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ABSTRACT

Pearl Oysters of twenly species belonging to four genera of the
superfamily Pteriacea. and thirly eight other species of bivalves of
thirty-one genera belonging o sixleen superfamilies have been examined
to investigale the relationship between particular shell structures and

the tissues which secrete the precursors of their organic matrices.

A strictly descriptive nomenclaiure o adequately describe the
parts of the mantles. mantle margins. and shells of pear] oysters is

suggested based on morphology and histology.

Inadequacy of taxonomy of the Australian pearl oysters has been
revealed by this study. Shell ultrastructure and histology of the mantle

and mantle margins are used lo increase the number of species of the
genus Ancladsa.

A large number of the tissues and glands thought to be involved
in the secretion of the precursors of the organic matrices of the
different shell layers in the animals studied are described. and where
known, the roles of their secrelions discussed. In particular a delailed
hght and electron microcopic study of some pear] oysters from
Australian walers is presenied and forming organic matrices of Lheir
nacreous and prismalic layers are described and illustrated. The possible
roles played by the pallial blood sinus and the rami of Lhe cireum - pallial

nerve in pear! oyster shell production are discussed.
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1 1INITIAL AIM.

The initial aim of this project was to study growth and the control
of growth in pearl oysters, their shells and cultured pearls.

12, THE BIVALVE SHELL

The bivalve shell is composed of a protein rubber Hinge (Shadwick and

Gosline, 1983), joining two valves, each having one or more Shell Layers (Taylor,
1973).

Saleuddin and Petit (1983) stale the "mollusean shell is covered exlernally

by a thin, pliable. fibrous layer called the periostracum”.

This outer Shell Layer or “periostracum” is allegedly produced by the
Mantle Margin and reflected through nearly one hundred and eighty degrees and
hence comes to lie, with what was its medial surface now lateral. on the outer
surface of the shell (Stasek and McWilliams. (1973). Wilbur and Saleuddin. (1983).
Saleuddin and Petit, (1983). Waite. (1983)). Thus produced. the outer shell layer

necessarily covers the entire outer surface of Lhe bivalve shell unless abraded or
eroded or otherwise lost.

The inner Shell Layer of bivalve shells of more than one Shell Layer may

be coextensive with the outer Shell Layer. or may terminale proximal {o the shell
periphery (Wilbur and Saleuddin 1983).

In a shell with more than two Shell Layers. the middle Shell Layer or
Layers necessarily has or have a periphery somewhere between coextensive with

the outer Shell Layer and coextensive with the inner Shell Layer, (Wilbur and
Saleuddin 1983).

The Shell Layers mside the alleged periostracum of a multi-layered shell
are sild 1o be “composed of organic materials and ealeium carbonate crystals
oceurring mostly as calcile or aragonite”. (Watabe, 1984).



While the system of classification of these calcified Shell Layers varies
slightly from author to author. the classification used in this work is that of

Taylor, {1973). He used nine names lo describe the calcareous Sheil Layers of
twenty six superfamilies of the Class Bivalvia.

Taylor, (1973) described a primitive ancestral bivalve shell type
exemplified by the shells of several extant superfamilies including the Unionoidea.
This primitive shell type has three calcarecus Shell Layers - an ouler simple

aragonitic Prismatic layer oulside an Outer Nacreous Layer and an Inner
Nacreous Layer (Figure 1.1.).

lateral

aragonite Prismatic Layer

( [ [I_\“ aragonite Cuter Nacreous Layer

aragonite Inner Nacreous Layer

medial

Figure 1.1. Shell Layers in Unionoidea.

According to Taylor. (1973), every known bivalve, whether extant or from
the fossil record, has a shell which has "evelved” from Lhis primitive type by the
loss of. or alteration of, one or more of these three Shell Layers.

The bivalve used in this work as an example of Taylor's primitive shell
type is Velesunio embjeuus, iredale, 1934

Taylor (1973) lists seven evolulionary trends away from the ancestrat shell
condition. All the superfamilies to which the species used in Lhis investigation

belong. apart from Unionoidea. are on Taylor's evolutionary trends 1. 5. 6. and 7,

Only trend 1 need be considered immediately. Trends 5. 6 and 7 will be
given later in this Chapter. Taylor's work is fundamentally importanl to the

present investigation and il will be reviewed at length in Chapler 6



ANOMIOIDEA and PECTINOIDEA OSTREOIDEA

(Lost Outer Shell Layer). Simple Calcitic Prismatic
Layer

Foliated Structure (calcite). Foliated Structure {calcite).

Crossed Lamellar Structure (Lost Inner Shell Layer).

MYTILOIDEA. 4\;%7%]&\5570///

Mylilid Prismatic Layer Outer Caleitic Prismatic Layer.

(or non-calcareous Layer)

Outer Nacreous Layer (aragonite). Foliated Structure (calcite).

Inner Nacrecus Layer {aragonite). Crossed Lamellar Structure.

AN
PTERIOIDEA (pearl Oysters) and PINNGIDEA.
Simple Calcitic Prismatic Layer (calcite).
Outer Nacreous Layer (aragonite),
Inner Nacreous Layer (aragonile).
T
UNIONOIDEA
(Trilaminate Non-calcarecus Layer)
Simple Aragonitic Prismatic Layer
(aragonite).
Outer Nacreous Layer (aragonite).

Inner Nacreous Layer (aragonite).

Figure 1.2. Taylor's (1973) trend |. Taylor's diagram excludes the non-calcareous
outer Shell Layers shown here.

According Lo Taylor, {1973) pearl oyster shells derive from the primitive
condition by Lhe alteration of the outer calcareous Shell Layer from aragonite to

calcite Simple Prisms. The two medial Shell Layers. Outer Nacreous Layer and
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Inner Nacreous Layer, remain the same frem Unionoidea Lhrough Pterioidea and
Pinneoidea to the Mytiloidea.

Taylor's (1973) trend |. (Figure 12) illustrates the development by
alteration and loss of the three Shell Layers of the primitive Unionacean shell.
Only the outer Shell Layer is allered to give the Shell Layer array of the
Pterioidea and Pinnoidea, and through them it alters again to give thal of the
Mytilacea. On a side branch by way of 2 Aopeamussium like shell, the Shell
Layers of the Anomioidea and Peclinoidea develop by loss of the outer
calcareous Shell Layer and alteration of the iwo inner calcareous Shell Layers.
Conversely. according to Taylor (1973). the osireacean shell type develops by loss

of the inner Shell Layer and alteration of the middle Shell Laver irom thal seen
in the Pterioidea (and Unionoidea).

1.3, THE PEARL SHELL.

The pear! oysters, being members of the Superfamily Pterioidea, are said
to have shells composed of an external calcitic Prismatic Layer outside an Quier
Nacreous Layer and, medial to this. an Inner Nacreous Layer. (Taylor. 1973). As
above. according to this. the only alteration from the primitive condition of the
bivalve sheli to that of the pearl oyslers is the development of an outer caicitic
Prismalic Layer in place of an outer aragonitic Prismatic Layer  Taylor
disregards the "periostracum” or any other outer fibrous layer in his publicaiion

“The structural evolution of Lhe Bivalve shell” - a maller of great significance in
this study. (Taylor. 1973).



lateral
calcite Prismatic Layer

=

Outer MNacreous Layer

Vst
AN
L
\
”\

|

Inner Nacreous Layer

medial

Figure 1.3. The three Shell Layers of the pearl shell.

1.4.  FORMATION OF THE BIVALVE SHELL.

Saleuddin and Petit (1983). discussing formation of periostracum in
bivalves. describe an outer layer. middle layers and an inner layer. The outer
layer is said to be "denser” than the other layers and is shown as a fibrous layer
outside the forming Prismatic Layer. The "distended middle layer” is said to be
"continuous with the matricial top and bottom of the prisms”. These two layers
are said Lo comprise all the periostracum emerging from the periosiracal
groove". The inner layer (of periostracum) is said lo undergo morphological
changes "related lo lhe formation of layers of inilial nacre” and is said to be
added al the 'mantle edge’. Thus these authors have included as periostracum
not only an ouler uncalcified shell covering {Watabe 1984), bui organic matrix
structures of bolh the Prismatic Layer and the Nacreous Layer Lhus rendering
the term a misnomer and inextricably confusing what il describes with a large
part of what is also described by the term “conchiolin”. This confusing

terminology will be dealt with more fully in Chapter 2 - Nomenclature
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Extrapallial Space

~ MARNTLE

FIGURE 1.4. Mantle Margin and forming periostracum in Bivalves (after Saleuddin and
Petit, 1983).
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The generalised picture to illustrate the relationships between the sheil and mantle

in bivalves, as given by Wilbur and Saleuddin, (1983), is as foliows:

Fig. 1. Radial section of the mantle cdge of a bivalve 16 show the rof

shell 3nd muantle. (Nal 1o scale.) EPS, Extrapallial space; IE, wner epit
Lim, |

GL, outer epitheliur: OF, outer fold: P, periosiracum; P
PM, patal muscte; PN, pallial nerve; PR, prismatic shell tayer.

atignship between the

helium; IF, inner fold;
cogtudinal pallial muscle; M, mucous cell; MF, middle fald: NC, nacreous shetl layer;

G, periostracal groove; 24, pallial line;

FIGURE 1.5. Bivalve Shell and Mantle Margin { Wilbur and Saleuddin, 1983).
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Sateuddin and Petit's (1983) illustration for the mode of formation of the

periostracum and its involvement in formation of the Prismatic Layer and Nacreous layer

is given below:

/
b
. *, Il
ST o Lo

FIGURE 1.6. Formation of periostracum (Saleuddin and Petit, 1983). "Amblema. Light
micrograph of the cleaving periostracum. Lying between the outer (OP) and inner (1P}
periostracal layers is the distended middle layer (MP) which is continuous with the
matricial top and bottom of the prisms. . . . The vacuoles (V) and antrum (A) formation

precede prism formation.”

Waite's (1983) illustration of the cells involved in periostracun formation is as

follows.
minerolized shei
"'n.\

extropallial
space perigstracum

basel T gl . groove

FIGURE 1.7. Celis involved in periostracum formation (after Waite, 1983).
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All show a continuous layer of periostracum being formed in the most
lateral of the Marginal Mantle Grooves which is then reflected arcund the distal
extremity of the most lateral Marginal Mantle Fold to form a continuous sheath
or outer layer of the bivalve shell. However whereas Saleuddin and Petit (1983)
show the “periostracum” not only as an organic sheath on the lateral surface of
the valve bul also as the major if not sole component of the organic material of
the Prismatic Layer and also as an organic component of the “initial nacre”. no

such roles as the laller two are afforded the “periostracum” in the diagrams
taken from the other authors shown above.

However despite these apparenl contradictions. the generalised picture
from these publications of the structure of a bivalve shel} and the relationship of
the shell parts to the Mantle lissues that form them is as follows. The shell
consists of two calcareous layers inside a non-calcareous layer. The Mantle
Margin has three peripheral Marginal Mantie Folds and hence. between them. two
Marginal Mantle Grooves. The outer non-calcareous layer, "periostracum”, is
formed in the more Jateral of the two Marginal Mantle Grooves and reflected
around the outer Marginal Mantle Fold to form the outer layer of the shell. The
medial surface of the inner calcareous Shell Layer is joined to the External
Mantle al the Pallial Line. lhus enclosing the growing surfaces of the two
calcareous Shell Layers in a physically confined space - the Extra-pallial Space.
The growing surface of the outer calcareous Shell Layer. the Prismatic Layer, is
opposed Lo the lissue lining lhe dislal medial surface of the Extra-pallial Space.
le. Lhe Mantle Edge Cland. The growing surface of the Inner calcareous Shell

Layer. Nacreous Layer. is opposed to the Lissue lining the Proximal medial surface
of the Extra-pallial Space. (Figure 18.).



lateral

pl ——
n‘ T 7 - — - T - T v —3 \f
o IN__eps mea P
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medial

FIGURE 1.8. Generalised picture from above publications of formation of the
bivalve shell. F1.. F2. and F3. are the outer, middle and Inner Mantle Margin Folds
respectively, fp = forming periostracum; p = periostracum; meg = Mantle Edge
Gland; ps = Pallial Space; eps = Extra-pallial Space; plj = Pallial line Junclion; nl
= Nacreous layer; P.L. = Prismatic Layer.

No extant Bivalve Superfamily as described by Taylor (1973) quite fits this
picture. Further, the scenario is manifesily inadequate as there is no mechanism

given for growth of the shell proximal o the Pallial Line. This matter will be
discussed in Chapter 6.1.

19, FORMATION OF PEARL SHELLS.

Nakahara and Bevelander, (1971) described the formalion of ihe Prismatic
Layer of the shell of Anclads radiale and unequivocally attributed il to the
secretory functions of the "proximal region of the outer surface of the outer
mantle fold in the pallial space bounded exlernally by the periostracum”.
Further these authors in a series of diagrams describe how they believe the
layers of Prismatic Layer and also the Growth Processes (which they call "spurs”)
are formed by Lhe exlension and contraclion of the outer Marginal Mantle Fold
and secretion into the thus moulded periostracum of Prismatic layer by the
lateral surface of the outer Marginal Mantle Fold (Figure 1.9.),



Fig. 16A-D, This scrica of disgrami-ropresents our interpretation of tho important atepa that

occur in the formation of the prismatia layer (inoluding spurs) of P, radiata and illustrates the

relationship between the outer fold, the pérlostracum end the prisma. To stmplify the illustra-
tions, propartians of ‘the etructurey wers modifiéd alightly, A.” This®dlagram” ilfustrates a

completed single aeray of prisms locdtad between the auter fold and the porioatracum. Follotr:

ing the establishment of these prisms the mMantlo rotracts. P, Pariostracunt;! Pr./prlam’ airay ;.
O, outer fold. . Bhowing new relation of the diatal portion of the prlam layer now anveloped

on both upper aad lower surfaces by the pericatracum. O, outer fold. C. Mentls fold now in

~oxtended ‘jadition galn.’ Tha' fnasginal partion of newly-formed array) it anvelaped:byithe”
periostratum to form a new spur, The proximal pattion of the array is in’éontinuous contact

‘With the'mantle™gpithelium’ and undergoss ‘growth “siilat’ to’ proxinial “prianis: previonaly
formed. Also, prism formatian is again initiatéd in the nowly lormed space between the margin

of the auter fold end the periostracum. The formation of additional spurs consiat of a repétitlon

of the cycle A~+B-+0. 0.pr, growing prisma; 0, auter fold, Pr in, initiation of prisms; 8p, apur.

D. Structure of shell and wmargin of the mantla following the formation of several apure and

additional prisms located proximally to the apurs: Thess prisms Increnss in height which

reaults in & thickening of the priamatio layar. The periadic formation-of-additional proximal

' prisms also results In marginal growth .. "

Figure 1.9. Formation of Prismatic Layer of Pinctada radiata (after Nakahara and
Bevelander, 1971).

Dix. (1973), in Pincracda maxima, (Jameson. 1901). and Jabbour-Zahab et al.
(1992), in P. margaritifera  Linnaeus, 1758, and Garcia Gasca et al (1994) in P.
mazatlantca  Hanley, 1856, all describe the production of the "periostracum” in the
"periostracal groove" essentially in accord with the picture given above for the formation
of Prismatic Layer mside "penostracum” in Pinctada radiata,  (Figure 1.9}, and the

formation of shell in bivalves penerally. (Figure 1.8.).
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It has for many years been the basis of the cultured pear! industry that a
piece of Pallial epithelium inserted into an appropriate place in the same or a
different pearl oyster of the same species, along with a suitable nucleus, would
result in the growth around the nucleus of a "pearl sac” and the secretion of nacre
around the nucleus to form a cultured pearl, (Gervis and Sims, 1992),

From the foregoing it seems that Dix, (1973) in Pinctade maxima,
Jabbour-Zahab et al. (1992) in Pinctada margaritifera, and Garcia Gasca et al. in
Pinctada ma:zatlanica thought that the "periostracum" covered both the medial
surface of the Prismatic Layer distal to the Nacreous Layer and the lateral surface
of the entire Prismatic Layer. If this was the position then presumably it was
believer that (as in Figure 1.10.) :

1, the Inner Nacreous Layer was produced by the Pallial Mantle;

2, "periostracum” was produced by the cells of the "periostracal groove";

3, the Prismatic Layer was produced by the cells of the lateral surface of the outer
Marginal Mantle Fold; and

4, the Outer Nacreous Layer was produced by the equivalent in a pearl oyster of

the cells lining the proximal Extrapallial Space of other bivalves.

lateral

™ & W,

Figure 1.10. Relationships of pearl oyster and pearl shefl as described by
Dix,{1973), Jabbour—Za.hab et al. (1992) and Garcia Gasca et al. (1994). p =
periostracum, pg = periostracal groove. inl = lnner Nacreous Layer, em = External
Pallial Mantle. onl = Outer Nacreous Layer, pl'l = Proximal part outer Marginal

Mantie [Fold. PL = Prismatic Layer, mey = Mantle Edge Gland,
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Further. control of shell growth in Gastropods had been shown to be
hormonal (loosse and Geraerts. 1983), and this was also thought to be the
situation in Bivalves, {Waite, 1983).

The inherent contradictions in the usages of the terms “periostracum”
and “conchiolin”, and a preliminary examination of pear! oysters and their shells
raised serious doubts concerning some of lhese beliefs.  No “forming
periostracum” could be seen joining the Mantle Margin of pear] oysters to the
periphery of the valve. No "periostracum” as such could be discerned on the
owler surface of a pearl shell. The surface of the Prismatic Layer visible on the
medial surface of a pear! shell appeared to be different from the laleral surface
of the same piece of Prismatic Layer. Finally. Dix {1973). in his study of the
histology and histochemistry of the Mantle Margin of Anctads mavima had not
identified cells which could be readily equated wilth the “periostracum precursor”
secreting cells of Saleuddin and Petit (1983). and Waite (1983).

16, NECESSARILY ALTERED AIM OF STUDY.

Growth and the control of growth in pear] oysters could not be properly
studied until it was ascertained which tissues. cells and physiological svstems
were involved.

The more immediate aim of this work thus became an atiempt to
ascertain more certainly which tissues and glands were responsible for the
secretion of the Organic Matrices precursors of the Sheil Layers of pearl oyslers,
and the physiclogical control of them. Since peripheral growth of the pearl shell
means, in essence. growth of lhe Prismalic Layer. Lhis focussed attention on Lhe
Lissues and glands responsible for the secretion of the Organic Matrices of the
Prismalic Layer. Since increase in shell thickness is largely accomplished by an
increase in the thickness of the nacre, and the valuable layer of cullured pearls
is formed of nacre. these focused altention on Lhe lissues and glands responsible

for the formation of the Organic Matrices of Lhe Nacreous Layers.
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1.7, CLASSIFICATION OF BIVALVES BY SHELLS AND SHELL LAYERS.

Bivalves have historically and up to the present been classified largely on
the basis of shell characters (Hynd. 1955). Following the work of Taylor et al..
(1969). Taylor. et al.. (1973) and Taylor. {1973), Waller. (1978) used types of Shell
Layers as character stales in the construction of a cladogram for a new

classification of the Pteriomorphia.

1.8. CLASSIFICATION OF THE AM¢7404 IN AUSTRALIAN WATERS.

Hynd. (1955) reviewed the taxonomy of the Amclads in Australian waters
and concluded that they all belonged to six species:
Finctads maxima (Jameson 1901)the gold or silver lip pear! oyster:
£ mangariifera Linnaeus, 1758, the black lip pearl oyster:
P fucala (Gould. 1850) a rather smaller specles characterised by a relatively
strongly convex shell and sharply pointed Growth Process:
7 chempilzs (Philippi. 1849) which is a smallish pearl oyster with a light
coloured prismatic layer and relatively insignificani growth processes;
A maculala (Gould. 1850), which has whitish plaques on its external Prismatic
tayer; and
£ a/brpa lamarck, 1819, of which he. (Hynd) distinguished two sub-species -
# albina carchariarum (Jameson, 1901) which he says occurs from Shark Bay to

the Darwin area: and

£ albina sygillals (Reeve, 1857), which oceurs from Lhe vicinity of Darwin Lo the
Southern New South Wales Coasl.

£ aftma s the "baslard shell” of the pearling industry where it is regarded as
a fouling organism.

Hynd's review includes a "key” for establishing. almost totally on the basis
of shell struefures. the species of any pearl oyster in Australian waters Hynd

specifically dismisses soft tissues, with the exception of the &nal Funnel. as being
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of no importance in the classification of Australian pearl oysters.

1.9, RE HYND'S CLASSIFICATION OF THE A#¢7424 AND SOFT TISSUES IN PEARL
OYSTER CLASSIFICATION.

People working in the pearling industry on the North East coasl of
Queensland and in the Torres Straits have local common names for a number of
medium sized pearl oysters, which, in some respects. are similar to Amclads
fucata bul which they distinguish from them. and from "bastard shell” {which in
this area is Auclads albine syzillalg. This suggests that there may be additional

species whose shells are sufficienily similar to those of £ fvesfa for Hynd's key

to fail to distinguish them.

Further, preliminary investigation of small pearl oysters from Balgal Beach
fringing reefl strongly suggested that specimens which Hynd's key placed in the
specles fpclads albina sugillats might also belong to more than one species. [n
particular a type of pearl oyster with opaque silvery nacre. broad bands of
radiating light and dark colouration of its Prismatic Layer and a deeply notched
Byssal Groove was thought to be highly unlikely to be properly classified with
Anclada albina sysiliala as this latter has a relatively very transluceni nacre
with a suffusion of gold colour. relatively more diffuse colouration of Lhe
Prismatic Layer and a shallow and indistinct Byssal Groove. Il seemed likely that
pearl oysters of similar sizes and 'ages grown n near proximily and displaying
consistent shell diiferences of Nacre quality. Prismatic Layer colouralion, and
Byssal Groove structure belonged to different species.

[t appeared thal restricting Lhe bases of classification Lo those shell
characters used by Hynd was failing Lo classify, accuralely, in the firsl case,
middle sized pearl oysters similur Lo Znetads fucals, and i the second, a group
of smaller pearl oyslers similar to Fizclads afbina syeiiala Weiner el al (1983),
had found that nol only Lhe type of caleareous crystalline mineralisalion but,

even the orienlalion of Lhe cryslallographic axes were determined by Organic
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Matrices. Thus clear visual differences in Nacre may reflect chemical differences
in Organic Matrices.

further. if shell mineral structures are determined by Shell Organic
Matrices and these are produced extracellularly by combinalion of secreted
precursors (Waite, 1983). it seemed likely thal particularity of shell structures

would be reflected in an at least equivalenl particularity of Shell Organic Matrices
precursor secretory structures,

Thus both the adequacy of Hynd's classification and the exclusion of pear

oyster soit tissues from use in classificalion appeared questionable.

1.10.  INITIAL OBSERVATIONS - MICROMORPHOLOGY OF ORGANIC MATRICES OF ACID
DECALCIFIED PEARL SHELLS AND HISTOLOGY OF THE EXTERNAL MANTLES AND
MANTLE MARGINS WHICH SECRETED THEM.

