation should be practised so as
not to allow a space in the interstice between the inserted nucleus and
the adjacent tissue.

V). It seems desirable that the operation of nuclear insertion be prac-
tised in the favourable season for the pearl oyster. In the latest Ago Bay,
the period from early August to the middle September is not suitable for
the operation.

VD). It is of no value to give various stimuli to the operated oyster
during the period from the operation to the harvest.
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