(Material presented here in summary form will be fully presenied in
Chapter 5 and discussed fully in Chapter 6. It is given here in summary form to

give coherency to the experimental plan and lo make the choice of animals
intelligible).

[.10.1. Organic Matrices of Acid Decalcified Pear! Shells.

£10.1.1 Micromorphological study of acid decalcified pearl shells of Amctads
maxima. Fmalgarilifera, P fucala two P albina suyzilfala -like small pear)
oysters. as well as Aerma penpwn (Lamarck. 1819). and Aozmomon EPLIBDILIT
(Linneaus, 1758), rendered the published description of pearl sheli Prismatic
Layer formation untenable for all these species. wilh the exception of /2 /icala
on geometrical grounds. Bands of aberrani slaining in the specimens from /2

/weals indicaled thal Lhis species formed ils prismatic layer in Lhe same way as
the other species listed.
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1.10.12. No structure on acid-decalcified Organic Matrices of pearl shells could

be identified as likely to have derived from a periostracum recurving from a
Marginal Mantle Groove.

1.10.1.3. The Organic Matrices remaining after acid decalcification of pearl shells
from the above species had many structural features in common. However lhese
structural features and the overall micromorphology were species specific and
complex, consisting of at least seven identifiable different scleraprotein

structures in the Prismatic Layers of each species as well as the Organic Matrices

remaining from the Nacreous Layers.

1.10.1.4. Separate Inner and Ouler Nacreous Layers could not be discerned in

acid decalcified pear] shell Organic Mairices.
1.10.2. Histolegical examinalion of the External Mantles and Mantle Margins.

1.102.1.  The microanatomy was similar for all species of the Ancloda
examined. Both Alera penguin and  fsoznomon ephipprum  differed from the

Fnetaaa in having four Marginal Mantle Folds rather than three.

1.102.2. Twenly one discrete tissues were identified on the External Mantle and
Mantle Margin of any species of the /Fmeclacs examined and analogous tissues
occur al equivalent locations in all species of the Genus studied. Most of these
tissues were replicaled. some in the same and some in different loci. in Lhe

specimens from Lhe olher pearl oysler genera examined.

11023, Where umqueness and conslancy of shell fealures made species
identificalion certain. the delmled hislology of each of these lissues was found Lo
be rigidty species specific. This was true for all the species listed at 1.10.1.1.
above excepl for the specimens of the two # albma sysiliala - like species. Their
External Mantle and Mantle Margins histologies were as diverse as any two of the

olher species of Aaclada indicating that Lhey were different species.
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1.1024. The highly differentiated and complex tissues of the middle Marginaj
Mantle Fold and the lateral surface of the medial Marginal Mantle Fold of the
Finclada, and the equivalent loci on the third most lateral and fourth most
lateral Marginal Mantle Folds of the other pearl oyster genera examined strongly
suggested a role for these tissues in specific shell Organic Matrix scleroprotein
formation. The funclion given lo the secretion in the Marginal Mantle Groove
lateral to them denied them any such role. If it was forming periostracum then
after it had recurved around the terminus of the most lateral Marginal Mantle
fold to form the lateral surface of the shell any material secreted medial to it
would have been excluded from the shell (Figure 1.11).

lateral

z recurved periostracum

shell

F2. F3. excluded

Figure 1.11. Exclusion of secretory slructures of Middle and Media! Marginal

Mantle Folds from a role ip Shell Layer formation by recurving “forming
periostracum”.

11025 No histological siructures of the lateral surface of the oulermost
Marginal mantle Fold was of such a complexity so to give credence Lo its
published role as the source of {he precursors of the Prismatic Layer Organic
Matrices scleroproteins. (Nakahera and Bevelander, 1971).
L1026 The Circumpallial Nerve was located just proximal to Lhe apex of the
most laleral Marginal Manlle Croove in the Aimelads and 1n the same locus

relalive Lo the second most lalerg Marginal Mantle Groove in the olher pearl
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oyster genera in all species examined. and supplied branches to the secretory
tissues thoughout the Mantle Margin. The branches to the secretory lissues
rivalied in size lhe branches to the Maniie musculature. What appeared to be
concentrations of peripheral neurons occurred in the Circum-pallial Nerve trunk,
especially near the origins of lhe large branches to the secretory tissues of the
Marginal Mantle Folds. This. togelher with the destination of lhe branches
suggested a major role for the nervous syslem in shell growth regulation. This

contrasted with the current published material that shell growth was under
hormonal regulation. (Joosse and Geraerts. 1983).

In summary these initial investigations suggested that the classification of
the Australian Anclods was deficienl and the bases for their classification
inadequate. There was no adequate nomenclature available to describe either the
micromorphology of the shell Organic Matrices. nor for most of the discrete
tissues and identifiable secretory structures and glands of the Manlle and Mantle
Margin. Some existing nomenclature was both wrong and misleading. Published
mechanisms of shell formation in pearl oysters, especially of Prismatic layer
formation. accorded with neither the micromorphology of the pear] shells. nor
the histology of their Mantles and Mantle Margins. Physiological control of Mantle

and Manlle Margin secretory structures appeared to be largely neural rather than
exclusively hormonal.

The initial observations had shown many currenl ideas of pear] sheli
production lo be wrong. However the evidence. while it suggested a role in shell
formation for al least some of the secretory structures of the more medial Lwo
Marginal Mantle Folds. failed lo add specifically to the evidence from production

of cultured pearls. as to which tissues produced which precursors of which
Organic Matrices of which Shell Layers.
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.11 RELATIONSHIPS OF SHELL LAYERS IN DIFFERENT SUPERFAMILIES IN THE
BIVALVIA AND THE GEOMETRY OF SHELLS AND MANTLES.

A major source of difficulty in discerning the cellular sources of the pearl
oyster Shell Layer Organic Matrices precursors was the lack of physically discrete

compartments in which the growing surfaces of the Sheil Layers and the tissues
responsible for their growth were confined.

While no lwo Nacreous layers as described by Taylor (1973) could be
discerned in acid decaleified pearl shell Organic Matrices. the Nacreous Layers of
velesunro ambiguus clearly changed physical structure abruptly at the Pallial
Line. Further this species has a junction of External Mantle and the medial
surface of the Valve al the Pallial Line - thus Lhere is a physically enclosed space
- the Paillial Space - in which only one Shell Layer is generated. Necessarily the
precursors of the Inner Nacreous Layer must be secreted into the Pallial Space
by the Exiernal Mantle between the Isthmus and the Pallial Line. Further again,
the periphery of the shell of this species is adherent to the Mantle Margin. There
is thus another enclosed space, the Extra-pallial Space, into which the
precursors of the outer two Shell Layers must be secreted. and hence the

secrelory structures responsible must be located in tissues open to this space.
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Figure 1.12. Relalionships belween the External Mantle. Mantle Margim and Shell
Layers of the Valve of felesumo ambjouus F1.. F2. and F3. = outer, middie and
inner Mantle Margin Folds respectively; em = Pallial External Mantle; ps = Pallial
Space; plj = Pallial Line Junction; eps = Exira-pallial Space; inl = Inner Nacreous

Layer; onl = Quter Nacreous layer; PL = Prismalic Layer; ofl = Outer Fibrous
Layer.

Via Taylor's (1973) trend 1. the lwo Nacreous Layers of the Plerioidea are
supposed to be derived from those of a primilive Bivalve such as the Unionoidea
(Figure 1.2. above}. In the Plerioidea. since on initial observalions no connection
beiween the Mantle and the Valve could be seen distal to the region of the

Adductor Muscle, the geometrical relationships between the Mantie and the Valve
In pear] oysters is as follows;-
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lateral

F3

Figure 1.13. Relationships between the External Mantle. Mantie Margin and the
Shell Layers of the Valve of a pearl oyster. F1., F2. and F3. are the outer. middle
and inner Mantle Margin Folds respectively: em = External Pallial Mantle: in] =

Inner Nacreous Layer; onl = Outer Nacreous Layer; P.L. = Prismatic Layer.

In Taylor's (1973} trend 5. the Quter calcareous Shell Layer of the
Unionoidea, simple aragonite Prismatic Layer. is replaced by a composite
Prismatic Layer. The iwo medial Shell Layers - both Nacreous Layers - remain
the same as in the primitive condition.

Composite Prismatic Layer. (calcile)

NUCULOIDEA Outer Nacreous Layer. (aragonite).

Inner Nacreous Layer. {aragonite).

Aragonite Prismatic Layer.
UNIONOIDEA Outer Nacreous Layer. (aragonite).

Inner Nacreous Layer. (aragonile).
Figure 1.14. Taylor's (1973) trend 5.



In Taylor's {1973) trend 6. the sequence of alteration of the three
calcareous Shell Layers of the Primitive Bivalve shell are first to a shell as in Lhe
Genus Aazgpes which has an outer aragonitic simple Prismatic Layer, the Outer
Nacreous Layer is replaced by a middle Homogeneous Shell Layer. and within the
Pallial Line. a Shell Layer which is sometimes like Complex Crossed Lamellar
Layer. (Figure 1.15.). A further development to some Pholadoidea resulted in a
shell with an ouler Shell Layer of simple Aragonile Prisms. a middle Crossed
Lamellar Shell Layer. and an inner Shell layer of Complex Crossed Lamellar
Structure. The next step in this sequence is the loss of the outer Shell layer to

give the Gastrochaenoidean and Corbiculoidan shells with two calcareous Shell

Layers (Figure 1.15.).

GASTROCHAENOIDEA
CORBULOIDEA

some PHOLADOIDEA

!

FANOFEA

|

UNIONOIDEA
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Crossed Lamellar Structure.

Complex Crossed Lamellar Structure.

Simple Aragonite Prismatic Layer.
Crossed Lamellar Structure.

Complex Crossed Lamellar Structure.

Simple Aragonite Prismatic Layer.

Homogeneous Layer.

Complex Crossed Lamellar Layer.

Simple Aragonile Prismatic Layer
OQuter Nacreous Layer. (aragonite).

[nner Nacreous Layer. (aragonite).

Figure 1.15. Taylor's (1973) trend 6.

In Taylor's (1973) trend 7. which conlains most of the Heterodont Bivalves
the Lhree calcareous Shell Layers of the primitive bivalve shell are allered lo an

outer Compesite Prismatic Layer. a middle Crossed Lamellar Structure, and an
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inner Complex Crossed Lamellar Structure. These are the calcareous Shell Layers
found in the Tellinoidea and some Venercidea, {Figure 1.16). Further development
in this trend sees the loss of the Quter Prismatic Layer resulting in the Shell
Layers found in the Carditoidea and Mactroidea, (and also. according to Taylor,
the Limopsoidea and Arcoidea. (Figure 1.16.). The next sequence in this Trend
sees the degeneralion of these two Shell Layers into Homogeneous Layers as in
some Veneroidea, (Figure 1.16.).

VENERGCIDEA Homogeneous Structure,

Homogeneous Structure.

CARDITOIDEA,
MACTROIDEA, Crossed Lamellar Structure.
LIMOPSOIDEA. Complex Crossed Lamellar Struciure.
ARCOIDEA.
T Composite Prismalic Layer.
TELLINOIDEA, Crossed Lamellar Structure.
Some VENEROIDEA.  Compiex Crossed Lamellar Structure.
T Simple Aragonile Prismatic Layer.
UNIONQIDEA Outer Nacreous Layer.

Inner Nacreous Layer.

FIGURE 1.16. Taylor's (1973) Trend 7.

On preliminary investigalions. those of the above Superfamilies involved in
this study which, like telesunmio ambyuus have both an enclosed Pallial Space
and an enclosed Extra-pallial Space {Figure 1.12), are the Mytiloideans in Trend
I. the Gastrochaenoideans and Corbiculoideans in Trend 6. and all the

Superfamifies of Trend 7 - 1e.  the Teliinoidea, Veneroidea, Carditoidea,
Mactroidea, Limopsoidea, and Arcacea.
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Those Superfamilies where the Pallial Space and Extra-pallial Space are,
as in the pearl oysters, (Figure 1.13.), not physically confined are the Pierioidea,
Ostreoidea, Anomioidea. and Pectinoidea. all belonging Lo Trend 1. The Nuculoidea
of Trend 5 have a unique geometric configuration of Mantle Margin and valve
occasioned by the reflection of the Mantle Margin. Taylor, (1973). They have a
physically enclosed Pallial Space.

1.12. DECALCIFICATION AND ATTEMPTED SEPARATION OF SHELL LAYERS OF PEARL
SHELLS AND SHELLS OF OTHER BIVALVES USING WEAK ACIDS.

It had been observed thal the Nacreous Layers and Prismalic Layers of
pear! shells maintained al least their visual integrity afler decalcification with
weak acids. Since Taylor had described a large number of Shell Layer assemblages
in other bivalves with individual Shell Layers either similar to, derived from, or
similarly derived as the Shell Layers in the Plerioidea it was decided to study
their behaviour after decalcification with weak acids as well as the pearl shells,
As above, various of these Shell Layers had been formed inside enclosed spaces as

in  Yelesumo ambprus  and others under conditions similar to that in the
Pleriacea.

The major oulcomes of this work were a method for simultaneous acid
decalcificalion of the shells and fixation of lhe tissues and Shell Layer Organic
matrices of some bivalves. and some caulions concerning over-reliance on Shell
Layers in taxonomy. Since these have more lo do with planning the major part of
this study than being a part of it. this work is descrived here.

Shells of the unionacean /leesume smbisuus, the pinnacean Amna bicolor
Gmelin, 1791, the pterioidean pearl oysiers Aiclada mavima, P matearitifers, P
atbina  sugillala, Flerma pengun.  [sognomon 1sognomon  and  / epbippium
(Linneaus, 1758). the mytiloidean  Zwedompa firsula, (Lamarek, 1819). Lhe

pectinoidean dmusium plevronectes (Linneaus, 1758), Lhe ostreodeans
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Ostrea sp. and Saccosirea eclunata (Quoy and Gaimard, 1835), the nuculoidean
Nuveula suyperta  Hedley. 1902, a tellinoidean 72/ima sp.  the veneroidean
Gatrarium advaricalum  (Gmelin, 1791), the gastrochaenoidean Gastrochaena
cunerformrs, Spengler, 1783, and the arcoideans dnadara pilu/s (Reeve 1844),
and Jrisides lortuose (Linneaus, 1758). were subjected Lo acid decalcification and
attempted separation of Shell Layers using acetic acid added dropwise when

bubble production on the shell suriace ceased, wilh sucrose as a calcium removal
agent.

I. Decalcification of all species of pearl shell lested from the Genera
Fnctads, Fleria and [sagnomon if performed very slowly, eg. in 2% acetic acid
or weaker. with the careful release of the carbon dioxide bubbles which form
between the lateral surface of the outer Nacreous Layer and the medial surface
of the Prismatic Layer. results in a decalcihed entity in which the major
morphological features of the Shell Layer Organic Matrices appear intact visually,
Hopes that simple acid hydrolysis could be of use in freeing precursors from the
resultant organic matrices were abandened when gradual increase in acid
strength up to 107 acetic or hydrochloric acid failed to have any visuaily

perceivable effect on the decaicified organic residue from ihe decalcificalion with
2% acellc acid.

2. A similar procedure used on the valves of the oyster Sszccosires
ec/inala resulted in hydrolysis of the organic matrices of both valves - but the
most resistant parl of the shell was the lateral pari (Prismatic Layer according
to Taylor {(1973)} of the upper (right} valve.

3. A similar procedure used on Lhe upper and lower valves of Lhe scallop
Amusium preurenectes bt carried oub very slowly over several weeks resulled in
partial decaleification of the lower valve without total hydrolysis of the organic
matrices. and a similar resull with bolh Lhe inner (white) and outer {brown) Shell
Layers of Lhe upper valve, which were parled by Lhe process.  An allempl to

accelerate the process resulled in hydrolysis of the shell organic matrices. Other



28

results obtained with a similar procedure and the valves of differenl bivalve
species ranged from results similar to those obtained with the Plericidea to those
obtained with Lhe valves of 7us/dos forifvosa - here the shell organic matrices

hydrolysed under the gentlest conditions for effective decalcification.

4. In an attempt Lo prevent or slow down acid hydrolysis of the organic
matrices of Lhe shell layers while decalcification was attempted. they were first
fixed in an acid fixative, Marine Bouin's fixative (see Materials and Methods
Chapter 4), Acelic acid was then added very slowly until decalcificalion was
complete. This procedure was very effective for maintaining at least a visual
semblance of integrily of the Organic Matrices of some Shell Lavers in some

animals but failed to prevent disintegration or solubilizalion of others.

[n summary. the resulls of these preliminary investigations into acid
solubility of the Organic Matrices of Bivalve shells are;

1. Pre-fixation with Marine Bouins followed by gentle decalcification with
acetic acid ylelded a specimen of shell Organic Matrix capable of being used for
light microscopy which al least visually maintained the integrily of the Shell
Layers of pearl oysters and. to a similar or lesser exient. those of some other
bivalves. This technique ailowed for ihe fixation. sectioning and staining of the
whole animal and at least the major outlines of its shell Organic Malrices iz s7fv
for small bivalves with some particular Shell Layers.

2. That types of shell layer should. on their own. be used with caution in
assessing phylogenetic relationships was highlighled by the very different acid
solubilities of the organic matrices of Lhe Outer Prismatic lLayers of Seccosirea
echmale and Lhose of the Plerioidea vestigated; the differenl acid solubilities
of the organic matrices of the Foliated Structure Shell Layers of the Ostreoideans
from thal of Amusium plevronectes; and the differences in acid solubilities of
the Orgamic Malrices of Lhe Crossed Lamellar and Complex Crossed Lamellar Sheli

Layers of the shells of the Veneroidea. Tellinoidea and Arcoides.



29
1.13.  AVAILABLE AVENUES OF INVESTIGATION.

In pear] oysters. with lhe absence of physical compartments in which the
growing surface of a Shell Layer and Lhe tissues which secrete its Organic Matrix

precursors are confined, the three possible direct lines of investigation are :

I. To observe the growth of the She!l Layers.

2. To study the components of the Shell Layer Organic Matrices and the
histologies of the External Mantles and Mantle Margins which produced them.

3. To chemically split the Shell Organic Malrices of the Shell Layers to the
secreted precursors.

No peari oyster had been observed producing the Organic Matrices of their

Prismatic Layer. and the third option was probably chemically. for all practical
purposes, impossible.

Study of Shell layer components could indicate the degree of complexily
bkely to be found in the tissue source of the Shell Layer Organic Matrix
Precursors. Study of the tissues of the Mantle and Mantle Margin could indicate
the localion of secrelory tissues of sufficient complexity as lo be considered
likely to be involved in the production and/or the secretion of Shell Layer
Organic Matrix scleroprotein precursors. This approach. on its own, had led lo the
erroneous inlerpretations indicated above. Initial observations had already
indicated thal the erroncous descriplion of Prismatic layer formation of
Nakahara and Bevelander (1971). would have been avoided had these authors
studied the micromorphology of a sufficiently wide array of other species of the
Plerioidea.  This led to a constrainl on Lhe design of this work - where the
micromorphology of a Shell Layer was broadly consislenl across a range of taxa.
then the wider the spread of species for which the interpretation of the

formalion of Lhe Shell Layer was lenable the more likely was it Lo be valid in a
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particular case. Thus the grealer the number and variety of species of the

Pterioidea included in the study the more likely were the conclusions from their
study to be valid.

Taylor's {1973) work. while open Lo criticism in some respects, had shown
that the Shell Layer assemblages found in Bivalves were largely similar in the
groups into which they had been classified on other bases. This made it very
hikely thal Taylor's proposals were fundamenially valid - that is, thal there 1s an
evolutionary relationship between the Shell Layers seen in the different Bivalve
superfamilies. However before this relationship could be used for determination
of the sources of the Organic Matrix scleroprotein precursors of the Shell layers
of the Plerioidea, It was necessary that this relationship be placed on a sounder
evolutionary footing. Thal loo glib a use of Shell layer types on their own could
be a source of error was highlighted by Taylor's placement of the Limopsoidea
and Arcoidea in the Heterodonla via trend 7 - and then their replacement in the
Pteriomorphia by Waller (1978). even though he used Taylor’s Shell Layers in his
classification of the Pleriomorphia. It thus seemed prudent that if Taylor’s Shell
Layers were 1o be used as a basis for a comparative study between species which
secreted Shell Layers in discrete compartments and lhose with similar Shell
Layers secreted without compartments, that the histology of the secretory tissues
should also be demonstrably related as well as the Sheli Layers. before too much
reliance could be placed on the comparisons.

The major part of the problem of finding ihe tissues which produce the
pearl shell's Shell Layer Organic Matrices can be reduced to finding the tissues
which produce those of the Prismatic Layer. since the source of the precursors of
the Organic Malrices of the Inner Nacreous Layer are known from Lhe growing of
cullured pearls, and the source of those of the Outer Nacreous Layer must in all

likelihood occur on the Mantle or Mantle Margin in between the other two.
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1.14. SPECIES AVAILABLE FOR & COMPARATIVE STUDY OF THE TISSUE ORIGINS
OF SHELL LAYER ORGANIC MATRICES PRECURSORS IN PEARL OYSTERS
AND OTHER BIVALVES.

Taylor had hsted as a Bivalve Superfamily displaying the primitive
condition of outer aragonite simple Prismalic Layer outside two Nacreous Layers

the Unionoidea and from this Superfamily felesumio ambiruus was available.

For comparison. represenlatives of iwo Superfamilies from Taylor's trend
6 which lacked Outer Prismatic Layers were available. the corbiculoidean ¢e/vza

coaxaps, (Gmelin, 1791). and the gastrochaenoidean Gasirockaens cunerformis
Spengler. {783,

Available from Taylor's {1973) trend 7 for comparison with the primitive
condition of shell of Jefesumo ambjruus were the members of Superfamilies
where the Ouier simple Prismatic Layer had been replaced by a Composite
Prismalic Layer. lhe tellinoideans Je/ins sp and Ahpllods /ofiacea linnaeus.
1758, and also the veneroideans Josinsa sivenhs (Gmelin, 1791), Ciree drjpona,
(Reeve. 1864). Casrarium divaricatum. (Gmelin, 1791). 6 tumidum Roding, 1798,

Fracamen calophyllum Philippi. 1838, and Chobrvenus embrithes. (Melvill and
Standen, 1899).

As examples of lrend 7 t{axa wilhout outer Prismalic layers Lhe
carditoidean C(araila varrevals  Bruguiere, 1792, was available as were the
mactroideans Aaclra abbrevials. Lamarck, 1819, and Macira dissimilis Reeve,

1854, and the heterodont solenoideans Sv/en grandis Dunker. 1862, and So/en
vagma Linnaeus, 1758

Also placed by Taylor as parl of lrend 7 and also lacking an outer

Prismatic Layer the limopsoidean #edarmaca wireq Lamasck. 1819, was available
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as were the arcoideans doadara antiguala, (linnaeus 1758) dnadara pilule. Arce
aladdim,  (Iredale, 1939 as Aaweuls afaddin) Barbalium ampyedalumlostum,
(Roding 1798). #esocrbola fuana, Iredale. 1939, and Zrisvdos torfvosa. As above
this placement of these taxa amongst the heterodonl Bivalves was in dispule
(Waller. 1978). and so the Manlle and Mantle Margin histology of these groups as
compared with that of the Superfamilies of trend 7 with the same Shell Layers.
and more importantly, as compared with Lthe Superfamilies of trends with and
withoul the same Shell Layers was important both as a source of comparative

data and as a check on the validily of the assumplions on which the comparisons
were to be made. '

In Taylor's (1973} trend 5 the nuculoideans are shown as having one
change from the primitive condition - an ouler Composite Prismatic Shell Layer
instead of an outer Shell Layer of aragonile Simple Prisms. Live specimens of
Aucuts superba  were available as well as formalin fixed specimens of an

unidentified member of this genera - Avcw/s sp.

In trend 1 the alleration of the primitive Bivalve Shell Layers to those of
the Pinnoidea and the Pterioidea described by Taylor is that the outer aragonitic
Simple Prismatic Layer changes to a calcitic one. Available from the Pinnoidea
was /e drcofor Gmelin 1791, and from the Pterioidea the following: Amclads
maxima £ margariiifers. £ fucals, \wo other Amcisda similar n size lo 7
fuecala with very different growth processes and other features of their shells.
presumed differenl species and termed Aiclads sp/7 and Finclads sp.@ two
small purple shelled Ainciads again thought to be different species and termed
Fctade sp.k and  Fneleda spd Pochemmiz a species which may be /2
macuiale bub here termed Fnclada spd P albia suyzilfata and five pearl
oysters which are somewhat similar to this last but dislinctly differenl in various
ways termed Anclada sp6 Finclada sp 7 Finclada sp.8 Pinelads sp.d  and
Finelada sp /0 as well as Plersy pegoum  and Plera avewds and the

1sognomons  Sagnomen isqgnomon and foznemon ephppin, and  #Halleus alba.
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In trend 1 the Mytiloidea are said by Taylor Lo have either Mytilid Prisms
as an Outer Shell Layer or in some tropical mytilids the outer Prismalic Layer is
said to be totally lost. Available from the Myliloidea were Zwcthomps hirsula

(lamarck 1819) and the coral borers Aitophasa feres (Philippi 1846). and
Botulopa siicula mnfra Iredale 1939,

On another branch of Trend 1 Taylor placed the Ostreoidea and the
Anomioideaea and Pectinoidea. According to Taylor, the dsfres have botlh valves
consisting of Foliated Structure, a successor to the ancestral middle Shell Layer
of outer Nacreous Layer having lost bolh the Quter Prismatic Layer and the Inner
Nacreous layer. Apolissa hyotis (Linnaeus 1758) is alleged to have only one
Shell Layer as for Osirea sp. but Saccostrea echimala Quoy and Gaimard 1835,
has an Outer calcitic Prismatic Layer on its Upper (Right) Valve and 5 cuccultale
(Born 1788) has this plus similar Prismatic Layer on the raised Posterior Border
of the Botiom {lLeft) Valve as well. The anomiacean Alcune olacenta (Linnaeus
1758). is said by Taylor to have a valve composed of an Quter Crossed Lamellar
Shell Layer and an Inner Complex Crossed Lamellar Shell Layer. Taylor suggests
that this is also the siluation in the Pectinoidea but this is probably nol so in the
scallop Amusium plevronectes (Linnaeus 1758) which while it has two outer Shell
Layers in its Upper Valve appears to have only the Inner Complex Crossed
Lamellar Layer represenied in its Lower Valve. Another pectinoidean available for
study was the spondylid Spongv/us /emarcas (Chenu, 1845).

All the Superfamilies listed above in trends 6 and 7 have an inner Shell
Layer of Complex Crossed Lamellar Slructure which Taylor (1973} lists as a
successor to the ancestral Inner Nacreous Layer and oulside this a layer of
Crossed Lamellar Structure - the alleged successor to the ancesiral middle
(nacreous} Shell Layer. The Middle and Inner Shell Layers of Nuculoidea (Trend 4)
remain Nacreous Layers as in the anceslral condition.

i trend | the Middle and Inner Nacreous Layers of the Ancestral condition
are maintained in Lhe Pinnoiden and Plerioidea whose Mantles and Mantle Margins

are free distal Lo the Adduclor Muscle and also in the Mytiloiodea where the
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Pallial Space and the Extrapallial Space are physically confined.

While it had already been established that the same Shell Layers in different
Superfamilies may have chemically different Organic Matrices. it was thought that
the overall similarities in Shell Layer assemblages in closely related taxa was
indicative of an overall pattern of chemical similarity in similar Shell Layers. This
in turn was thought likely to be related to an overall pattern in similarily of

secreted precursers and the structures secreting them.

The group of Bivalves referred o above contained a wide variety of Superfamilies
classified as fairly remote from the pearl oysters (Waller. 1978). as well as
representatives of every available Superfamily in the Pteriomorphia where the
Mantle and Mantle Margin were. like in the pearl oysters. free. distal to the
Adductor Muscle. It also conlained an allegedly primitive freshwaier unionoidean
fer comparison. Further it conlained species where outer aragenitic Prismatic
Layer, outer Composite Prismatic Layer, the middle Shell Layer - Outer Nacreous
Layer, the Inner Shell layer - Inner Nacreous Layer. and the middle and inner
shell Layers allegedly derived from these were secreted in physically enclosed
compariments. The Organic Mairices of these Shell Layers. the iissues which
secreted their precursors. and the secretions. could be compared with the
Organic Matrices of the calcitic outer Prismatic layer. the Guter Nacreous Layer
and Inner Nacreous Layer of pearl shells, and the secretory tissues and glands

and their secretions on the External Mantle and Mantle Margin of pearl oysters.

1.15. PLAN OF EXPERIMENTS.

The External Mantle and Mantle Margin of twenty species of pearl oysters
(i.e. every species available) were studied under light microscopy (LM.) and the
same Lissues of eleven of Lhese under transmission electron microscopy. (T.EM.).
The decaleified Shell Organic Matrices of Lhese laller were sectioned, slained and
studied under LM.. and the Nacreous Layers and Prismalic Layers of Lheir valves
studied with scanning eleclron microscopy. (S.EM.)

The External Mantles. Mantle Margins and. where available, the decaleilied shell
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Organic Matrices of thirty eight species of non-pearl oyster bivalves were also
studied under L.M..

For LM.. where considered necessary. and possible, enlire animals together with
their decalcified valves were serially sectioned. In other instances sufficient of
each specimen was serially sectioned to allow of the building up of a three
dimensional piclure of the tissues and/or shell organic matrices.

1.16. ARRANGEMENT OF RESULTS.

This work is a comparative study of the tissues of Lhe External Mantle and Mantle
Margin of some pearl oysters and other bivalves -~ and an accompanying study of
the micromorphology of the shell layers of the same animals. The aim is to
determine the spalial. physical, chemical - and therefore likely physiological -
relationships of the discreie tissues and the parls of the shell organic matrices
scleroproteins resulting from the chemical combination of the precursors which
the discrete tissues secrele. it is a direct exiension of the work of Taylor (1973).
He showed thal the assemblage of shell layers found in bivalves allowed them to
be grouped inlo what he called “"evolutionary trends” away from an ancestral
bivaive shell layer assemblage. This work exlends this concept to the tissues
which secrete the precursors of the scleroproteins of the shell layers. It is thus
based on the notion thal the array of shell layer assemblages seen in bivalves are
a consequence of alleration away from an ancestiral bivalve array of tissues which
secrete the precursors of the ancestral shell layer assemblage. This dictates that
the Results be presenied. species by species in an order which the resulls
themselves determine. Thus the first animal illustraled is the example used with
Taylor's ancestral bivalve shell layer assemblage - /felasumio ambjeuus. Then
follows illustration of those non-pearl oyster species placed by Taylor in his
"Trend 1", The Nuculoidea and Pinnoidea are interposed belween these and the
pearl oysters for ease of comparison of the salienl leatures of each of these wilh
the taxa on eilher side. These are followed by the pearl oysters, and beyond
these. Lhe oyslers pectins arc clams and related taxa. This is so thal Lhe
similarities and differences of the shells and mantles of those placed before and
afler the pearl oyslers can be readily compared wilh them. Afler these are

placed those animals more remole from the pearl oysters taxonomically, to
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illustrate the scope of shell layer, (especially outer shell layer), making strategies
employed in the Bivalvia.

The work has seven major parts :-

I. A new and functional nomenclature, {see 1.18 ).

2. Species specificily of Mantle and Mantle Margin histologies of the Pinctada is
suggested as a basis for classification. {see 1 19).

3. Current nacre production theories are shown to be untenable for pearl oysters.

4. A method of nacre production in accord with the evidence presented in the
thesis 1s suggested.

9. The Plealted Secretion of Groove FIF2. is shown not Lo be “forming
periostracum” and another funclion is suggested for it; and therefore

6. The various published mechanisms whereby Prismatic Layer is said to be
formed in pearl oysters and some other bivalves are shown to be untenable for
pear!l oysters .

7. Tissues from which the precursors of the pear! shell Prismatic Layer organic

matrix scleroproteins are likely to be secreted are identified togelher with

evidence for the method of production of the Prismatic Layer Growth Processes.

The material presented in the Results has been selected so thal. where possible,
the same illustrations are useful for as many of the above as possible. Thus the
detalled Mantle and Mantle Margin histologies of Ainctads mewvima and 7
margaritifera and the similarly delailed shell layer micromorphologies from the

same regions of the same species serve as -

I Detailed examples of the species specificity of pear! oyster External Mantle
and Mantle Margin histology;

2. The most thorough demonstrations of the relationship between regional
differences in histology to regional differences in shell micromorphology.

3. The most thorough illustrations of Lhe source and nalure of the Pleated

secretion of Groove FIF2.,

4. The major part of the evidence re Lhe mechanism of nacre production,
as well as.

5. taking their place in the overall panorama of relalionships of shell Organic
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Matrix secreling lissues and the resultant shell layers seen in the bivalves

studied, (on which all major features of this work are based).

This last requires that the resulls are presented species by species and
these are arranged in an order which reflects the basis of this work in that of

Taylor (1973) with some modificalions determined by histological similarities in
the groups studied.

Some of the more imporlant comparisons available in the material
presented are indicated in the appropriate sections of the Results.

1.17. ARRANGEMENT OF DISCUSSION.

The discussion is divided into six seclions.

1, 1s a general consideration of the origin of Shell Layers in all the Bivalves
studied.

2. considers the evidence for two Nacreous Layers in the Pterioidea.

3. relates morphology of the Inner Nacreous Layer Lo opposing External Mantle.

4, considers the morphology of the Outer Nacreous Layer and the Histology of the
outer Marginal Manile Foid.

5. considers current iheories of formation of Nacreous Layers and suggests an
alternative theory of Nacre Formation in accord with Lhe data presenled here.
6. In this section current ideas of pearl shell Prismatic layer origin are assessed

in the light of the data presented here and a new Lheory which accords with
these data is suggested.

1.18. NECESSITY FOR NEW NOMENCLATURE.

This sludy of the External Mantle and Mantle Margin of pear] oyslers and
other Bivalves and their relationship to the forming Shell Layers of these animals
revealed numerous histological entities displaying particularity with respect to
location, morphology and slaining affinilies which were either not previously

desenbed. inadequalely described or assigned names which were either confusing,
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doublfully appropriate. or wrongly implied a function.  Similarly. the
nomenclature available to describe the morphology and micromorphology of the
shell parts was inadequate and in some cases seriously misleading. At its worst,
e.g.. in calling the secretory sheel ubiquitously seen in the lateral Marginal Mantle
Groove of the Ameladz  "forming periostracum”, the commonly used
nomenclature was nol cnly wrong bul its use was inexiricably interwoven with
long held and oft repeated wrong notions. Use of this nomenclature tended to
preclude the understanding of Lhe function of all the tissues of the Mantle
Margin.

The reporting of this work therefore necessitated the generation of a
nomenclature appropriate to the struclures to be deseribed. Previously used
terms which still had validity have been retained. Names which imply a
knowledge of function which is either wrong or in doubl have been eliminated and
replaced with names which form part of a nomenclature which is rigidly and
accuralely descriptive of morphology. or location. or. where universally
consistent, staining affinilies. or a combination of these. As the functions of the
tissues and glands are ascertained with ceriainty in the future. where
appropriate. functional names can replace descriptive ones.

The arrangement of the Results. with only partial descriplions of the
tissues and shell organic malrices of the species preceding the pearl oysters. and
the coherency of the nomenciature, made it an absolule requirement for the
presentation of the Resulls that the nomenclature be presented as a separate
chapter preceding the Resuits.

Since repeated usage over a long period of erronecus and ambiguous
nomenclature has played such a significant role in Lhe perpetuation of erroneous
notions of bivalve shell production. and since this Lhesis employs such a large
number of proposed new terms, throughout this Lhesis upper case will be used

for the first letter of all terms used as formal nomenclature.

Further, for clarily. anagrams will be used very sparingly and except as
specifically noted in the lext will be used only for Yighl microscopy, scanning
electron microscopy and transmission electron microscopy which are referred Lo
as LM SEM and TEM. respectively.
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1.19. SPECIES SPECIFICITY OF THE MANTLE AND MANTLE MARGIN HISTOLOGY 4S 4
BASIS FOR CLASSIFICATION OF THE GENUS PINCTADA.

The species specificity of the Mantle and Mantle Margin histology of those
pear] oyster species, where uniqueness and constancy of shell features makes
identification certain. is such that. where sufficiently detailed. the illustrations of
the histology of Anclads mavima given in the publications of Dix {1972.1973)
would serve equally as well as the illustrations used in this thesis for a
description of the histology of thal species. Similarly, again where sufficiently
detailed, the 1llustralions of the histclogy of £ margaritifers given by
Fougeropuse - Tsing and Herbaul {1994) from specimens collected in French
Polynesia would serve equally as well as those used in this thesis for illustraling
the histology of the Mantle and Mantle Margin of 2 margaritifers. The same
differences in histology seen in the publications of Dix (1972, 1973) ( Z maximd
and that of Fougerouse - Tsing and Herbaul (1994) (/2 marearitiferd are

demonstraled in the illusirations of the histologies of these two species in this
thesis.

Again. the species specificity of the Exlernal Mantie and Mantle Margin
histology with respect to sequences of tissues and staining affinities of the
component secretory glands of these different tissues is illustrated for four

different specimens of the pearl oyster 2 a/bine syzilfatain Fig. 5.141.

Thus species specificily of Lhe histology of the Mantle and Mantle Margin of

pear| oysters holds over decades in time and thousands of kilometres in distance.

This rigidily in species specificily in histology is to be expected in Llissues
which are involved in a funclion as intrinsically complex as the secretion of the
precursors of scleroproteins (Waile, 1983). - especially where the chemical
attributes of the resullant scleroproteins delermine not only the types of
calcareous mineralisalion deposited. {eg. caleile or aragonite), but even the
alligniment of Lhe crystatiographic axes. {Weiner et al. 1983). and therefore the

suceess or olherwise of the resulling shell Tayer as parl of a funclional shell.
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As a corollary, where there are gross differences in the histologies of the
mantle and manlle margins of specimens of pearl oysters they must necessarily
belong to different species. Otherwise the particularity of micromorphology of the
shells of pear] oyster species would have to be held to result from the
combination of secreted precursors from some mixture of secretory glands
resulting from the heritability of not only the physiological control mechanisms
bul also the location, relative frequencies and chemical nature of the products of

different types of secretory glands and/or different tissues such as those
iHustrated in Figure 5.142.

However the selection pressure in this case is not for any particular
sequence or combination of secretory glands bul for a functional shell. This
being so. any genetic change which resulted in an allered Mantle and Mantle
Margin histology which still produced an equally functional shell was selected for
equally. from this point of view, with selection for lack of genelic change.
Inevitably this has resulted in errors in classification in the pear! oysters where
geneticaily very different animals with very different histologies have produced

very similar shells, and gross shell morphology alone has been relied on, or given
undue weight, in classification.

Thus while It was possible for the Australian members of the Genus
FAnetadaie be classified into six species from a study of their shell features,
(Hynd. 1953). this classification is manifestly deficient following a study of the

glands and lissues responsible for the secretion of the precursors of the Shell
Organic Matrices.
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2.1. Introduction

Inevitably, matters will be referred to in this section which more properly
belong in Results. They will be given here only in as far as is necessary for a full

and coherent nomenclature and then formally presented in Resuls.

Previously used nomenclature of the morphology. anatomy and histology
of pearl oysters was to some extenl deficient and otherwise inaccurate or
confusing. A nomenclature has been devised which is rigorously descriptive and,
where appropriate, universa]]y applicable throughout the Bivalvia. Many of the
terms are In common use and are relained. Others have been devised to facilitate
the reporting of this work. Where the author found terms in common usage 10 be

inaccurate or wrong they have been dropped and replaced wilh accurate
descriptive terms.

Where nomenclature appropriate to species of the genus Aclada s
inappropriate for species of Aerra, fsasnomon or Malleus or bivalves olher than

pearl oysters in this study. a suitable nomenclature is given.
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2.2. SHELL MORPHOLOGY NOMENCLATURE.

Here, the terminology used by Hynd (1955) is adopted and. where
necessary, added to. The shell morphology described as a Lype for the Airclads
1s that of a young adult Awelads marearitifera The reasons for this choice are;
It is a commercial species found over a large range of the Indo-Pacific thus is
well known {Gervis and Sims. 1992): like most members of the Amec/ads it has a
byssus throughout its adult life (Hynd. 1955); and ils Hinge. Prismatic Layer and
Inner and Outer Nacreous Layers are moderate in morphology. (Hynd. 1955;
Fougerouse-Tsing and Herbaut. 1994). Where necessary for clarification or
comparison other species of pearl oysters will be referred to.

The orientation. by convention, of a bivalve, in this case £ margaritifera,
is shown in Figure 2.1.. The periphery near the Hinge is the Dorsal Border. The
Ventral Border is that opposile the Hinge. The Byssus projects to the Anterior and
the opposite border is Posterior. Thus the Right Valve is the one on the right of
any intacl animal (or pair of joined Valves) held with the Hinge horizontal and
Dorsal and the Anterior Periphery away from the holder. The opposite is the Left
Valve, (Fougerouse-Tsing and Herebaut, 1994).  The valves of Ainclads
margaritifera are nearly equal in concavity, have relatively large and similar
areas covered by nacre and are about equal in their antero-posterior and dorso-
ventral axes. {Figures 2.1, 582). Other species are not so regular and the

terminology used to describe their regularity or lack thereof is that used by Hynd
(1955).

Figure 2.1. Valves of Z marzaritifera. x 05 Lefl Valve on left. Right Valve on

right. D = dorsal; V = ventral; A = anterior; P = posterior; h = Hinge; bn = Byssal
Notch.
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The shell consists of three parts. The Hinge is composed of protein rubber
(Shadwick and Gosline, 1983) and joins the two Valves in about Lhe dorsal midline.
It consists itsell of three parts - dorso-ventraily shorl Anterior and Posterior
parts and a ventrally enlarged Middle Part. This latter occupies aboul the third
and fourth sevenths of the hinge going antero-posteriorly (Figure 5.82).

The calcified valves are themselves comprised of three parts - an outer

Prismatic Layer lateral to Outer and Inner Nacreous Layers, (Taylor, 1973).

Viewed laterally. the Byssal Noteh in Anctada mangaritifera is a large almost
right angle notch in the antero-dorsal parl of the border of each Valve. In

Valves with a hinge of 7em. length the Byssal Notch measures approximately Jem.
x 3em. (Figure 5.82).

The Prismatic Layer covers the entire lateral surface of a Valve unless
worn away or broken off. It also constitutes the entire periphery of the Valve and
forms a relatively wide band arcund the inner valve surface inside the periphery.

This Is because the Quter Nacreous Layer does not reach to the periphery of the
medial surface (Figure 5.82).

Viewed laterally. the Prismatic layer in a Ainclads marearilifera
specimen of this size appears to be covered by about twenty more or less
curvilinear (bul occasionally branching or joining) radiating series of blunt
distally pointing spines which are flaltened latero-medially. These radiate from
the Umbonal Region and the external spines of each series project beyond the
rest of the border of the Valve for about lem. These spines termed Growth

Processes are most prominent on the distal hall of the border of the Valve,
(Figure 5.82).

The widih of the Prismatic Layer on the media! surface of Lhe Valves of
the specimen described ranges from about lem. Anteriorly and |.5em. Ventrally

to about 0.5¢m. on the Dorsal hall of the Poslerior Border, (Figure 5.82)
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The Nacreous Layers. composed of medio-laterally flattened aragonitic
Nacre Tiles surrounded by Organic Matrix, and arranged in Nacre Sheets,
(Nakahara, 1991). cover the medial surface of the Valves wilh the exceptions of
the periphery. thal area covered by Hinge, and thal covered by the Adductor
Muscle Scars. {Figure 5.82).

In Anclada marparitifera and the gold lip form of Anclads mavima the
Ouler Nacreous Layer is more easily distinguishable from the Inner Nacreous
Layer by eye than by light microscopy (LM.) of the shell or seclions of decalcified

shell. The differences seen under scanning electron microscopy (S.EM.) will be
described in "Resuils”, Chapter 5.

The Adductor Muscle Scar is kidney shaped, its concavity directed towards
the byssal notch. It lies almost wholly in the posterior dorsal quarter of Lthe shell
medial surface. its most antero-ventra} point being approximately the bisection

of the dorso-ventral and antero-posterior axes of the shell (Figure 5.82).

The study of the shell of Anclada margariifers and indeed of all similar
bivalve shells by LM. and S.EM. have presented major problems of interpretation
and hence nomenciature which remain unresolved. In some cases SEM. of radial
broken surfaces dramalically clarified what had been a blurred suggestion under
LM In other cases fealures commonly and clearly seen in an array of related
species with stained radial sections of acid-decalcified shell Organic Matrices
under LM. have seldom been observed with SEM. of radial broken surfaces.
(Figure 5.96 c.f. Figures 5.97-5.99). For this reason an appropriate nomenclature
to describe features observed with stained seetions of decalcified shell of a
Pinctada, (P margaritiferd under LM. will be given, and then one applicable Lo
those fealures seen under SEM.. Presumably the features seen with SEM but
not observed or of doubtful morphology with L.M. are either Loo fine struclured
for the latter teehnique or were solubilized or damaged by decalcification. Those
features seen in LM. of decaleilied shells which have nol been observed under
SEM are either hidden by the caleium carbonate crystals or obscured by olher

material which is removed in Lhe process of decaleification.
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2.2.1. LIGHT MICROSCOPY OF ORGANIC MATRICES FOLLOWING ACID DECALCIFICATION,

2.2.1.1. Nacreous Layers.

Under LM. in radial section the decalcified and stained Inner and Outer
Nacreous Layers of Amclada margariiifera (or any species of the pear] oyslers
studied). are indistinguishable from each other. The entire thickness of the Nacre
seen sagittaliy 1s divided into irregularly spaced and sometimes anastomosing
strands of substance with a fine fibrous appearance, the fibres lying radially. {The
decalcified and stained Inner and Outer Nacreous Layers of the Nuculoidea
studied are physically separate; those of the Mytiloidea are physically distinct).

In Ainclada margaritifera (as in nearly all specimens of all species with a
caleitic simple Prismatic Layer outside Nacreous Layers). in radial seclion with
L.M.. small and sometimes isolated particles of Prismalic Layer material can be
observed between thicknesses of Nacreous Layer. These almost invariably increase
in size and frequency towards the distal extremity of the thicknesses of Nacre
Sheets they lie between, (Figures 2.2 and e.g. in Jagromon eokjppim. 5.152. a.
b and ¢), until they form the most proximal prisms of the continucus proximal
end of a layer of Prismalic Layer. i.e. a Growth Scale.

lateral
en
- peGS in

mediall

FIGURE R2. A mararitifera - Radial section decalcified Valve, Proximal end of
Growth Scale belween distal extremities of successive depositions of Nacre.

en = eariier nacre; In = later nacre, peGS = proximal end of Growth Scale;
MP = Maior Prism.
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2.2.12. Prismatic layer.

The long axes of the Prisms of the Prismatic layer are normal to the shell

surface, and being polygonal, {tending to hexagonal), in sagittal section. they
form a honey-comb pattern viewed laterally or medially.

The morphologies of the calcitic simple Prismatic Layers of pearl oysters
are species specific. The most obvious differences between the Prismatic Layers of

different species viewing stained radial sections is the degree by which the
successive Growth Scales are physically defined.

In Aleria penguin. viewed sagitially in radial section. the Prismalic Layer
consists of a number of elongate distorted spindle shaped Growth Scales partly

superimposed bul with each successsive medial one partially displaced distally.

lateral

GP1

= GP2 __ Gp3

Medial

FIGURE 2.3. Alerza penguin -~ Distal extremities of successive depositions of
nacre separating the proximal ends of sucecessive Growth Scales. nl.n2n3 =
successively later depositions of nacre respectively: GS1, GS2. and GS3. CP1. GP2,
and GP3 = Successively later laid down Growih Scales and Growth Processes
respectively.

rl‘.he proximal end of each spindle shape hes between the distal ends of two
strands of nacre. (Figures 2.3. and 6.59). The spindles increase in width owards
the middle and then taper toward their free, dislal exiremities where directed
towards the Valve periphery and slightly laterally. The free extremity of Lhe last

laid down (or at least a recent) spindle forms the actual periphery of the Valve.
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Viewed medially, (Figure 2.4.}. (this distorted spindle is the radial section
viewed sagitally). the Growth Scale. is a distorted horseshoe in the shape of the
Anterior Ventral and Posterior Borders of Lhe Valve at the time of it's deposition.
As above. ils proximal border lies between the wo depositions of Outer Nacreous
Layer immedialely preceding and succeeding ils deposition. The disial border is
thrown into somewhal irregularly shaped and placed protruberances, the Growth
Processes. The remainder of Lthe distal border is termed the Distal Free Border of
the Growth Scale. (Figures 2.4. and 5.142). Therefore the distal free extremity of
the spindles seen in the sagittal view of a radial section may be either Growth

Process or Distal Free Border of the Growth Scale depending on the location of
the radial section.

Growth Scale

b
=

nacre

a b
FIGURE 24. Growth Scale, a medial view. b, sagittal view of radial section.

Most Growth Scales of Aleria peneuin are covered lalerally for at least
part of their length. by a continuous. relatively thick. strong staining layer of
Organic Matrix - the Ouler Fibrous Sheath of the Growth Scale, and where this is
absent. by the Outer Prismatic End Plales. The Growth Scales of this species, as
for all species studied with this type of Prismatic Layer. have the medial surface
of their Growth Scales covered with an Inner Fibrous Sheath only for the distal
part of the Growth Scale - i.e. on medial view of the last produced Growth Scale.
this Inner Fibrous Sheath invariably terminates between the peripheral Nacreo-
prismatic Junclion and the distal edge of the Growlh Scale. Because of the
semelimes present continuous Outer Fibrous Sheath. and the normally present
Inner and Outer Prismalic End Plales. Growth Scales in this species, 1n radial

section viewed sagittally, usually appear as discrele well defined elongate
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spindles. (Figures 2.3 and 5.143),

In marked contrast, the Prismatic Layer of Ainclada fucala presents, in
sagittal view of a radial section, as a single layer of Major Prisms (q.v.) covering
the entire lateral surface of the valve (where not eroded). Structures analogous
to the pointed free extremilies of the spindles as seen in Alerva pengum (Growth
Processes or Distal Free extremities of the Growth Scales), arise without apparent
proximal physical continuation, (Figure 2.5.). That is. the Quter Fibrous Sheath
terminates proximally at the junction of the lateral surface of a Growth Scale

with the medial surface of the Growth Scale lateral to it (Figure 2.5. and 5.127,
a).

Lateral
‘L’:i‘sm\aticc LayW
——-_____-_h-_h-_-4 _d_"’//
i

Nacreous Layer

FIGURE 255. Aipclads fucals -FPrismalic Layer. GP = Growth Processes.

All members of the genera Anclada Pleria fosmomon and Malleus
studied have Prismatic Layers whose overall struciure falls in between the two
extremes of Alera penguin and Finctads fucala

The Growth Scales of Anclada margaritifers have. like Alera pensuim
but unlike Anclsds fucala Proximal Borders which commence between the
distal parts of two thicknesses of Outer Nacreous Layer (Figure 2.6).

Viewed radially. this may or may not continue distally as a discrete
spindle bordered laterally by the Outer Fibrous Sheath. (Figure 5.93. b). Where
there is no Outer Fibrous Sheath over Quter Prismatic End Plates, {Figure 5.97.a),
on the laleral surface of any Growth Seale and the Major Prisms (q.v.) continue
across the boundary of successive Growth Scales. the Prismatic Layer of /2
margariifera is analogous in structure Lo Lhe Prismatic Layer of Anctads fucala
. where each of the spindles has an Outer Fibrous Sheath or where Lhe Major

Prisms of a Growth Scale have Outer Prismalic End-plates il has the appearance
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of Pleria pengwn (Figures 5.93. b. and 5.97, b and ¢).

The lateral surfaces of all Growth Processes of Zuclada marsaritifera are
covered by a thick fibrous sheath - the Quter Fibrous Sheath of the Growth
Process, (Figure 595, d. e. f and g). The distal parts of the medial surfaces of the
Growth Processes are also covered by a fibrous sheath which is less robust than
that which covers the lateral surfaces. This is termed the Inner Fibrous Sheath of
the Growth Process, {Figure 5.94 b. ¢ and d).

Lateral

Growth Process

Medial
FIGURE 2.6. Prismatic Layer of Aictads Hargaritifers.

Prismatic Layers of ihe Plerioidea sludied stain predominantly a certain
colour, but bands of different colouration ocecur. mvariably tracing out the shape
of & Growth Scale lateral surface in a plane medial and paraliel to the Outer
Fibrous Sheath in Valves of Alera penguip like construction, or Lo where the
Outer Fibrous Sheath of a Growth Scale would have continued proximal to the
Growth Process were the Valve of Aeria pensun like construction, ( Anclada
maxima Figure 5.40 ¢; £ margaritifera Tigure 597, a and b, £ fucala Figure
0.127 a; Pleriz pengum, Figure 5.143).

A Major Prism is the single prismalic structure with polygonal. commonly
hexagonal. oulline in sagitlal section which occupies the space between Lhe Outer
Fibrous Sheath of a Growth Scale and the medial physical termination of that

prismatic structure. This medial termination may be Lhe medial surface of thal
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Growth Scale. the lateral or medial surface of a Growth Scale medial to it, or the
medial surface of the Prismalic Layer al the radial Nacreo-prismatic Junction,
and whether fibrous or not.

A Major Prism {under LM.} consists of an Outer Prismatic End Plate. Inner
lateral Struclure, Parallel Transverse Prismalic Side Walls. Intra-prismatic

Organic Matrix, and sometimes an Inner Prismatic End Plate. (Figures 5.40, and
5.97-5.99).

Lateral
opep
4 /
ils
tpiom
ipom
ipep

Figure 2.7. The Parts of a Major Prism with LM.. opep = Outer Prismatic End
Plate; ils = Inner Lateral Structure, ptiom = Paralle] transverse Inter-prismatic

Organic Matrix; ipom = Intra-prismatic Organic Matrix; ipep = Inner Prismatic
End Plate,

An Quler Prismatic End Plate is a membranous structure covering the
lateral end of a Major Prism or Growth Process Prism (Figure 5.99 d. and 5.97, b).
The Inner Lateral Structure is an ill-defined Organic Matrix sub-structure in the
lateral end of the Major Prism. Where the Organic Matrix of the Inner Lateral
Structure Joins the Outer Prismalic End Plate this results, in lateral view. in a
lead-light window pattern. (Figure 5.99. a. b, ¢ and d). The Transverse Parallel
Side Walls, which are common o adjacenl Prisms, are composed of louching
parallel straps of Organic Malrix which join those of adjacent Prismatic Side Walls
in a swelling. They predominantly stain one colour but bands of aberrant staining

have occurred in any Prismatic Layer examined (Figures 5.97 - 5.99).
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The Intra-prismatic organic malrix invariably exists as a wispy and
usually collapsed structure lying within each Prism which stains distinctly
differently - shades of blue o dark blue/grey - from the other remaining
Prismatic Organic matrices, (Figures 597. d and 598 ¢ and d). It will be
described more fully under the section on Nomenclature of structures seen in the
Prismatic Layer with SE.M.

The Inner Prismatic End Plates differ from Outer Prismatic End Plates in
structure in that they commonly have three or four lighter staining etliptical
areas which lie so that the long axes of the ellipses are parallel. as distinet from
the lead-light appearance of the Outer Prismatic End Plates.

<.2.2. SCANNING ELECTRON MICROSCOPY OF PEARL OYSTER SHELLS

2.2.2.1. Nacreous Layers.

SEM. of the Nacreous Layers shows them to -consist of numerous
individual medio-laterally flattened tablels, Nacre Tiles. which occur in more or
less parallel Nacre Sheets. (Figures 5.85 - 5.91). The thickness of the Nacre
Sheets may depend on species and position on the shell.

in medial view, although the Nacre Tiles in the Nacre Sheets tends to a
rough hexagonal shape. (medio-laterally), they are in fact polygonal and usually
irregular. The Nacre Tiles in the edges of the Nacre Sheels are less tightly
opposed to each other than Lhose furlher from the edge and tend lo have an
cutline of some regular geometric shape. Depending on species, and lo a lesser
extent position on the Valve, these geometric shapes may be a regular hexagon,
an elongale hexagon, diamond shape. truncated diamond shape or truncated
orthorhombie shape. These are lhe Parlly-bound Nacre Tiles. Beyond the Edge of
the Nacre Sheet {and therefore resting on the Bound Nacre Tiles of the next most
lateral Nacre Sheel) there are Free Nacre Tiles mvariably of Lhe same geometric
shape as the Partly Bound Nucre Tiles adjacent to them. These Free Nacre Tiles

decrease in size with dislance from the Edge of the Nacre Sheet, Pigure 2.8. and
Figures 5.85 - 590).
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Figure 2.8. Diagrammitic representalion of S.EM. of Pear! Shell Nacre. Nacre
Sheels and Bound., Partly-bound and Free Nacre Tiles.

2.8. a, medial view,

2.8. b. sagitlal view of radial broken surface.

bn = Bound Nacre Tiles; pb = Partly Bound Nacre Tiles: f = Free Nacre Tiles: P =
proximel; D = distal; M = medial; L = laleral
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Also depending on the species and the part of the Valve examined. the
Edges of the Nacre Sheets may describe concentric circles, spiral structures,

curvilinear structures or parallel lines, (Figures 2.9, and. 5.85 - 5.90}.

@6 p |

a b C d
Figure 2.9. Patterns of Edges of Nacre Sheels. a. concentric circles; b, spiral

structure; ¢, curvilinear structure; d. paralle] lines

Where radial broken sections are viewed sagittally. the Nacre Tiles in
consecutive Nacre Sheets commonly are displaced distally similar distances from
the equivalent Nacre Tile in each successive Nacre Sheet so that they appear to

form a regular stepped pattern - a Nacre Stalr (Figures 2.10, and 591, ¢ and d)

r 1
[ _J
| ]
(I 1__1
|
— — 1

Figure 2.10. Pearl Oyster Nacreous Layer. Sagittal view of radial broken surface.

Nacre Stair.
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2.2.2.2. Prismatic Layers.

S.E.M. of the Prismatic Layer of pearl oysters confirms that the lateral surface
of the Growth Processes and part or all of the Growth Scales proximal to the Growth
Processes (depending on species) are covered by the Quter Fibrous Sheath., This

demonstrates unique features in some species and may well prove to be species specific.

Medial to the Outer Fibrous Sheath, each Prism, whether of Growth Process
or a Major Prism, is covered by the Outer Prismatic End Plate. These are of different
patterns in at least some different species and again may be species specific. These
patterns range from concentric circles in one species 10, in another, a pattern of roughly
isosceles triangles with their apices at about the geometric centre and their bases the
sides of the polygon of which the prism end is made - a spider web like patiern, (Figure

2.11.).

Figure 2.11. S.E.M. of Outer Prismatic End Plates.

The Inner Lateral Structure which is clearly visible in all radial sections of
Prismatic Layer of decalcified pearl shel! is difficuit to identify under S.E.M. (Preria

penguin Figure 5.145),

Similarly the Transverse Parallel Side Walls- the major feature of decalcified
pearl shell Prismatic Layer (Pinctada maxima Figure 5.40, P. margaritifera, Figures
5. 97 - 5. 99) -have rarely been clearly identified with S.E.M. of radial broken surface
of pearl shell Prismatic Layer. What appeared to be Transverse Parallel Side Walls
was seen on the radial broken surface of a pearl shelt largely destroyed by a boring

sponge, (P. maxima Figure 5.44).
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In all other specimens of radially broken surface of Prismatic Layer one.
or more often. more than one of three structures was seen - the Intra-prismatic

Organic Matrix. the Reteform Inter-prismatic Organic Matrix and/or the Linear
Pattern Inter-prismatic Organic Matrix.

The Intra-prismalic Organic Matrix of a Major Prism is a series of parallel
sheets in planes at right angles to the long axis of the Major Prism. perforated in

three dimensions to present a netlike appearance from any aspect. and dividing
the Major Prism into numerous compartments. (Figure 2.12.).

In each of these compartments is a moderately thick calcite tablet.

This material of which the Intra-prismatic Organic Matrix is made is very
similar to. and may be the same as. the most commonly seen of the three

different types of Inter-prismatic Organic Matrix - the Reteform Interprismatic
Organic Matrix.

ipie

Figure 2.12. SEM., Sagittal view of radial broken surface of pear! shell Prismatic

Layer. Ipie = Linear Pattern Inter-prismatic Organic Matrix: rie = Reteform

Inter-prismatic Organic Matrix. ja = Intra-prismatic Organic Malrix; opep =
Outer Prismalic End Plate of a Major Prism.
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Most commonly seen on the walls of Growth Process Prisms and less
commonly on the walls of Major Prisms is a sheet of Interprismatic Organic
Matrix with a patlern of folds which run parallel to Lthe long axes of the Prisms -
the Linear Pattern Inler-prismatic Organic Matrix. { in Awclads mavima Figure
5.39). It is believed that this structure lies belween the Reteform Inter-prismatic
Organic Matrix and the Transverse Parallel Side Walls seen under LM. of

decalcified pear! shell Prismatic Layer. The lalter are common to adjacent
Prisms. (Figures 5.97 - 5.99).

The Inner Prismatic End Plates which are commonly seen on LM. of
decalcified pearl shell Prismatic Layer are usually unclear on S.EM. where it is

difficult to distinguish mineral phase from Organic Matrix on the uncovered end
of Major Prisms.

The medial surface of the distal part of lhe Growth Scales and the medial
surface of all Growth Processes are covered with a relatively fine textured Inner
Fibrous Sheath (in Anclada maxima. Figures 534. c. and 5.40. b). lacking the

small protruberances which are a feature of the Outer Fibrous Sheath.

Covering the distal surfaces. {most commonly the medial surface). of
many Growlh Scales is an apparently detrital material which. like the OQuter
Fibrous Sheath, bears small protruberances (Figure 592. a and b). This is thought
to be the detrilal remains of the Pleated Secretion of Groove FIF2.. (Figure 5.110,

a and b). This delrilal maleria! appears lo serve little or no structural function.

Only confusion is added to the picture by relerring to any of the above
structures as "Periostracum” or “Conchiolin” and for this reason neither of Lhese

confusing and abused terms will be used lo deseribe any structure in this work.
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2.3. EXTERNAL MANTLE AND MANTLE MARGIN NOMENCLATURE.

2.3.1. ANATOMICAL NOMENCLATURE. Unless otherwise stated the description is of
Ainctada margarilifera.

Inside the Valves the right and lefl lateral surfaces of a pearl oyster are
covered by the lissues of the External Mantle and the Anterior. Ventral and
Posterior periphery of the Mantle bear the Folds of the Mantle Margin.

2.3.1.1. Anatomical Nomenclature of the External Mantle.

Where the righl and left Mantle Margins join at the antero-dorsal and
postero-dorsal corners of the animal the junctions are referred to as the
Anterior Mantle Symphysis and Posterior Mantle Symphysis respectively.

Figure 2.13. Analomy of Left Exlernal Mantle and Mantle Margin of Anclada
malgaritifera, lateral view A = anterior; P = posterior; D = dorsal; V= venlral: a
= Anterior Mantle Symphysis; p = Posterior Manlle Symphysis; i = Isthmus; s =
Shoulder Region, am = Adduclor Muscle; pg = Pallial Gland Region; dfe = Distal
Folded Region. mm = Mantle Margin, 1 - 9 = Proximal. Middle and Distal.

Anterior, Ventral and Poslerior Pallial Regions respeclively.
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The raised ridge of tissue occupying the dorsal midline and joining the
Anterior and Posterior Mantle Symphyses is the Isthmus.

For reasons of histological differentiation. the area bounded by the
Isthmus dorsally. the dorso-anterior concavity of the Adductor Muscle ventrally,
and the line joining the Anlerior Mantle Symphysis to lhe most anterior point of
the Adduclor Muscle, and the perpendicular from the dorsal point of the Adductor
Muscle to the Isthmus, together with the oppposing Inner Nacre of the Valve and
the intervening space, is referred o as the Shoulder Region.

Viewed laterally the Anterior. Veniral and Posterior borders of the
Adductor Muscle are surrounded by an area of Mantle which appears silvery to
the naked eye. This is because of the sirong sheet of subepithelial connective
tissue which separates the surface epithelium of this region from the dense layer
of secretory glands, the Pallial Gland. beneath it. This area and the opposing

Inner Nacreous layer and the iniervening space is ihe Pallial Gland Region
(Figure 2.13).

The Pallial Region is thal part of the Exlernal Mantle epithelium and
Subepithelium, the opposing Inner Nacreous Layer and the inlervening space
between the Pallial Gland Region proximally and the Distal Folded Region (q.v)

distally (Figure 2.13.). This is divided into nine region to accord with the nine
divisions of the Pallial Mantle.

The Distal Folded Region refers lo that area of the External Mantle and
opposing Nacreous Llayer and inlervening space roughly lateral lo the
Circumpallial Nerve and characterized by more or less deep outfoldings of the
Mantle in and about the region occupied by the Pallial Line in those Bivalves

where the distal External Mantle is physically joined Lo the medial surface of the
Valve.
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2.3.1.2. Mantle Margin.

Distal lo the Distal Folded Region are the structures and tissues of the
Mantle Margin.

In the genus Amelads there are three Marginal Mantle Folds while in the
genera Aleria [sggnomon and #alfeus there are four. However the structures
and the resultant Plealed Secretion, (Figure 2.18). of the apical region of the
Groove belween the outer and middle Marginal Mantle Folds of the Aclads are
very distinctive and a!l remarkably similar. They are also very similar to the
structures and the secretion of the apical regions belween the second from the
outer and third from the outer Marginal Mantle Folds of ail species of Alerva
fsagnomon and Malfeus studied. (Figures 5.147. 5148, b. 5,149, ¢. 5.150. a and b,
5153, ¢ and d. 5.154.b}. For these and other reasons more fully described later
(Chapter 6.1). the three Marginal Mantle Folds of the species of the genus
Finclads are termed. from without inwards, FoldF1. FoldF2., FoldF3.. and the
Marginal Mantle Folds of the species of Alerva foenomon and #elews studied
are, from lateral to medial, FoldF1., Ancillary FoldF1., FoldF2.. and Fold F3.. The
Folds are routineiy referred to as F1.F2.F3.. eic.. and the words lateral and
medial reduced to Lat and Med when used in conjunction with FI.F2. etc to
dencte a Region. Thus Middle LatF2. is read as the middle part of the lateral
surface of the Marginal Mantle Fold second from the lateral surface and.
depending on usage. may apply to surface secretions, surface epithelium,

subepithelial connective lissues, subepithelial secretory glands. nerves, sinus, ete..
(Figures 2.14 and 2.16 - 2. 20).

lateral lateral
F1
E2 Fe
F3 €3
a h

Figure 214, Radial Section of the Mantle Margins of a. Amclada and b, Plera.
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The Marginal Mantle Folds are then further subdivided on anatomical grounds into
LatF1., MedF1. (Lat Ancillary F1.. Med Ancillary F1.) LatF2.. MedF2.. and LatF3.. and
further subdivided on histological grounds into lissues, (see below).

The perjorative lerms "Shell Fold", “Sensory Fold” and "Muscular Fold” are
considered both inaccurale and misleading and hence are not used in this work.

In the Osireordes, (Genera Hyolissa, Osirea and (rassosired. there are
four Marginal Mantle Folds {"Results” Chapter 5). because of bifurcation of Fold
F2.. In all other Bivalves studied there are between two and five Marginal Mantle
Folds and their funclions in shell formalion and relationships lo the three

Marginal Mantle Folds of the Aemisdes where known, will be described in the
appropriate Chapters - ie. 5 and 6.
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2.3.2. HISTOLOGICAL NOMENCLATURE OF THE EXTERNAL MANTLE AND MANTLE MARGIN.

Included under this heading are the names given to tissues and cellular
structures. glands and secretions of the mantle and Mantle Margin.

2.3.2.1. The External Mantle - Tissues.

Lateral
ventral
10
7 a8 9
aVaval

2 5
3__1 4F6’
D1

Figure 215 Tissues and Regions of the External Mantle of the Finclads | =
Isthmusistic Epithelium; 2 = Shoulder Region: 3 = Shoulder Gland: 4 = Adductor
Muscle; 5 = Pallial Gland Region; 6 = Pallial Gland; 7 = Proximal Pallial Region; 8
= Middle Pallial Region: 9 = Distal Pallia] Region; 10 = Distal Folded Region.

The Isthmusistic Epithelium consists of elongate columnar epithelial cells
which cover the dorsal surface of the Isthmus for its entire length and extend

down its lateral surfaces paratleling the extenl of the overlying Hinge
enlargement, (Figure 5.100)

The Shoulder Epithelium is the surface epithelium lining the External
Mantle in the Shoulder Region.

The Shoulder Gland is Lhe densely glandular Subepithelium of the Shoulder
Region.
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The Pallial Gland Region Epithelium is the surface epithelium lining the
External Mantle of this region and the Pallial Gland is the densely glandular
Subepithelium.

On histological grounds the Pallial Region is divided into nine Regions- the
Proximal. Middle and Distal. Anterior. Ventral and Posterior Pallial Regions and

the relaled surface Epithelia and Subepithelia are named accordingly. (Figures
5102, 5.116, and 5.121).

The Distal Folded Region is similarly covered by the Distal Folded
Epithelium and the Distal Folded Region Subepithelium describes both the

subepithelial secretory glands of this Region and the relaled system of sinus,

muscles, nerves and conneclive tissue. (Figure 5.106).
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2.3.2.2. The Mantle Margin - Tissues.

lateral

proximal

Figure 2.16. Sagillal view of Radial Section of Pinctada. Tissues of the Mantle
Margin.

= Proximal LatF1.; 2 = Mantle Edge Cland; 3 = Terminal F1.; 4 = Distal MedF1
5 = Middle Med Fi.; 6 = Proximal MedF1. 7 = Apical Region of Groove F1F2.; 0 =
Omega Gland; d = Dactylocytes; 8 = Proximal LaiF2. 9 = Middle LatF2.. 10 =

Distal Lat'F2; 11 = Distal MedF2.; 12 = Proximal MedF2.: 13 = Proximal LatF3.; 14
= Distal LalF3..

LatF1. of pearl oysters has three histological regions.

Proximally there is the Folded Region of LatF1. Distal to this is the
elongate columnar epithelium of the Mantle Edge Gland with a juxiapposed
subepithelial sinus system. Distal again is the Terminal Epithelium of LatF1..

The medial surface of F1. of the species of the genus Anc/ada has three
distinct regions- lhe Distal, Middle and Proximal MedF1. Regions each with a

distinctive epithelium, and subepilhelium of fibrous connective tissue. secrelory
glands and associaled system of sinus.
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The Apical Groove FI1F2. is histologically highly differentiated into the
Omega Gland. the Unicellular Glands of the Omega Gland. Dactylocytes and the

Black Granule Secretory Cells. Also included in this Region are the Circum -pallial
Nerve and the Circum-pallial Sinus.

The lateral surface of the F2.. (LatF2) also has three distinct regions -
Proximal. Middle and Distal LatF2.. each of which has distinctive epithelial and
subepithelial histology.

The medial surface of the F2. Fold (MedF2) is divided into Distal and
Proximal MedFz2..

The lateral surface of the F3. Fold is similarly divided into the Proximal
and Dislal LatF3.
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2.3.2.3. External Mantle and Mantle margin - sub-tissue features, cells and
secretions.

Here cells. glands. and other histological features will be named and
described sufficient for purposes of identification only. They and their tissue

relationships. funclions and/or possible functions will be described further in
Chapters 5. and 6.

The Isthmus

The Isthmusistic Epithelium cells are greatly elongate columnar epithelium
in all species of Lhe Plerioidea and Arcoidea sludied. A different epithelium

underlies each different part of the Hinge in Awcwss syperba and these will be
described in Chapler 5.

The Shoulder Region.

The tissues of the Shoulder Region are a low columnar surface epilheiium.
a subepithelial fibrous connective tissue. and beneath this, the cell bodies of a
massive glandular struciure - the Shoulder Gland. This is a massive
agglomeralion of the cell bodies of large unicellular glands which secreie through
the surface epilhelium. They are of two basic kinds - Trabecular Turquoise
Glands and Granular Cytoplasm Secretory Glands.

Beneath the glandular tissue there is another layer of fibrous connective
tissue which carries blood and nerve supply to the overlying epithelium and

glands and the underlying musculalure and internal organs,

The Pallial Gland Region,
The hislology of the Pallial Gland Region is similar to that of the Shoulder
Region wilh the lollowing differences :

I The [ibrous connective lissue belween Lhe surface epithelium and lhe

saceular bodies of the glandular cells 18 much denser. as is thal between Lhe
hodies of the glands.
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2. The cell bodies of the Trabecular Turquoise Glands form a more definite
layer superficial to those of the other unicellular glands.

While the Trabecular Turquoise Glands appear to be the same in both loci
there are differences in the slaining of the other glands. I is not known whether

this is a fixation artifact resultant from the different connective lissues,
The Proximal Pallial Region, Middle Pallial Region and Distal Pallial Region.

These three regions are all covered in the Pleriacea by a columnar

epithelium with apical secretory microvilli (Figure 5.105).

All three Regions have Trabecular Turquoise Glands and a variely of

Granular Cytoplasm Secretory Glands which secrete into the Pallial Space.

Whereas the density of Trabecular Turquoise Glands increases slightly from
proximal to distal over the three Regions there is a considerable concomitant

increase in the density of Granular Cytoplasm Secretory Glands. (Figures 5.102).

Further differences between the three regions will be given in Chapler 5.

The Distal Folded Region.

The surface epithelium and subepithelial surface secreling unicellular
glands of this Region are similar lo those of the Distal Pallial Region with the
following differences;

. The surface epithelium and subepithelium is usually thrown into
conspicuous folds with a band of radially directed subepithel'ia! sinus in each fold.

2. An elongale secretory gland wilh very small granules in its cytoplasm
lies in the vieinity of the subepithelial sinus (Figure 5.106 and 5.55)
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2.3.2.3.2. The Mantle Margin.
LatF1..

Proximal LatF1..

The surface epithelial cells are a more robust columnar epithelial cell
than those of the Pallial Region and there is a further inerease in the densily of
the subepithehal secretory glands compared with the Pallial Regions. The folding
in this Region is lower than in the Distal Folded Region (Figure 5.103).

Middle LatF1. - lhe Mantle Edge Gland.

This is an elongale columnar epithelium which is ubiquitous throughout
the Bivalvia in this locus (Figures 2.17 and 5.107). Il is joined via a transitional
epithelium to the Isthmusistic Epithelium just posterioir and just anterior to the
Anterior Mantle Symphysis and Posterior Mantle Symphysis respectively.

Distal LatFl. - the Terminal Epithelium of LatF1.

This is a columnar epithelium which decreases in height distally. The

Subepithelial glands benealh il almost all discharge through the Proximal MedF1.
and will be described with that Region.

MedF1..
Distal MedF1..
The Surface epilhelium is a cuboidal epithelium, wilth apical microvilli

The array of subepithelial unicellular secrelory glands of this region are
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unique to it and species specific in lhe Pterioidea. Glands similar to some of
these locus-unique glands are found in species of other superfamilies. Full
descriptions of the array found in each species examined will be given in Chapter
D.

Unique to this location in the Plerioidea. Pinnoidea, some Ostreoidea and
the Arcoidea are the Ovoid Blue Glands. These are unique amongst the Unicellular
secretory glands of the Mantle and Mantle Margins of the Bivalves studied in that
they stain various shades of blue and purple with all other stains used and also
stain a vivid green/turquoise with 4.8./M.SB. They have a small. strongly staining
nucleus which is invariably located at one pole of their ovoid shape. Under TEM.

they have a characteristic line-stippled cytoplasm. { Znclads marima Figures
5.59 and 5.60)

Also all but unique to this locus are the Distal Diffuse Glands These are
large secretory glands whose cell bodies areis mvariably contiguous with the
surrounding membrane of a parenchymal sinus The staining reactions are the
same in some species but not in others where the identity of the glands are
established by their unique norphology and location. In Anelady MArvaritifers
and #Z mavims ihey stain amber with Mallory's. pink with M.S.B.. a brilliant
claret red with Azan, khaki with AB./MSB. and "liverish” purple/brown with

Steedmans. No other glands seen in this sludy have this set of colour reactions to
these slains.

Middle MedF1..

The array of subepithelial glands in this Reglon is both species specific

and specific to the locus on the periphery and witl be described in detail in
Chapter 5.

The Surface Epithelium is a ndrrow ciliated columnar epithelium.
Inall Anctada siudied, the subepithelial connective tissue is so arranged
thal this Region has a surface pattern of sharp vee-shaped infoldings separaling

short plateaux. [n the subepithelium the transverse musculalure lies



70

in lacunae of dense fibrous connective tissue, which, with the surface pattern
imparts a unique appearance to this Region in stained radial sections (Figure
5.106. b). There is no equivalent lissue to this in those species of the Ptericidea

belonging Lo genera with an Ancillary F1. - Aleria, /sosnomon and Halfeus.

Proximal MedF1..
This Region has a robusl columnar epithelium and again an array of

subepithelial glands which are bolh species specific and specific to a location on
the periphery and will be described in detail in Chapter 5.

Trabecular Turquoise Glands - External Mantle-F1, Type and F2.-LatF3. Type.

With the exceplions of the Mantle Edge Glands and Terminal LatF1. Regions
where they are rare. Trabecular Turquoise Glands of apparently very similar if
not the same staining affinities are found commonly in all the External Mantle
and F1. Regions of the Pterioidea. A similar but slightly differently staining
population of Trabecular Turquoise Glands are found in all Regions of F2. and
LatF3. {Figure 5.154). (A third slightly different population of Trabecular

Turquoise Glands occurs on MedF3. but these are not thought to be involved In
shell formation (Figure 5.115).

Figure 2.17. Some cells and tissues of F1.. 1 = Manlle Edge Gland; 2 = Ovoid Blue
Glands; 3 = Distal Diffuse Glands; 4 = Granular Cyloplasm Secrelory Glands of
Middle Medl'1; 5 = External Manlle-FI. Type of Trabecular Turqueise Glands; 6 =
Granular Cyloplasm Secretory Glands of Proximal Medf'i ..



Apical Groove F1F2..

The specialised histological features of this highly differentialed area are:
The Omega Gland

The Unicellular Glands of the Omega Gland
The Dactylocytes

The Black Granule Secretory Cells

The Circumpallial Sinus

The Circumpallial Nerve and its local branches.

The Omega Gland.

This is a ridge of epithelial lissue which occupies the lateral surface
position of the Apex of Groove FIF2. It Lies opposite the Dactylocyles which
occupy the medial surface of ihe Apex of Groove F1F2. Belween the two is the

Apical Channel from which issues the forming Pleated secretion of Groove F1F2..
The Omega Gland is composed of a Distal Part and a Proximal Part.

The Distal Part of the Omega Gland is a pseudo-stratified columnar
epithelium which increases in height proximally, from the Proximal MedFl1.
epithelium. Il 1s commonly separated from the Proximal Part of the Omega Gland
by the bodies or secretory ducts of the Unicellular Glands of the Omega Gland. a
group of glands consisting of Trabecular Turquoise Glands and sometimes

Granular Cytoplasm Secretory Plands which discharge between the iwo parts of
the Omega Gland (Figures 2.18 and 5.61).
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Figure 2.18. Apical Region of Groove FIF2.. 1 = Distal Part of Omega Gland; 2 =
Unicellular Glands of the Omega Gland; 3 = Ceitic Scroll Cells; 4 = Multivesiculale
Cells; 5 = Fenestrated Cells; 6 = Sub-apical Fibrous Connective Tissue, 7 =
Dactylocytes: 8 = Black Granule Secretary Cells, 9 = Proximal Latf2. Sub-
epithelial Secretory Cells; 10 = Receplacle Glands, 11 = Pleated Secretion of

Groove F1¥2.; 12 = Vesiculale Secretion of Groove F1FZ..

The Proximal Part of the Omega Gland appears to be a two cells thick
stratified epithelium. The outer layer of cells are the Celtic Seroll Cells so called
from the morphology of their prominent array of cytoplasmic membranous
structures seen with TEM. They secrete large vesicies into the proximal part of
Groove F1F2. between Medfl. and the Pleated Secretion of Groove F1F2.. Deep to
the Celtic Scroll Cells are two other types of secretory cells, the Multivesiculate
Cells and the Fenestrated Cells which contribute vesicles and an amorphous

secretion respectively Lo the proximal terminus of the Apical Channel where the
Pleated Secretion of Groove F'IF2. first commences to form.

The Dactylocyles are elongale columnar epithelial cells with very
prominent central elongale ovoid nuclel. Their basment membrane merges with
the Sub-apieal Fibrous Conneclive Tissue and their apices are covered with very

strong and equal lengthed microvilli whose ends Louch Lhe forming sheel of
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Pleated Secretion of Groove FIF2. Secretory éranules are conveyed via the

microvilli and contribute to the medial surface of the Pleated Secretion of Groove
F1F2.

The Black Granule Secrelory Cells are vanable in morphology from species
to species being elongate columnar cells in Awelads maxima (Figure 562, a)
and squamous epithelium in 2 mazzartifers. (Figure 5110, a). However in every
species of the Amelada sludied they produced vesicles in their apical cytoplasm
of electron dense particles which, when secreted. form the Black Granules of the
medial surface of the Plealed Secretion of Groove FIF2 and of the lateral surface
of the Vesiculate Secretion of Groove FIF2. This latler is secreted by the

secretory strucltures of Proximal lateral F2. and lies in Groove F1F2. medial to
the Plealed Secrelion of Groove F1F2. (Figure 2.18).

LatF2..

Proximal LatF2..

This region is somewhal variable from one species of the Amelads to
another and the whole of LatF2. is sufficiently different in the other Genera of
the Aleroides as for this description to be inapplicable. The description of this
Region in Anclada margaritifere will be given here and the descriplions in the
other species examined given in Chapier 5.

The surface epithelium of Lhis Region in the Amc/ada has a dense mat of
apical microvilii bul few cilia. Il bears Receplacle Glands. These are formed by
somewhat spherical invaginations in Lhe epithelium. These are lined with
epithelial cells which are crescent shaped in section from their Basement
Membrane {o their Apical membrane, and have crescent shaped central nuclei.
they contain the granular secrelion of & single subepilhelial Granular Cytoplasm

Secrelory Gland. The subepithelium 13 hosl Lo species speeific and peripheral
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locus specific arrays of seretory glands. These in some species in some loci can

form a dense mass and in other species and at other loci are quite sparse.

Middle LatFz2..

The surface epithelium of this Region is formed into a unique pattern of,
in radial section. short flat plateaux separaied by semicircular infoldings. (Figure
2.19). This structure is common to all species of the Aircledz examined.

in the subepithelium are Trabecular Turquoise Glands of the F2. ~ LatF3.
type and Granular Cyloplasm Secretory Glands of several kinds including a heavy
population of Light Blue Glands. These latter are unique to this locus. They stain

only faint blue with all stains used. With T.EM. the cyloplasmic granules appear
to be similar in size and spherical.

Figure 2.19. Tissues and Glands of F2. 1 = Proximal LatF2: 2 = Middle LatF2.; 3 =

Distal LatF2; 4 = Distal MedF2.; 5 = Proximal MedF2.; 6 = Subepitheiial Glands of

Proximal LatF2; 7 = Receplacle Glands; 8 = Granuiar Cytoplasm Secretory

Glands of Middle LalF2.; 9 = Light Blue Glands: 10 = F2-LatF3 type of Trabecular
Turquoise Glands; 11 = Granular Cytoplasm Secrelory Glands of Distal MedF2.; 12
= Granular Cytoplasm Secretory Glands of Proximal Med F2..
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Distal LatF2..

This is the Region from Middle LatF2. lo terminal F2.

The surface epithelium of Distal LalF2. is a simple columnar epithelium
with relatively few cilia and small basal nucles.

The subepithelial secrelory glands of this region consisi of relatively few

Granular Cytoplasm Secretory Clands and more abundant Trabecular Turquoise
Glands of the F2 1atF3 type.

MedF2..

Distal MedF?..

The surface epithelium of this Region is a robust columnar epithelium
with relatively large rounded basal nuclei and a densely pigmented apical
cytoplasm. The pigment granules mostly siain brown with AB./M.SB..

The subepithelial secretory glands of Distal MedFR. consist of relatively few

Granular Cytoplasm Secretory Glands and more abundant Trabecular Turquoise
Glands of the F2. LatF3 Lype.

Proximal Med F2..

This Region has a surface epithelium of more elongate columnar cells than
the Distal MedF2. Region and the densely packed apical pigment granules are
aboul equally brown and amber staining with A.B./M.SB..

The Proximal MedI2. subepithehal secretory glands are similar Lo those of
Distal MedI2..
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LatF3..

Proximal LatF3..

This Region occupies Lhe greater part of LatF3. The epithelium covering
the surface of this Region is relatively elongale columnar epithelium
characterised by the apical pigment granules all staining amber with A.B./M S.B.

The subepithelial secretory glands of Proximal laiF3. consist of some

Granular cytoplasm Secretopry Glands and more abundant Trabecular Turquoise
Glands of the F2. - LatF3, Lype.

Distal LatF3.
[n this Region the surface epithelium is characterized by apical
cytoplasmic pigment granules which all stain brown with AB./MSB.

The subepithelia] glands of Distal LatF3. are again Granular Cytoplasm
Secretory Glands and Trabecular Turquoise glands of the F2. - LatF3. type.

FIGURE 2.20. Tissue Regions and Unicellular Glands of LatF3. | = Proximal LatFs3..

¢ = Distal LatF3. 3 = F2. - 1aiF3 type Trabecular Turquoise Clands; 4 = Granular
Cytoplasm Secrelory Glands Of Proximal LatF3.; 5 = Granular Cytoplasm Secretory
Glands of Dista) LatF3. 6 = Microgranular Glands.
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CHAPTER 3.

SUGGESTED ALTERATIONS TO CLASSIFICATION OF SOME PEARL QYSTERS FROM
AUSTRALIAN WATERS.

INDEX.

3.1. Introduction

3.2. Australian species of the Genus Airctads
3.2.1 Hynd's (1955) Classification.

322 Species of Anclads Used in this Work.

3.2.3 The additional species of Ainetads.
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3.1. INTRODUCTION.

As previously. common names used in the pearling industry and preliminary work
done suggested that Hynd's {1955) classification of the Australian species of the
Pinctada was sdeficient in thal il failed to deslinguish between several species
with fairly similar gross shell features.

3.2, AUSTRALIAN SPECIES OF THE GENUS AMC7404
3.2.1. Hynd's Classification.

As in Chapter 1. Hynd (1955) reviewed the 31 recorded species of
Australian pearl oysters and regrouped them inlo six species - Amectads
marzaritifera Linnaeus, 1758, 2 mavima (lameson, 1901). 2 fycala (Gould,
1850). 2 maculatz (Gould, 1850). £ ctemniizi (Philippi. 1849). and 2 albune
Lamarck. 1819. Of the latter he described two subspecies - /2 a/dma suyzillata
(Reeve, 1857). and 2 a/bina carchariarum (Jameson, 1901). This lasl is said lo
be confined lo the coast from the north west of Western Australia io Porl Darwin

- F albina sygilfala from about lhere. around the north and east coasts of
Australia to Southern New South Wales.

J2.2 Species of Australian Ancladiz used in this work.

32.2.1. Species described by Hynd.

The 7 maxima used here were of both the "gold lip” and “silver lip”
varieties of this species, and for them the author accepls the description in
Hynd (1955). Similarly. Hynd's description of the "black-1ip” pearl oyster 2
mangaritifera, of £ fycale (Figures 3.1.a. and 3.2.a. and Figures 5.126.-5130).
and 7 chemnilzi (Figure 3.3, 1. and g and Figure 5.139.) are agreed wilh and
these names used in this work for the animals so described. The name 2 a/bme
sugiffale 1s restricled in this work to the descriplion given in Hynd but excluding
all specimens which do nol have a "delicate suffusion of yellow over all of the

nacre”. The hislology of the Mantle Margin of Amelads albing sugitfala is given in
Figure 5.141.
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The descriplion and the photographs of 2 macwials given in Hynd (1955)
do not allow this author to be certain whether this species is included in this
work or not, but most likely it is not.

£ albina carchararam is not included in this work.

> Thus the animals used in this work where the classification of Hynd is

agreed with are Awclada mavina, Fmargaritifers, Plucals, Fcohemnitzs and
Palbina sugiials.

3.2.22. Species other than those described by Hynd.

There are however included here results from work on animals which appear to
belong to ten species quile distinct from the five above about which this author
agrees with Hynd's classification. There remains the possibility that one of these
species is Hynd's # macw/ala but this is uncertain. Seaman (pers comm.) says
thal il is definitely not the same as the animal called # macwfais in the
Tuamoto Archipelago. It 15 nol claimed thal this increase in the number of

species of the Amelads in Austrahan waters from 6 to 15 (or 16) is exhaustive.

These species are called Aictaae sp/ (Figure 3.1 b and 32 b and
Figures 5.131.. 5.132.). Ancteda sp.2. (Figures 3.1. ¢ and 3.2. ¢ and Figures
5133. - 5.137). Ainctadz sp. 3 (Figure 3.3 a and ¢ and Figures 5.138. a and b).
Finctads sp.4, (Figure 3.3. b and ¢ and Figure 5138 ¢}, Amclads sp.5 (Figure
3.3.d and e and Figure 5.140. a. b. ¢. d. and e.). Anclada sp.6 (Figure 3.3. h and
Figure 5.142. a). Ainclada sp.7 (Figure 3.3. 1 and Figure 5.142. b)), Anctads sp.8

(Figure 3.3. j and k and Figure 5.142 ¢).  Anclads sp.9 (Figure 5.142. d) and
Finclada sp 70 (Figure 5142 e).
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FIGURE 3.1.  VALVES OF AZM7404 FUCATA, FINCTADA SF 7 AND
FVCT404 SPZ - LATERAL SURFACES.

a. X approx 1.4  Aunclaca fucala ~ Valves - laleral surfaces. The Growth
Processes of Awctada fucala are unique amongst the
Australian Awcladse seen, are spear-head shaped with the
sharp point directed disto-laterally. Although the Growth
Processes do occur on lines which radiale from the

ummbonal region this is not readily apparent.

b. x approx 1.4 Amnciada sp./ - Valves - laleral surfaces. The Growth
Processes of Amelade sp./ are unique amongsl the
Australian Apeladae seen in that they may be greater
than 10mm in lenglh and their sides are about parallel

for most of their length.

c. X aaprox 14 Aunctads sp.& - Valves - lateral surfaces.
The Growth Processes of this species are again unique
amongst those of the Australian Anelade seen in that
they are relatively very shorl and narrow and overlap
each other in very discrele lines radiating from the
umbonal region. Like the Growth Processes of Amclada
margarilifera and Finclada sp.5 lhey are bone white

in eolour.



Figure

3'1
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FIGURE 3.2 VALVES OF AWCTHL4 FUCATA, FINCTA04 SP 7 AND FINCTADE SF.E
- MEDIAL SURFACES.

a. x approx 1.4 Amclads fucala - Valves - Medial Surfaces.
The area of the medial surfaces of the nacreous layers of
the left valve of this species is far greater than that of the
right valve and the lengths of the Nacre on the dorso-ventral

axes are aboul 1.3 times those on the antero-posterior axes of
both Valves,

b. x approx 1.4 Anclada sp./ ~Valves - Medial Surfaces.
The area covered by Nacre on the medial surface of the right
valve is slightly greater than that on the lefl valve and the
length of the dorso-ventral extent of the Nacre i1s slightly
grealer than the antero-posterior extent on either valve

bul neither to such a marked degree as in 2 /ucals.

c. x approx 14 Ainclads sp. £~ Valves - Medial Surfaces.
The area covered by Nacre on the medial surfaces of the two
valves is almosl the same and the length of Nacre on the
antero-posterior axis is about 1.2 times thal on the dorso-
ventral axis. Further the location of the discrete lines of
Growlh Processes on the lateral surface of the Prismatic
Layer 15 clearly indicated by narrow white lines crossing the

medial surface of 1he otherwise dark coloured Prismatic

Layer.
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FINCTADE SRS FINCTAOE SF4. PINCTADE SFS FINCTAOE SP6,
FINCTADA SP 7 AND PINVETADE S

Finclada sp.J valves. lateral surfaces.

Finclade sp.4. valves, lateral surfaces.

Finctads sp.7 {above) and Aiclada sp 4 (below), medial surfaces.
Finelada sp.o valves, medial surfaces.

Pinctada sp 5. left valve, lateral surface.

H/’/Mlc?a’é chemmitzr tight and left valves. medial surfaces.
Finelada chempilzr teft valve lateral surface.

Finelada sp6 left valve, medial surface.

Fnetade sp.7 right and left valves, medial surfaces.

Finclads S,é.z?. tefl valve, medial surface.

Finclada sp & tefl valve, lateral surface.



Figure!3.3
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Resources are not available to check these species against the type specimens.

The extra species fall into three groups. The first two in size and
opalescence of nacre are superficially akin to Ameledia fucals and thus will be
compared and contrasted with that species. Amclads sp.7 and Ainclada Sp.4 are
quite similar and very different from any other species of Amedads studied and
thus will be described and differentiated from each other The final five described
here are parl of a group of pearl oysters which to some extent superficially
resemble Anclada albma sygitiats and therefore will be differentiated from that
species and each other.

3.22.3. Deseription of additional species of Lhe Genus Anessda

Fipctada sp.7. (Figure 3.1, b and 32. b and Figure 5.141)
This species of Amclada has been collected on several occasions from
Fitzroy Island and Arlington Reef near Cairns and Quarantine Bay near Cooklown.

0f the six species recognised by Hynd it is closest to Anclads fueala but is
distinguished from A/ucalz by the following.

[. The valves are noticeably less convex.

2. It has less inequalilies of nacreous areas between the right and left
valves, (Figures 3.2. a and 3.2. b).

3. Its Growlh Processes are relatively extremely elongale being commonly
more than ten mm in length and of even width for most of thal length. By
comparison the Growlh Processes of # fucala are short and characteristically
pointed distally. (Figures 3.1. a and 3.1. b).

4, The Mantle and Mantle Margin histologies are species specific and very
different from those of # fycata or from Fuclads sp. & - the other species it
somewhat resembles, (Figures 5.129, e and f. 5.132 and 5134, b),

Frnelads sp. & (Figures 3.bc. and 32.¢. and Figures 5.133 - 5.137).
This species has been collected from Fitzroy Island to Cooktown. 1t is also

superficially i size and opalescence of nacre more elosely akin to Z/ueals than
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to any of the other species listed by Hynd. (1955). and consequently in these

respects nol grealtly unlike Amclsds sp. / However,

1, The area covered by nacre is about the same in the Lwo valves, Figure 3.2.
¢. cf Figure 32. a and b).

2. The lenglth of medial nacreous surface is markedly shortened dorse-
ventrally whereas in Anclads fucale and Fuclada sp. 7 it is markedly
shortened antero-posteriorly, (Figure 32. c. ¢f. Figure 3.2. a and b).

3. [ts Growth Processes are very different from any other species of the
Genus seen. They are small, centrally light -coloured as in 2 margarstifera and
form narrow distinct light-coloured hnes radiating from the Umbonal Region to
the valve periphery . (Figure 3.1, ¢). Further the lighl-coloured lines of Growth
Processes are. lo an exten! unique amongst species of Anclada studied. clearly
visible as light-coloured lines traversing the otherwise dark coloured medial

surface of the Prismatic Layer beyond the Nacreo-prismatic Junction, (Figure 3.2,

c).

4 The External Mantle and Mantle Margin histologies are species specific.
(Figure 4. 134).
5. This species is more mobile than any other species of pear] oyster studied.

Finclada sp. 8 (Figures 3.3.a. and c. and Figure 5.138 a and b). and
Pinclade Sp. 4, (Figures 3.3b. and 3.3.c. and Figure 5.138. ¢).

These species have been collected from the Russell Islands to Torres
Straits and variants. or similar pear| sheils have been seen from the north of
Western Australia. They are jointly dislinguished from other pear] oysters in this

study by their dark colours.

1. Small pearl oyslers with dark Prismatic layer and purple/green
opalescent nacre.

2. The major difference between them on medial view is that the antero-
dorsal corner of Amclads sp. J is much less pronounced than that of Anclads
Sp. ¢ and the postero-dorsal corners of Lhe former are about normal to the
hinge whereas those of Lhe laller are sharply kinked posteriorly and join the
hinge line at an acute angle. Further. whereas Anclada sp. 7 has nearly equal

areas of nacre on each valve of i pair of valves the left valve of a pair of
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Prinelada sp. 4 valves has a greater area of nacre than the right one.
3. The Growth Processes of Anctada Sp. 7 are very small. sharp pointed and

form relatively few distinel lines on the Lateral Surface of the Valve. Those of

Pinctada sp. 4 are inconspicuous and rounded.

4. The Histologies of the External Mantle and Mantle Margins of these pearl
oysters are species specific. {Figure 5.138 a and b c.f. 5.138. ¢).

Finelada sp. 5 (Figures 3.3.d. and e. and Figure 5.140.).

This species was collected from the Torres Strails.

l. It is chiefly characlerised by the large Growth Processes' porcelain like
appearance.

2. Med:ally, the nacre is thin. silvery and iransluceni.

3. The histology of the External Mantle and Mantle Margin is species specific
(Figure 5.140).

Finctada sp. € (Figures 33, h. and 5.142, a.).

This species has been coliecied from Townsville to the Torres Straits.

i Medially the Nacre is opaque and silver with no trace of the yellow
suffusion of the Nacre of Actads albing suysrilala

2. The Byssus lies in a deep groove in the Byssal Notch.
3. Growth Processes are moderate and the Prismatic Layer distinguished by
discrele relatively evenly spaced broad bands of dark and light colour.

4. The Histology of the Mantle and Mantle Margin are species specific. (Figure
5.142. a).

Pinclads sp. 7 (Figure 33,1 and 5142, b).
This pearl oyster has been frequently collecled from Balgal Beach fringing reef

and from Kissing Point in Townsville. It 1s distinguished from AZalbina suysiliata
by:

l. The Nacreous Layers on the medial surfaces of the Valves reach nearly Lo
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the Valve periphery.
2. The Nacreous surfaces of the Valves, especially of the Right Valve. are
about 1.5 times grealer in their dorso-ventral dimension than in their Antero-
posterior one. and about evenly split by the right bisector of the Hinge.
3. The Byssal Notch is an obluse angle and relatively distant from the Hinge.
4. The Growth Processes are relalively large and usually only seen on the

Ventral and Postero-ventral periphery.

5. The histology of the Mantle and Mantle Margin are species specific. (Figure 5.
142, b}.

Ficlada sp. & (Figures 33 [ and k,and 5.142, ¢).

This species has been collected frequently from Balgal Beach fringing reef.
While its Mantle Margin histology is similar in some respects lo that of P. albina
sugiilala, the staining affinities of the glands of LatF2. are markedly different.
(Figure 5.142, ¢, cf. Figure 5.141. a, b. ¢ and d). the subepithelial glands of
MedF2. and LatF3. are far more abundant. (Figure 5.142 ¢, ¢ f Figure 5.141. & b. ¢
and d), and the nacre has a bright silver lusire.

Finclada sp.9 {Figure 5.142, d).
This species has been collecled from Balgal Beach fringing reef. It is distinguished
from all other species of Pinclada used in this work by the unique tubular habit

of the Granular Cytoplasm Secretory Glands of lateral F2. nearly all of which
stain deep red with Azan. The nacre has a silver lustre.

Pictada sp. 70 (Figure 5.142, ¢).
This species was collecled from Balgal Beach fringing reef. I is
distinguished from all olher species of pearl oysters in this study by the tubular

Granular Cyloplasm Secrelory Glands of Proximal MedFt. slaining purple with
AB/MSB., (Figure 5.142. e).
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CHAPTER 4

MATERIALS AND METHODS

4.1 SOURCES OF ANIMALS.

vefesunto ambiguus was oblained from a fresh water section of the Ross
River above Aplin's weir. Townsville,

The marine bivalves used other than the pearl oysters were all oblained
from mangrove swamps, coastal mud flats, fringing reefs or trawled from shallow
seas between Cape Cleveland and Balgal Beach - ie . from the shore of the Pacific
Ocean from near Townsville to about fifty kilometres north. Figure 4.1. gives the
location from which each species was oblained. and Figure 4.3. locates the place
names 1n Figure 4.1. on a map. .

The pearl oysters used were oblained from numerous locations belween
Townsvilie and the Torres Straits. The locations from which the various species of

pearl oysters were oblained are shown in Figure 4.2. and these localions are
shown on the map. Figure 4.3..
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Source Non-pearl oyster bivalve species

Pallarenda  Awculs  superbs.  Nuculs sp, Trisidos  lortuosa,  Fhylloaa

folacea, Tellma sp., Tapes sp. Sofen vagina, S grandls, Macira
abbreviala.

Balgal Beach Jrvehompa hirsuta, Lithophasa teres, Bolulopa sificule s, Finna
brcofor, Spondvius  Jamarcki Anadara  anliguala, Apiula. Area
aladain. Barbalium ampedalumlostum, Hesocibola luana. Galrarrinm
divaricalum, G lumidum, Gafrarium sp. Flacamen calophyiium,

(ardila variesala, Mactra dissimilis, Gastrochaena cunelformis.

Trawled east  Hpolissa hyolis, Osirea sp. Flacuna placenta, Amusium
of Magnetlic pleuronecles. Melaxinaea labyrintha, Dosinia juvenilis. Circe
Island [rigona, Globivenus embrithes.

White Lady  Saccosirea echinals, S cuccullala,
Bay

Magnetic Gelomng coaxans

Island

FIGURE 4.1. Localions from which the non-pearl oyster bivalves used in this
work were oblained
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Finclada maxima.

£ margaritifera.

P fucals.
Finelada sp./,
Finclada sp.8

Finetaads sp. 7,

Fuinetada sp. 4.
£ chemmizi

Finctads 5p.8.

£ albina sygillala.

Pinctada sp.6.
Finctada sp.7.
Finclada sp.é,
Finctads sp.8
Finctads sp. 10
FPleria pengunn.
Fleria avicula.
150200mon
1SOBROMON
fsognomon
EofippIum.
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Source
Fitzroy Island, Arlington Reef, North East of Cooktown,
Friday Passage and "Old Ground” Off Badu Island,
Torres Straits.

Magnetic  Island,

Island.
North FEast of

Fitzroy Reef,

Marulag.

Arlington

Quarantine Bay. Cooktown.

Torres Straits.

Fitzroy island,

Arlington  Reef

and Friday Passage.
Torres Straits

Fitzroy Island. Arlinglon Reef. Quarantine Bay.

Fitzroy Island. Quarantine Bay.

Russell ls. Fitzroy Island, Arlington Reef. Schnapper
Island, Friday Passage.

Russell Is., Ariington Reef, Friday Passage.

Kissing point  (Townsville}, Balgal Beach, [Iriday
Passage.

Friday Passage

Kissing Point. Magnetic Island. Balgal Beach. Arlinglon Reef,
Quarantine Bay. Friday Passage.

Kissing Point, Balgal Beach. Friday Passage.
Kissing Point. Balgal Beach.

Balgal Beach fringing reef.

Balgal Beach fringing reef

Balgal Beach fringing reef

Magnetic Island. Fitzrey island and Arlington Reef.
Magnelic Island and Arlinglon Reef.

Magnetic Island and Balgal Beach.

Estuary of Rollingstone Creek.

Palleranda

FIGURE 4.2. Locations from which Lhe pearl oysters used were oblained.
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fas° /0"

ry

FIGURE 4.3. North Queensland from south of Townsville to the Torres Straiis. 1 =
Cape Cleveland, 2 = Magnetic [sland; 3 = White Lady Bay; 4 = Kissing Point; 5 =
Pallarenda; 6 = Balgal Beach; 7 = Rollingstone Creek: 8 = Fitzroy Island; 9 =
Arlington Reef, 10 = Schnapper Island; 11 = Quarantine Bay; 12 = north-east of
Cooklown; 13 = Marulag; 14 = Friday Passage; 15 = Badu.
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42, LIGHT MICROSCOPY.

Narcosis, Fixation, Embedding, Sectioning and Staining.

Note. Several different fixatives for LM. were employed in the preliminary work.
However. as explained in 1.12, the most useful method tried for simultaneous
fixation of the soft tissues of the Mantle and Mantie Margin and fixation of the
Shell Organic Matrices concurrently with decalcification of the inorganic phase of
the Shell Layers lo achieve a preparation which could be sectioned so as to
display geometrical physical and histochemical relationships of tissues and shell
parts was that described below. Since this is a comparative siudy, the
methodology of narcosis, {ixation embedding, sectioning and staining was rigidly
adhered to even where only sofl tissues were involved. and even where the stains

were designed to be used with a specific fixative (e.g. Steedman’s triacid stain,
see below).

421 Narcosis and Fixation.

All specimens of bivalves for LM. were narcotised by adding 7.8 mg/100ml
magnesium chloride to sea waler in which the animals were immersed until their
adductor muscles became flaccid. I decalcified valves were not required
allached io the soft parts. the animals were then removed from their shells and
fixed in marine Bouins - a saturated solution of picric acid in 85% by volume sea
water, 10% by volume formalin and 5% acelic acid - approximately 10 volumes of
fixative to 1 of tissue. After 24 hours the specimens were rinsed with 70%
ethanol until the rinsings were only slightly cloudy and then stored in 70%

ethanol for the minimum possible lime before processing and embedding

I decalcified valves were required for seclioning 4 s/Zw wilh the whole
amimal, following magnesium chloride narcosis as above. the entire animal in its
shell was immersed in 10 volumes of marine Bouins fixature. The rate of bubble
production from the acidic fixalive was noted and as bubble production
decreased. 2% acelic acid was added drop-wise so thal the rale of bubble
production remained about constant al this somewhal reduced level over the

first 24 hours. The rale of addition of the acid solution was adjusted to suit each
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specimen. After 24 hours, when it was considered that the soft tissues would be
fixed to the extent that weak acid would have little effect on them, the addition
of 2% acetic acid was speeded up until decalcification was compleie. This was
delermined by inserting a melal probe in what had been the thickest parl of the
shell after bubble production had ceased. The acid and Bouins fixative was then
rinsed away with 70% ethanol until very liltle colour remained in the rinsings.
Again the specimens were stored in 70% ethanol for the minimal possible time
before processing and embedding.

422 Embedding, Seclioning and Staining.

The tissue blocks or whole specimens were processed on a Shanden Duplex
Processor, dehydrated through an ascending ethanol series, cleared n toluene,

and infillrated in paraffin wax {Paraplast. mp 56 C).
The tissue blocks were seclioned al 6 pm.

Whole animals, tissue blocks and shell Organic Matrices were seriaily
sectioned to the extenl necessary to reveal the three dimensional structure and
relationships of the subject of study..

The stains used were;

1. Mayer's haemalum and Young's eosin-erythrosin (H. and E.}.
2. Mallory - Heidenhain (Mallory's).

3. Helidenhain's azan {Azan),

4 M.S.B. technique (M.S.B.).

o

Alcian blue/MS.B technique (A.B./M.S1.).
6. Steedman's triple stain (Sleedman’s).

The firsl two of these were as deseribed by Winsor, (1984).
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Heidenhain's azan technique was a modification of Gabe {1976). The time
in azocarmine stain was decreased to thirty minutes as sufficiently brilliant
colour was achieved with less damage to the tissues than when left in this stain

for 45 minutes or 1 hour.

The M.5B. technique was the martius yellow, brilliant crystal scarlet.
methyl blue technique of Dury and Wallington (1980).

AB./MS3B. was the same lechnique as M.SB. above except that the slides
were stained for five minules in alcian blue and then rinsed in distilled water
before the phosphotungstic acid step in the Dury and Wallington (1980) M.S.B.
technique. This was to stain the acid mucopolysaccharide secretory glands which
were refractory to staining with the other stains. The staining with alcian blue so
enhanced the action of the other dyes in this technique as to render the

celestine blue step unnecessary. the nuclei now staining pink-red.

Steedman’s Slain is a one step triacid slain {Steedman. 1970). Although
this was designed to be used with a p-toluene sulphenic acid - formaldehyde
fixative 1t was found to function quite satisfactorily as an aid in distinguishing
differenl glands, tissues and secretions in bivalve material fixed in marine
Bouin's. It was thus considered that whaiever gains may have been achieved by
using two fixatives on separate blocks of tissue were more than offset by the
added information gained from viewing serial sections with this stain used
sequentially with the other stains.

The six slains lisled above were used serially to maximise the recognition
firstly, of morphologically and chemically differeni structures in shells. and
secondly of the differentialion into differenl tissues and glands and their

secretions i the Mantles and Mantle Margins of pear] oysters and other bivalves.

4.3 TRANSMISSION ELECTRON MICROSCOPY.

Selection of Tissues, Fixation, Embedding, Sectioming, Slaining.
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4.3.1Selection of lissues.

The aim of T.EM. was to more accurately characterise the glands and secrelions.
and hence hopefully the functions of the pearl oyster tissues identified with L.M.
as likely Lo be involved in Shell Layer formalion. To this end tissue blocks were
prepared from the Isthmi, Shoulder Regions, Pallial Gland Regions. Proximal,
Middle and Distal Pallial Regions. the Distal Folded Regions and the tissues of the
Mantle Margins of Anclads maxima F. margaritifera, F. fucata. Pinclada sp. /,

Finclada sp. & Finclada sp. J Fincleda sp. 4, Finclads sp. 5. Palbina sysiliala,
Fleria peneuinand  [sognomon ephippiunm.

4.3.2. Fixation Embedding. Sectioning and Slaining.

4321  Fixation and embedding.

The fixation method is thal used routinely in this laboratory for molluscan
mantle tissue, and, in a study contemporaneous with this work. was found to be
optimul of several fixatives tried for fixation for TEM. of Amelads mantle ( pers.
comm B. Aquilina ).

The animals were removed from Lheir shells into 2.5% glutaraldehyde in 0.IM
cacodylate buffer in fillered sea water at 24C. The required tissues were dissecled

in the fixative as soon as possible into strips less than Imm wide, and left in the
fixative for 1h.

The strips of tissue were then washed twice in 0.1M cacodylate buffer. pH 7.2. in
filtered sea water for Len minutes.

They were Lhen post-fixed in 1% osmium telroxide in 0.1M cacodylate buifer. pH
7.2.1n filtered sea water for 1h at 24 C

The Lissues were again washed in cacodylale buffer for Lten minutes.
Tissues were then dehydrated through an anascending ethanol series - 50%. 60%.

70%. 80%, 85%. 90%. 95%. 100% - for 2-5 minutes each. then two more changes in
absolute elhanol for len to Lwenly minutes cach.

The Lissues were then placed in equal volumes of elhanol and Spurt's resin and
agitated on a rotalor for three hours (Spurr. AR 1969).
A volume of Spurr's resin equal o Lthat of the solulion of Spurr's resin in

aleohol was then added and relurned to the rotator for a furlher three hours
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The 75% solution of Spurr's resin in ethanol was then removed and the
tissues left in 100% Spurr”s resin on the rotator overnight.
The used Spurr's was then removed and Lhe Lissues left in new Spurr's

resin for another three hours, and then embedded in moulds in pure Spurr's
resin.

The resin blocks were then cured for 16 h at 70 C.

4322 Sectioning and staining.
Seclions of 60-100nm were cul with glass or diamond knives using an LKB
ultratome. The sections were then mounied on copper grids and stained for 8

minutes in saturated uranyl acelale in 50% ethanol followed by | minute in
Reynold’s iead citrale.

The transmission electron microscope used was a Jeol JEM- 2000FX.

4.4, SCANNING ELECTRON MICROSCOPY.

Specimens for S.EM. were usually hard parts of shells in which case they

were washed with distilled waler, dehyrated with absolute ethanol. dried. mounted
and spuiler-coated with gold.

Where tissue was left attached To the shell periphery for SEM.

examination of the tissue-shell relationships in Aucwia sp and Vetesuno

amoypuus the specimens were critical point dried before gold coating.

One specimen of Anclada margariifera shell Prismatic Layer was lightly
acid etched by placing in 2% acetic acid for a few minutes.

The S.EM used was a Siemens ETEC Auloscan.
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CHAPTER 5
RESULTS
5.1, UNIONOIDEA

511, VELESUNO ANBIGUDS

51.1.1.  VALVES.

These consist of a trilaminate outer non-calcarecus Shell Laver {f in
Figures 5.2, a and b, and 5.3. b and ¢). outside Lhree calcareous Shell Layirs - an
outer aragonite Prismatic layer. (P in Figures 5.1. and 5.2. b). outside en Cuter
Nacreous Layer (Figure 5.1, b and d. N in Figure 5.1, e. and onl in Figurc 5.2, b)

and an Inner Nacreous Layer (Figure 5.1, a and ¢).

The Inner Nacreous Layer Nacre Sheets are aboul 1.4sm thick {Figure 5.1.
¢). The Outer Nacreous Layer Nacre Sheets are aboul 0.3um Lhick (Figure 5.1, d).

The Partly-bound and Free Nacre Tiles of the Inner Nacreous Luyer are
truncated diamond shaped (Figure 5.1, a). Those of the Outer Nacreous [: yer are

diamond shaped (Figure 5.1, b).

The Inner and Outer Nacreous Layers of this species should be compared with and
contrasted against those of Ainclada maxima (Figs. 5.12 - 5.30). and hose of

the other pearl oysters illustraled.

FIGURE 5.1, Helesunio ambjguus - Calcarious Shell Layers.
a. SEM x 1500 Medial view Inner Nacreous Layer.
b. SEM. x 1500 Medial view Outer Nacreous layer.

c. SEM. x 1500 Sagitlal view Inner Nacreous Layer.
d. SEM. x 3800 Sagittal view Ouler Nacreous Layer.
e. SEMx 950  Radial broken surface of aragonite Prismatic Layer

and Ouler Nacreous Layer.



Figure 5.1,
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5.1.1.2. Ouler Fibrous Layers, Aragonite Prismatic Layer and Quter
Nacreous Layer.

The Trilaminale Quler Fibrous Layer of the Valve of /lelesumio ambiruus
recurves around the distal extremity of Fold Fl. and is thrown into outfoldings on
the lateral surface of the Valves, (f in Figures 52. a and b and 53. b and ¢). In
Figure 52 L is lateral and M medial. From the medial part of the outfolding. by
some process which remains obscure, the medial lamina of the trilaminate Quler

Fibrous Shell Layer curves proximally and then medially and then recurves to
form a bilaminate sigmoid structure. (S in Figure 52. a and b).

The Aragonite Prismatic Layer, (P in Figure 5.2 b). occurs on lhe medial
surface of the medial lamina of the Outer Fibrous Shell Layer and on both the
medial and lateral surfaces of the sigmoid part of the medial lamina. It is thus

lateral to. and al the proximai end of the above sigmoid structure intrudes into,
the Outer Nacreous Layer, (onl in Figure 5.2 b).

The similarity of the Prismatic Layer of this species (Fig. 5.1. ¢ and 5.2, a and b),
to the Radial Layer of a cultured pearl should be noted. (Fig. 542, a. ¢ and d).
Both of these should be contrasted with the caleitic Prismatic Layers of the
species of the Amclada (e.g. 7 marima, Figs. 530 - 540, ete).

VIGURE 52 Fedesunio ambgeuus - Guler Nacreous Layer. Aragonite

Prismatic Layer and Ouler Fibrous Shell Layer.
a. SEM. x 390
b. S.EM. x 770
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Figure§, 2.
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5.1.1.3.  Exlernal Mantle, Mantle Margin and Ouler Fibrous Shell Layer.

The Jnner Nacreous layer forms the lateral surface of the Pallial Space
which is bounded medially by the Pallial Epithelium, {P.S. and P respectively in
Figure 5.3 a). The Pallial epithelium is a simple squamous epithelium with apical
nuclei. In the parenchyma of the Mantle are spherical cells with granular
cytoplasm which appear to secrele into the sinus beneath the surface epitheiia (¢
in Figure 53. b. ¢ and e).

The outer lamina of the trilaminate OQuter Fibrous Layer is produced by
the proximal part (p) of the glandular ridge (g) of elongate columnar cells on the
proximal part of the MedF1.. (p and g in Figure 5.3, b, e and f). There may also
“be material contributed from Proximal LatF2.. (F2 in Figure 5.3. e and f}.

The middle lamina of the Outer Fibrous Shell Layer is produced largely by
the main part of the glandular ridge (g in Figure 5.3, b, e and f). with perhaps a
contribution from Proximal MedF1. {F1 in Figure 53 e and f).

The Inner lamina of the Trilaminate Outer Shell lLayer is necessairily
contributed by MedF1. distal to the Lissues which produce the middle lamina as
the three laminae appear fully formed by the recurvature of this Shell Layer
around distal F1., {r in Figure 53 b).

The Extrapallial Space (eps in Figure 53 b, ¢ and d) is bordered
proximally by the Paltial Line Junction, (PL in Figure 5.3 d). dislally by the
recurvature of the Outer non-calcareous Shell Layer (r in Figure 5.3 b}, medially
by LatF1. and laterally by the growing surfaces of the Outer Nacreous Layer and
Prismatic Layer. and, distal to these. the medial lamina of lhe Ouler non-
caleareous Shell Layer.

The Mantle Edge Gland (meg in Figure 53. b. ¢ and d). lines about the
proximal half of LatF'l. - the medial surface of the Exira Paliial Space.



The origin. nature and staining affinilies of the trilaminale Outer Shell Layer of
this species. (Fig. 5.3, b.c.d.e and f) should be compared with the trilaminate
Outer Shell Layer of Awculz superbs, (Fig54. a and c), that of the Mytilids. (Fig.
5.6, a,c and d;: 5.7, a.b and ¢; 58, a. b and c¢). the decalcified Prismatic Layer
Shell Organic Matrices of the Airclada(e.g. £ maxima, Fig. 5.40). and that of all
other Martius Yellow positive Shell Organic Matrices throughout the following taxa.

FIGURE 5.3 Felesunio ambgpuus - External Mantle and Mantle Margin.
a. LM. x 310 H & E. Pallial epithelium.

b. LM. x 77 MSB.. Manlle Margin.

e, LM x 310 H & E. Manlle Edge Gland

d. LM. x 310 Mallory's. Mantie Edge Gland.

e. LM x 310 Mallory's. Apical Groove FIF2..

f. LM. x 310 Azan, Apical Groove FIF2.
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52.  NUCULOIDEA.

521 Nuevla superba, Nucufa sp.

The Quter Shell Layer of Aucuiz syperta, (cp in Figure 5.4 a). and AMvcula
sp., (cpin Figure 54. d and e), consisis of a Lhin outer lamina, (ol in Figure 54.
a. d and e) outside a thicker parl. In decalcified valves of 4 superda ihis latter
appears striate. (s in Figure 5.4. a), and as curved elongale prisms with SEM. in
a radial broken surface of Awcw/z sp. (s in Figure 54. d). with the convexity of
the curves directed dislo- laterally. In Figure 54., D is distal. L. laleral and M.
medial. In decalcified valves of Awew/s superbe there is a medial lamina (ml in
Figure 5.4. a) which is not discernable in Awecw/s sp. with SEM

The entire Outer Shell Layer is produced in the large Marginal Mantle
Groove which is recurved. (To maintain consistency with all other bivalves
studied the parls of the recurved Mantle Margin are named as if not recurved and

then writlen in inverted commas - thus “lateral” will in fact be medial to
“medial” for Lhe parls of the Mantle Margin). |

The middle Shell Layer is an Ouler Nacreous lLayer. This originates in a
notch (n in Figure 54. a) on the "lateral” surface of the Mantle Margin which 1s
thought to be a reduced "Groove F1¥2.". If this is correct then the large Mantle
Margin folds are Fold "F2." and Fold "F3." and are named accordingly in Figure
54., aand c.

The Nacre Sheels of the Ouler Nacreous Laver {onl in Figure 54, d and e),
are concave proximo-laterally so thal the elongate prisms of the Prismatic Layer
join them at about right antles (j in Figure 5.4 d). The Nacre Sheels of the Quter
Nacreous Layer are much thinner than those of the Inner Naecreous Layer (onl
and in] respectively in Figure 54 e). In Figure 54 e from lateral to medial (L to
M) is Lhe Composite Prismatic Layer, Quier Nacreous Layer. Myostracal prisms and

Inner Nacreous Layer (CPL. onl. MP and inl respectively in Figure 54 e).
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The Medial Shell Layer is the Inner Nacreous Layer (inl in Figure 5.4 a),
which is produced by the Pallial Mantle. 1t is continuous with the Lateral
Denticles (Id in Figures 5.4., b and f). The broken surface of the lateral denticles
in 9.4., f shows that lhese Nacre Tiles have curved surfaces roughly paralle! Lo
the outer curved surface of the Laleral Denticle.

The ventral parl of the Hinge, (vp in Figure 54 b) is adjacent to a
specialised epithelium. The concave surfaces of the paired lateral parts of the
Hinge {Ip in Figure 54 b) are adjacent lo a very different specialised epithelium
with elongate columnar cells (ec in Figure 54 b). The epithelium lining the
Lateral Denticles, (eld in Figure 54 b) appears indistinguishable from that which
lines the Pallial Space (ps in Figure 5.4 a).

The Dorsal Part of the Hinge {dp in Figure 54 b} is continuous with and
has the same staining affinities for all stains used as the Medial Lamina (ml in
Figure 5.4 a). of the Trilaminate Quter Shell Layer.

Going from before backwards. (or behind forwards). along the dorsal
margin of this animal. from where the righl and left recurved Mantle Margins are
separale. and each has the forming Organic Malrices of the respective right and
left Outer Shell Layers lodged in their Grooves "F2F3", (as in Figure 54 a) to
where the right and left mantles are fused beneath the dorsal part of the hinge
{near Figure 5.4 b} the right and lefl “F3"s are lost at the same locations as the
ouler laminae of the Trilaminate Outer Shell Layers are lost; and proceeding
further. the middle laminae of the Trilaminate Ouler Shell Layers are lost at the
same localions where the epithelia which in Figure 54 a only cover Distal
"MedF2." {dm?2 in Figure 54 a) come lo cover the entire surfaces of the now
opposed "MedF2."s, (dm2 in Figure 54. ¢ and b). Concomilantly with the loss of

the Proximal "MedF2." epithelia. the subepithelial glands of Proximal "MedF2." are
lost.
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Nuculs superba  demonstrates four morphologically distinct examples of
apparently homogenous Shell Layer or Hinge being generated by four different
specialised secretory epithelia. Where the Shell Layer Organic Matrix is more
complicaled, eg. the middle lamina of the lrilaminate Outer Shell Layer. bolh a
specialised epithelium and subepithelial secretory glands are involved in its

production.

FIGURE 54. AMuveuia superbe and Nuculs sp. - Mantie, Mantle Margin and
Shell Layers.

a. LM x 460 Mallorys. Manile Margin.

b. LM.x 150 Mallorys. Hinge.

C. LM, x 770 AB/MSB. Fusing Manile Margins Anterior Lo Posterior
Mantle Symphysis.

d. SEM. x 770 Composite Prismatic Layer and Outer Nacreous Layer.

e. S EM. x [500 Radial Broken Surface.

f S.EM x 380  Broken Lateral Denticles.
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Figure 5.4

ax460




53.  MYTILOIDEA.

53.1.  Trehomya hirsula
53.1.1.  Mantle Margin.

The External Mantle is joined to the medial surface of the valve at the
Pallial Line. proximal to P in Figure 5.5. thus enclosing a Pallial Space.

The irlaminate ouler Shell layer originates in the Apical Channel of
Groove FIF2., {c in Figure 5.5. b). There is thus an Extra-pallial Space which is

enclosed between the recurved forming Outer Shell Layer and the Pallial Line
Junction, {e in Figure 55. a and b).

The Mantle Margin consists of three folds F1.. F2.. F3.. (1, 2 and 3
respectively in Figure 55. a and b).

All Folds. but especially F1. and F3. have a parenchyma of spongiform
tissue with the sinovial walls lined with cells with granular cytoplasm.

The epithelium lining the medial surface of the Exira-pallial Space

gradually lengthens distally (D in Figure 55) to the elongate columnar cells of
the Mantle Edge Gland on LatF1. (meg in Figure 5.5.)

Belween the elongate columnar epithelium lining the lateral surface of the
Apical Channel and the Terminal Epithelium (¢ and L respectively in Figure 5.5. b)
the MedFl. bears a columnar epithelium which elongates going distally but in
olher respects the cells appear uniform. {m in Figure 55. b). The nuclei are in

the basal half of the cell and the apical cytoplasm stains strongly with H and £..

The surface epithelia of LatF2. are differentiated into Proximal, Middle and
Distal LatF2. (pl2. mi2 and dI2 in Figure 55. b). of which Middle LatF2. is an

elongale columnar epithelium with relatively very small basal nuclei and a deeply
slaining apical eyloplasm,
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There is a deep nolch belween Proximal LatF2. and Middle LatF2. (n in
Figure 5.5. b).

FIGURE 5.5, 7Zresompa firsula Mantle Margin.
a. LM x3% HandE
b. LM x 190 Hand L.
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9.3.1.2.  Tissues of Folds F1. and F2. and their secretions,

The trilaminate outer Shell layer appears lo commence in Lhe Apical
Channel of Groove F1F2., (c in Figure 56. a). The thick middle lamina, (o in
Figure 5.6. a. ¢ and d) lies opposile the epithelium lining MedF(. {m in Figure 5.6.

a. b and ¢} and reflects the colour of its apical granules (gold with M.S.B. Figure
5.6 a. red with Azan Figure 56. ¢).

The secretory structures of Middle LatF2. (ml2 in Figure 56. b and d) and
the Granular Cyloplasm Secrelory Glands of Distal LatF2. (G at d12 in Figure 5.6.
d) if they are involved in Shell Layer production are geometrically limited to
either augmentation of the outer lamina of the outer non-catcareous Shell Layer

or production of the external “hairs” from which ihe specific name derives.

The Outer Shell Layer of this species is the Marlius Yellow positive layer secreled
by Groove F1F2. The differentiation of the tissues of LatF2., MedF2. and LatF3. into
specific lissue Regions may be related to the formation of Lhe elongate "hairs” on
the outer surface of the shell. This should be contrasted againt the simplicity of

structure of F2. and F3 in felesumio amojguus, and the highly differentiated
tissue Regions of F2. and LatF3. in the Zielada

FIGURE 56. Trichompa fursuta - Tissues of Fl. and F2  and their
secretions.

a. LM. x 460 MSB.. Secretion of ouler and middie lamina of outer
Shell Layer.

b LM. x 460 MSB. Histology of Middle MedF1. and Middle Latkz .

c. LM x 130  Azan. Apical Groove FIF2.

d LM x 310 Azan. Middle LalF2. Distal LatF2
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Figure 5.6
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0.3.2.  Lithophass leres

2.32.1.  Decalcified Shell Layers.

The Valve of Lithophasa leres consists of a trilaminate outer Shell Layer
(os] in Figure 57 a. b and ¢). an Outer Nacreous Layer and an Inner Nacreous
Layer. {on] and inl respectively in Figure 57 a. b and ¢). In radial section the
fibres of the Outer Nacreous Layer Crganic Matrix are directed parallel Lo the

outer Shell Layer and those of the Inner Nacreous Layer are normal to these.

The dissimilarity of the two Nacreous Layers in this species should be contrasted
with the morphological similarity of the Nacreous Layers in other species
lustrated. e.g. Vedesunio ambjruns. Nuculs syperda and the pearl oysters. Again,
differentiation of the Mantle Margin lissues medial Lo Croove F1F2. 1s related to
functions other than shell Layer formalion - in this case probably Lhe production

of an acidic secrelion for dissolution of caleified structures and the
neutralisation of that secrelion.

FIGURE 5.7 Lithophasa teres- Decaleified Shell Layers
a. LM, x 77 Mallory's. Decalcified ouler. middle and imner Shell Layers.
b. LM. x 310, Mallory's. As Tor a above at higher magnification.

C. LM x 770, Azan Decalcified ouler and middle Shell Layers.



116

onl



17
0322 Lithophasa leres - Mantle Margin.
The Mantle Margin has three Marginal Mantle Folds. F1. (FI in Figure 5.8,
a. bandc) has a large internal sinus. F2. has {wo very distinctive basophilic
glandular struclures. one opening on the lateral surface near the Fold terminus
(Ig in Figure 58, a and ¢) and Lhe other opening on the medial surface (mg in
Figure 5.8. a and ¢) into Groove F2F3. Fold F3 has a large acidophillic gland.

LalF'l. proximally has a cuboidal epithelium. Distally the epithelial cells
elongate to the columnar cells of the Mantle Edge Gland (meg in Figure 5.8 b). A
distinct notch separates this from the Terminal epithelium (t in Figure 5.8. b).

Medial ¥1. {mf]. in Figure 5.8, b} bears a columnar epithelium opposite
which, in Groove FIF2.. the middle lamine (m in Figure 5.8. b and ¢) of the
trilaminate outer Shell Layer develops to its full width.

The lateral lamina of the outer Shell Layer (1 in Figure 5.8 ¢) is produced
in an indentation (a 1n Figure 5.8 b) on LatF2. - histologically akin to the Apical
Channel of 7rvzhompa sursuta (c in Figure 55, b).

The External Mantle is joined to the medial surface of the valve al the
Palhal Line. There is thus an enclosed Pallial Space. The Inner Nacreous layer
(inl in Figure 5.7. a and b) is coexlensive with the txternal Pallial epithe'ium and
forms Lhe lateral surface of the Pallial opace.

The growing surface of the Quler Nacreous Layer {onl in Figure 54, a and

¢). is enclosed in Lhe Extra-pallial Space {eps in Figure 5.8. ¢).

FIGURE 58.  Lithophaga leres- Mantle Margin.

a LM. x 77 Mallory'sMantle Margin Folds F1. F2. and F3..

b. LM. x 310 Mallory's. F1. and LalF2. and secretion of the lateral and
middle lamina of outer Shell Layer

C. LM. x 77 Mallory's. 1. and F2. Outer Shell Layer and Outer

Nacreous Layer,
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5.4 PINNOIDEA.
5.4.1. Ainna bicotor
54.1.1. Mantle Margin.

The Mantle Margin of Azma bicolor has Lhree Folds F1.. F2., and F3.. (1. 2
and 3 in Figure 5.9. a. b and ¢).

LatF1. has a Mantle Edge Gland, (meg in Figure 5.9. b and d), of columnar
epithelium with subepithelial Trabecular Turquoise Glands {tt. Figure 5.9. d).

The Ventral Mantle Margin is remecle from the restricted area of Nacre on
the Proximal part of the Valve and has a MedF1. distal 1o the Omega Gland {o in
Figure 59 a. b and c). apparently devoid of Trabecular Turquoise Clands or any
other kind of Unicellular secretory gland. (mfl in Figure 5.9. a and c).

The Omega Gland (o in Figure 59, a. b and ¢) is on proximal MedF1. and forms an
apical channel with Lhe opposing surface of LaiF2. from which a Pleated Secretion
of Groove FI1¥2_ issues (P in Figure 59, a, b and ¢).

The Circum-pallial Nerve (n in Figure 59. a and b) lies immediately beneath the
Omega Gland in close proximity to the Circum-pallial sinus {s in Figure 5.9 a
and b}

The subepithelium of LatF2. MedF2. and LatF3. (12, m2 and 13 n Figure
5.9. b and ¢) all bear populations of Trabecular Turquoise Glands.

There is a mass of secreted malerial {se in Figure 5.9. ¢) in Groove F2F3.

The Mantle Margin of this species, where distant from the part of the shell which

has nacreous layers has a structurally simple MedF1.. This should be compared
with differenliation of the tissues of MedF1. of the Anclads.

FIGURE 5.9 Amna bicotor- External Manlle and Mantle Margin.
a. LM. x 150 Azan. Distal Exlernal Mantle and Mantle Margin.

b LM x 120 AB./MSB. Asfor a above.

c. LM x 120 AB./MSB. Asforaand b ahove

d. LM x 1200 AB/MSB. Lalll.
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55 PTERIOIDEA.
5.5.1.  FINCTHOS HAKIMA.
5.5.1.1.  Valves.
The valves of the young adult Aclads maxvima (figure 5.10., scale bars in

mm) have about equal dorso-ventral (Figure 5.10. D - V} and antero-posterior
axes. (Figure 5.10, A - P),

The linear extents of the Nacre (Figure 5.10. N) on both axes are slightly
greater on the Left Valve (Figure 5.10. a) than the Right Valve (Figure 5.10, b},
and therefore conversely the medial linear extent of the Prismatic Layer {Figure
5.10. PL) is greater on the Right Valve than the Left Valve.

Growth Processes (Figure 5.10 G.P) partially obscure the righl end of the
scale in Figure 5.10. b.. and are near the Ventral periphery on the lateral surface
of the Right Valve (Figure 5.10. ¢).

The Hinge (Figure 5.10. a and b. H) has narrow Anterior and Posterior
parts and the middle aboutl third and fourth sevenths are enlarged ventrally. The
Byssal Notch (BN in Figure 5.10.) occupies the dorsal part of the anterior border.

The Adductor Muscle Scar (ams) is slightly concave Antero-dorsaily and

situaled just Postero-ventrally to Lhe geomelric centre of the medial surface of
the Nacre.

FIGURE 5.10.  Amelads mavmma- Valves.
a. Medial View Lell Valve.
b, Medial View Right Valve,

C. Lateral view Right Valve.
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55.12. Hinge.

The enlarged middle part of the Hinge. (Figure 511, H) is composed of
parallel fibrils of about 0.lym diameter. (Figure 5.11 b and ¢). These fibrils lie in
planes about normal to the hinge line and hence lo the plane of symmetry. The
‘plane of breakage shown in Figure 5.11 of half the Hinge (H) and the adjacent
Nacre (N} is such a plane.

In Figure 5.11. a. L is laleral and M medial. The Hinge Fibnils have
artefactually pulled away from their abutment at righl angles with the Nacre (N
in Figure 5.11. a).

From this abutment the fibrils run first medially and Lhen eurve ventrally

to where they join. (j in Figure 5.11. a). the fibrils of the other half of the Hinge
in the midline. at about fifly degrees. (Figure 5.11. a).

The fibres of the Hinge prolein rubber appear to display pericdicily
(Figure 5.11. ¢).

FIGURE 5.11. Aisclads meavime -Hinge and adjacent Nacre.

a. SEM. x 65 Relalionships of a Dorso-ventrally broken face of half
the Hinge and the adjacent Nacre.

b. S.EM. x 6700 Higher magnification al aboul H in Figure 2a.

c. S.EM. x 27000 Higher magnification al about H in Figure 2b.
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55.1.3. SEM. of Nacreous Layers.
5.0.1.3.1. Selection of specimens for LM. and S.EM. Study of the Medial

Surface of the Nacreous Layers.

The External Mantle of members of the Airelads is divided on histological
grounds into the Shoulder Region. Pallial Gland Region and nine Pallial Regions -
the Proximal Middie and Distal. Anterior Ventral and Posterior Pallial Regions.
(Figures 5.52, 5.102. 5.116 and 5.121).

These alteralions in External Mantle histology are broadly reflected in
alterations in the patlerns of edges of Nacre Sheels in these Regions. Further,
there are alteralions in these patterns between the medial surfaces of the Inner
Nacreous Layer and the adjacent Ouier Nacreous Laver.

To investigate these differences in lhis species. and also shell micro-
morphology al the adjacent Nacreo-prismalic Junctions. samples from the
positions | - 16 in Figure 5.12 were photographed using LM. and then cut from
the Valve for S.EM. These positions are:

I, Shoulder Region near Hinge, 2, Shoulder Region near Adductor Muscle: 3.
Ventral Pallial Gland Region; 4. Posterior Pallial Cland Region; 5. 6 and 7.
Proxima! Middle and Distal Veniral Pallial Regions; 8. Ventral Quler Nacreous
Layer and Nacreo-prismatic Junction; 9, 10 and 11, Proximal. Middle and Distal
Posterior Pallial Regions; 12, Posterior Outer Nacreous Layer and Nacreo-
prismatic Junclion; 13. 14 and 15, Proximal Middle and Dista! Anterior Pallial
Regions; 16. Anterior Quter Nacreous Layer and Nacreo-prismatic Junction.

The overall similarity in the patterns of edges of Nacre Sheets in the different
specified Regions of the shells of pearl oysters and the several olher features
cominon to all pearl oysler nacreous layers are illustrated in Figs. 5.12- 5.28,

(Ainclada maxing; 584 - 590, (£ margariiferd, and olher pearl oysters al
2.126; 5.131, a-¢; 5,133, a - ¢; 5.143: and 5.151.

FIGURE 5.12. Anclada mavina - ocation of samples for SEM. of Nacre. Tracing
of Right Valve of Anctada mavima Trom FMgure 1. aclual size showing positions

used for LM. and SEM of Medial surface of Nacreous Layers. A Anterior, V
Ventral. PL. Prismalic Layer. N Nacre.
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Figure 5,12
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0.5.1.32. Medial Inner Nacreous Layer, Shoulder Region near Hinge.

The medial surface of the Inner Nacreous Layer near the Hinge is
characterized by concentric circular and spiral patterns of Edges of Nacre Sheels.

These are joined by variously curvilinear, and fairly straight paralle] line patterns
(Figure 5.13. a and b).

The average distances beiween the Edges of the Nacre Sheels range from

80 um between a and b to 65 um belween a and ¢ and 40 um belween d and e on
Figure 513 b.

The individual Free. Partly-bound and Bound Nacre Tiles (f. pb and b in
Figure 5.13. d) throughoul this Region tend to extended hexagonal shapes with

three pairs of paraliel sides with two pairs equal in length and the other pair
longer.

[n some areas (Figure 5.13. d) the Nacre Tiles have a raised cenira) area.
Throughout the Region the Partly-bound and Free Nacre Tiles cover aboul half of
the distance beiween edges of Nacre Sheets (e, e in Figure 5.13. ¢) and the Free
Nacre Tiles are smaller with distance from the Edges of the Nacre Sheets. The

long axes of the Bound and Partly-bound Nacre Tiles are about 11 um (Figure
5.13. d).

Figure 5.13.  Ainctads mavima -Medial Suriace. Inner Nacreous Layer -
Shoulder Region near Hinge. Position 1 in Figure 5.12.
a. LM. x40 Some of the variely of pallerns of edges
of Nacre Sheels found in this region.
b. SEM. x 77 A spiral patlern of edges of Nacre Sheets.
c. SEM x 770.  Near s on Figure 4b at higher magnification.
d. SEM x 1500, Near s on Figure 4c al higher magnification.
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9.0.1.3.3.  Medial View. Inner Nacreous Layer - Shoulder Region near

Adductor Muscle.

Up to a few mm distant from the edge of the Adduclor Muscle Scar (ams
Figure 5,14 b) Lhe pallerns of Edges of Nacre Sheels here. as in 55.1.3.2., are
commonly concentric circles, less commonly spirals. with intervening curvilinear
patlerns, (Figure 5.14. a). This mixture of pallerns both near the Hinge and here
is associaled wilh numerous anaslomoses, (Figure 5.13. a and b and 5.14. e). The
partly-bound and free Nacre Tiles exlend from Lhe edge of each Nacre Sheet
aboul half way across the distance belween successive Nacre Sheets (Figure 5.14.
e and c). which in the palterns shown in Figure 5.14. e range from aboul 100um
to about half that. Where the edge of a Nacre Sheet tightly recurves on ilself (r
and x in Figure 5.14. e) the intervening Partly-bound and free Nacre Tiles may
occupy the enlire space belween Lhe recurved edge of Lhe Nacre Sheet (e, e in
Figure 5.14. f and g).

Adjacent lo the Adduclor Muscle Scar the palterns change Lo narrowly
spaced parallel patlerns (Figure 5.14. b) with much smaller Bound and Partly-
bound Nacre Tiles, (aboul 7 um in Figure 5.14. ¢ and d), than in the palterns in
(Figure 5.14. f and g) where they are aboul 10 ym in Lheir longest axes.

FIGURE 5.14.  Auwelads mavima - Inner Nacreous Layer, Medial Surface
Shoulder Region near Adductor Muscle Postion 2 in Figure 5.12.

a. LM. x 28 Some of the variely of pallerns of edges of Nacre Sheels
found in this region.

b. SEM. x 77 Pallern of narrowly spaced parallel linear edges of
Nacre Sheets adjacenl Lo Adductor Muscle Sear (ams).

1 S.EM. x 770 Higher magnificalion, centre near u Figure 5b.

d. S.EM. x 1500 Higher magnification, cenlre near z in Figure 5c,

e, SEM. x 77 Pattern of anaslomosing edges of Nacre Sheels (above

r) and recurving edges of Nacre Sheels (at and below r and at x).
It SEM. x 770  Higher magnification centre aboul r in Figure 5 e.
g S.EM. x 1500 Higher magnification, cenlre aboul y in Figure 5f.
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0.0.1.34.  Medial Surface Inner Nacreous Layer - Ventral Pallial
Gland Region.

Here the Pallerns are largely made by tightly curved, anastomosing and
recurved edges of Nacre Sheels (h. i and k respectively, Figure 5.15 b).

Where there are Llightly curved edges of Nacre Sheels (near h in Figure
5.15b) the dislance belween Lhem is about 100 um but where Lhe edges of the
Nacre Sheets approach parallel linearily (left of i, Figure 5.15. b) il is aboul 50
jum.

Where Lhe edges of the Nacre Sheels display a regularly spaced patlern
either of curves (h in Figure 5.15. b) or near straight paralle] lines (lefl of i in
Figure 5.15. b). the partly-bound and free Nacre Tiles cover aboul half Lhe
distance belween Lhe edges of the Nacre Sheels (Figure 5.15, a and b). Where

there is anastomoses or tight recurving this arrangement does not hold (Figure
5.15. ¢ and d).

The partly-bound and bound Nacre Tiles, some of which display a patlern

on their medial surface. (Figure 5.15, d). are here up to aboul 10 ym in their
longest axes.

FIGURE 5.15.  Anclada mavima - Medial Surface Inner Nacreous Layer,
Ventral Pallial Gland Region - Position 3 in Figure 5.12.

a. L.M. x 28 Kinds of Pallerns seen in this Region
b. S.EM. x 77 As for a al higher magnificalion,
6 S.EM. x 770 Higher magnification centre aboul y in Figure 5.15. b.

d. S.EM. x 1500 Higher magnificalion, cenlre aboul z in Figure 5.15. ¢.
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5.5.1.3.5. Medial Surface, Inner Nacreous Layer -
Poslerior Pallial Gland Region.

Here palterns of tightly curved. anastomosing and recurved Edges of
Nacre Sheels are joined by less Lightly curved parallel, near linear patterns,
(Figure 5.16. a). The strongly curved pallerns are most commonly concave
proximally and convex distally. (in Figure 5.16.. a and b, p and d respectively).

The parlly-bound and free Nacre Tiles cover aboul hall the dislance
between the bound edges of successive Nacre Sheels whether strongly curved and
widely separaled as al b in Figure 5.16. b, or approaching parallel linearity and
narrowly separaled as near a in Figure 5.16. b.

Where Lwo successive Nacre Sheets anastomose by the Nacre Sheel edge of
the more lateral (L Figure 5.16. ¢) recurving sharply to join the edge of the more
medial, (M Figure 5.16. ¢), the geometric relalionships of the bound and free
Nacre Tiles of the two Nacre Sheets is shown in Figure 5.16. ¢ and d. This
geometrical relationship is distinguished from Lhe recurving of the edge of the
same Nacre Sheel seen in Figure 5.14, e [ and g.

The medial geometric shapes and the orienlalion of Lheir axes are
commonly maintained throughout the full width of the spread of Free Nacre Tiles
belween Iwo successive Nacre Sheels despite Lhe progressive decrease in size
away from the edge of Lhe Nacre Sheet, (Figure 5.16, d). and often over a larger
area, (Figure 5.16, c).

FIGURE 5.16.  Ameclada mavima - Inner Nacreous Layer Medial Surface -
Poslerior Pallial Gland Region. Postion 4, Figure 5.12.

a. L.M. x 28 Pallerns of edges of Nacre Sheels in his Region.

b. S.EM. x 77 As for a above al higher magnificalion.

e, SEM. x 770 ain Figure 5.16. b is near a in Figure 5.16. c.

d SEM. x 1500 Higher magnification, same centre as Figure 5.16. c.
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55.1.36. Medial Surface, Inner Nacreous Layer -
Proximal Ventral Pallial Region.

In Figure 5.17, a and b, p is proximal and d distal.

Although there are still some anastomoses and small spiral structures and
discontinuous edges to Nacre Sheels, overall the patlern here is more even than
in Figures 5.13. - 5.16.

In Figure 5.17. a and b, lhe average dislance belween edges of Nacre
Sheels is aboul 60 um (Figure 5.17. a, b and ¢). The free and parlly-bound Nacre
Tiles extend over about half the distance between the edges to the Nacre Sheets
(Figure 5.17. ¢). The Bound and Partly-bound Nacre Tiles have long axes up to
aboul 8-9 um in length (Figure 5,17 d)

A similar anastomosis lo thal in Figure 5.16. ¢ is shown in Figure 5.17. ¢. Again
the Free and Parlly bound Nacre Tiles have locally sililar medial shapes and
similar orienlalion of Lheir axes, (Figure 5.17. ¢ and d).

FIGURE 8.17.  Amclads marina - Inner Nacreous Layer, Medial Surface -
Proximal Ventral Pallial Region. Position 5 in Figure 5.12.
LM. x 28 Patterns of edges of Nacre Sheets in this Region.
b. S.EM. x 77 As for a above al higher magnification.
e SEM. x 770 Anaslomosis of a Nacre Sheet with the next more
laleral Nacre Sheel.

d. S.EM. x 1500 Same cenlre as ¢ above,
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55.1.3.7. Medial Surface Inner Nacreous Layer -
Middle Ventral Pallial Region.

Here there are relalively large areas with pallerns of edges of Nacre
Sheels which are composed of relatively straight lines evenly and closely spaced
- about 30 - 50 pm aparl. (Figure 5.18. a. and at i in Figure 5.18. b). Other areas
have more strongly curved and anastomosing patlerns of edges of Nacre Sheels
which may be up Lo 70 ym aparl (Figure 5.18. b. k). The bands of Partly-bound
and Free Nacre Tiles extend over about half the distance between the edges of
successive Nacre Sheets irrespeclive of type of pallern (Figure 5.18. b, ¢ and d),
and Lhe length of Lhe long axes of the bound and parlly-bound Nacre Tiles is
aboul 8.0 um (Figure 5.18. d)

The free and Parlly Bound Nacre Tiles are nearly all extended hexagons in
medial view and the geomelric axes of their medial surfaces are commonly

aligned at similar angles lo the direclion of Lhe edges of lhe adjacent Nacre
Sheets. (Figure 5.18. ¢ and d).

FIGURE 5.18.  Fielads mavima - Inner Nacreous Layer, Medial Surface -
Middle Venlral Pallial Region. Posilion 6 in Figure 5.12.
a. LM. x 28 Largely parallel linear patterns of this Region.
b. S.EM. x 77 Junclion of largely parallel linear pallerns and an area of
strongly curved anastomosing pallerns.
g SEM. x 770 Narrowly spaced parallel linear pallerns near i in b
above.

d. SEM x 1500, Same cenlre as ¢ above,
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55.1.3.8.  Medial Surface of Inner Nacreous Layer -
Distal Ventral Pallial Region.

In Figure 5.19. p is proximal abd d is distal

There are relatively large areas where the pallerns of edges of Nacre
Sheets are relatively closely spaced parallel straighl lines about 30-50 pm apart
(Figure 5.19. a. b and ¢, I). Interspersed are areas of complex palterns of curved,
anaslomosing and discontinuous edges Lo Nacre Sheels (Figure 5.19. a. b and e)
where Lhe interval belween successive Nacre Sheets may be up Lo 70 pm. The
Partly-bound and Free Nacre Tiles extend over aboul half Lhe distance belween
Nacre Sheels irrespeclive of Lheir pattern (Figure 5.19. b, ¢ and e). The Bound
and Parlly-bound Nacre Tiles are aboul 6-7um in Lheir longest axes in the linear
palterns (Figure 5.19. d). The morphology of the cenlre of a spiral pallern lo
Edges of Nacre Sheels is shown in Figure 5.19. [ and g.

FIGURE 5.19.  Ainctaas maxima - Medial Surface Inner Nacreous Layer -
Distal Ventral Pallial Region. Position 7, Figure 12,
a. LM. x 28
band e SEM x 77 Strongly curved, linear parallel and complex
palterns of edges of Nacre Sheels.
S.EM. x 770 Right of i in Figure 5.19. b.

d SEM. x 15000 Higher magnificalion, same cenlre as ¢ above.

& S.EM. x 770 Cenlre of small spiral structure below and lefl of ¢ in @
above.

[ S.EM. x 1500 Higher magnificalion of struclures near centre of

Figure 5.19, [, above.
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5.5.1.39.  Medial View, Venlral Ouler Nacreous Layer
and Ventral Nacreo-prismatic Junction.

In Figures 5.20. a and b N = Ouler Nacreous Layer and PL is the medial
surface of Lhe Prismalic Layer. The patlerns of edges of Nacre Sheels near the
Ventral Nacreo-prismatic Junction (i in Figure 5.20. a and b) are markedly more
linear. continueus. and more closely spaced than in any of the regions shown in
Figure 5.13. - 5.19. The dislance belween successive edges of Nacre Sheels
remains close lo 20 pm for aboul 5 mm proximal to the Nacreo-prismatic
Junction (Figure 5.20. a, b, ¢ and top of d). where il rises Lo aboul 35 um.
(bottom of Figure 5.20. d). The Parlly-bound and Free Nacre Tiles extend for
aboul half the distance belween successive Nacre Sheels (Figure 5.19. e, f and g).
The length of the leng axes of the bound and partly-bound Nacre Tiles is about 3
nm at the Nacreo-prismatic Junclion rising Lo aboul 5.0 ym, 3 mm (Figure 5.20.
f). and 5 mm (Figure 5.20. g). proximal to it. Figure 520, e, f and g are higher
magnificalion of the ventral areas of Figure 520, b, ¢ and d.

Lines of Partly Bound and Free Nacre Tiles lie in the grooves around Lhe
medial ends of the prims jusl dislal Lo Lhe peripheral Nacreo- prismalic Junclion,
Figure 5.20, a and b).

FIGURE 5.20. Ainclada mavima - Medial Surface. Ventral Ouler Nacreous

Layer and Venlral Nacreo-prismatic Junclion. Posilion 8 Figure 5.12.

a. LM. x 28

b. S.EM. x 77 Ventral Nacreo-prismatic Junction,

B S.EM. x 77 Quler Nacreous Layer cenlre aboul 3 mm proximal Lo
Ventral Nacreo-prismatic Junction.

d. S.EM. x 77 Nacreous Layer, Cenlre aboul 5 mm proximal lo Ventral
Naereo - prismalic Junclion.

€. SEM x 1500 Higher magnification same cenlre as Figure 5.20. b.

f. SEM. x 1500 Higher magnificalion same centre as Figure 5.20. c.

£ SEM x 1500 Higher magnificalion same cenlre as Figure 5.20. d.
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9.5.1.3.10.  Medial Surface Inner Nacreous Layer -
Proximal Posterior Pallial Region.

This Region has wavy and relalively strongly curved palterns of edges of
Nacre Sheets with some anastomoses. (Figure 521, a and b).

The dislance belween successive edges of Nacre Sheets decreses from an
average of about 65 pm in the tightly curved pallern lo aboul 45 nm where there
are parallel linear patterns. (Figure 5.21. b). The Partly-bound and Free Nacre
Tiles exlend for aboul halfl the dislance belween successive Nacre Sheets, and the
size of the Free Nacre Tiles decreases with distances from the edges of Lhe Nacre
Sheets (Figure 5.21. ¢). The average lenglh of the long axes of the bound and
partly-bound Nacre Tiles is aboul 10 pm (Figure 5.21. d).

The geomelric shapes of the medial surfaces of the free and Partly bound
Nacre Tiles are elongate hexagons, and their geomelric axes are aligned al Lhe

same angle Lo the direclion of the adjacent edge of a nacre Sheel in any localion
(Figure 521, ¢ and d).

FIGURE 521, Ainclads maxima - Medial Surface, Inner Nacreous Layer -
Proximal Poslerior Pallial Region. Posilion 9, Figure 5.12.
LM. x 28 Pallerns of edges of Nacre Sheels in Lhis Region.
b. S.EM. x 77 As for a above al higher magnificalion.
e. SEM. x 770 Higher magnificalion, same cenlre as b above.

d. SEM. x 1500  Higher magnification same centre as ¢ above.
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0.5.1.3.11  Medial Surface of Inner Nacreous Layer -
Middle Posterior Pallial Region.

Here areas of parallel linear pattern Nacre Sheelt edges (Figure 5.22. a and
b) are interspersed with lesser areas wilh strongly curved relatively small
concentric circular and spiral pallerns with numerous anastomoses (Figure 5.22.
a and e). The dislance between Lhe edges of Nacre Sheels in the former is aboul
45 nm and that in the latter about 60 ym.

The parlly-bound and free Nacre Tiles extend over about half the distance

belween Lhe successive edges of Nacre Sheels in all pallerns (Figure 5.22. a. b ¢
and d).

Figure 5.22. e shows the junclion belween the Lwo Lypes of patlerns found
in Lhis Region - parallel linear pattern and Lhe more strongly curved patterns (i
and k respectively).

Figure 5.22. f and g show free Nacre Tiles in the angle belween Lwo
anastomosing Nacre Sheels. The bound and partly bound Nacre Tiles in d and g
are about Bum in their longest axes. Some of the free Nacre Tiles have a raised
central area on Lhe lateral surface (Figure 5.22. d and g). Figure 5.22. d and ¢

are enlargements of struclures in b. and f and g are enlargements of structures

in e.

FIGURE 5.22. Prrclada maxima - Medial Surface Inner Nacreous Layer
Middle Posterior Pallial Region. Postion 10, Figure 12

a, LM x 28

b. S.EM. x 17

¢. SEM. x 770 Higher magnificalion, same cenlre as b.

d. S.EM. x 1500 Higher magnificalion, same cenlre as c.

e S.EM. x77

i S.EM x 770 Higher magnificalion same centre as e.

g. SEM % 1500 Higher magnificalion same cenlre as I,
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9.5.1.3.12.  Medial Surface Inner Nacreous Layer -
Distal Posterior Pallial Region.

In Figure 5.23. P is proximal and D. distal.

The pattern of Edges of Nacre Sheets seen Lhroughout this region is of
relatively slightly curved parallel lines with few anastomoses and relatively closely
(about 35um) and evenly spaced edges of successive Nacre Sheets, Figure 523, a,
b and ¢. The Partly-bound and Free Nacre Tiles exlend over aboul hall Lhe

distance belween successive Nacre Sheels (Figure 5.23. b and ¢).

The long axes of Lhe Parlly-bound and Bound Nacre Tiles which tend to
elongate hexagons viewed laterally are about 8 um (Figure 5.23. d).

There appears lo be a central depression on the laleral surface of many

partly-bound and free Nacre Tiles (Figure 5.23. d).

FIGURE 5.23.  Ainclads maxima - Medial Surface Inner Nacreous Layer-
Distal Poslerior Pallial Region. Position 11 Figure 12,

a. LM. x 28
b. S.EM. x 77
2, S.EM. x 770 Higher magnification at same centre as b.

d. S.EM. x 1500 Higher magnficalion al same centre as c.
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9.5.1.3.13.  Medial Surface of Posterior Outer Nacreous Layer and
Nacreo-Prismalic Junction.

Prismatic Layer and Nacre are indicated in Figure 5.24. a and b by PL and
N respectively. In Figure 5.24.. ¢ and e. d indicales distal and p proximal.

The pallerns of edges of Nacre Sheets in this Region are of fairly regularly
spaced wavy lines bul with numerous anastomoses. The average dislance belween
Edges of Nacre Sheets increases from about 20um near Lhe Nacreo-Prismalic
Junction to about 35um 3mm proximal Lo it (Figure 524. b and e).

Figure 5.24., ¢ and d. and [ and g are enlargements of Figure 5.24.
b and Figure 5.24. e respectively.

The Partly-bound and Free Nacre Tiles occur on Lhe proximal half
of the distance belween Lhe Edges of successive Nacre Sheels.

The length of the long axes on Lhe lateral surface of the Nacre
Tile (which are slightly elongale hexagons) increases from about 5im
near the Nacreo-prismatic Junction (Figure 5.24. d) Lo aboul 9um 3mm
proximal to it (Figure 5.24. g).
FIGURE 524, Ainctada maxima - Medial Surface Ouler Nacreous Layer

and Nacreo-prismalie Junction - (Posterior). Position 12 Figure

12.
a. LM. x 2B
b. SEM. x 77
¢, SEM. x 770
d. S.EM. x 1500
e. S.EM. x 77
[ S.EM. x 770

g S.EM. x 1500
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5.5.1.3.14. Medial Surface of Inner Nacreous Layer -
Proximal Anterior Pallial Region.

This displays an irregular patlern of Lightly curved. shorl spiral.
anastomosing and disconlinuous edges of Nacre Sheels (Figure 5.25. a
and b). The average distance belween edges of successive Nacre Sheels
15 aboul 6um.

The micromorphology of Lhe central origin of a spiral Nacre Sheet
pallern and an anastomosis between a Nacre Sheel and the one more
lateral to it are essenlially similar. In Figure 5.25. ¢ Lhe free Nacre Tiles
al aboul [ lie on the medial surface of Lhe more lateral part of the Nacre
Sheel which has edges e and after recurving, e. The Parlly-bound and
Free Nacre Tiles extending from Lhe edge of Lhe Nacre Sheet e, e, are pb
and [ in Figure 5.25. ¢ and d.

The Partly-bound and Free Nacre Tiles occupy about the proximal
half belween Lhe edges of successive Nacre Sheets (Figure 5.25. b).

The individual Parlly-bound and Bound Nacre Tiles have an
almost ovoid appearance with a long axis averaging 10um. If. as on most
Regions of the medial surface of the valve of Zmawima the aragonite is
in the shape of an exlended hexagon, the angles are very indistinel
(Figure 5.25. d).

FIGURE 5.25.  Ainclada mavima - Media) Surface. Inner Nacreous Layer
Proximal Anlerior Pallial Region. Position 13 Figure 12.
, LM. x 28
b. S.EM. x 77
A SEM. x 770
. SEM. x 1500
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9.2.1.3.15 Medial Surface of Inner Nacreous Layer -
Middle Anlerior Pallial Region.

The patlerns of Nacre Sheel Edges here are relalively strongly
curved. shorl spiral or anastomoesing. but the lengths of relatively

straighl segmenlts are noliceably greater in Figure 5.26. a and b than in
Figure 5.25. a and b.

The Parlly-bound and Free Nacre Tiles (Figure 5.26. pb and [
respectively) cover about the proximal half of the distance belween edges

of successive Nacre Sheels which here averages 90 pm (Figure 5.26. ¢).

The Bound and Partly-bound Nacre Tiles are aboul 10 pm in their

longesl axes and have Lhe appearance of rounded extended hexagons,
(Figure 5.26. d)

FIGURE 5.26.  Amclads marima -Medial Surface of Inner Nacreous Layer

-

Middle Anlerior Pallial Region. Position 14, Figure 12.
a. LM. x 28

b. S.EM. x 77
£ SEM. x 770  Higher magnificalion, same centre as b.

(. SEM. x 1500 Higher magnification, same cenlre as c.
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55.1.3.16  Medial Surface of Inner Nacreous Layer -
Distal Anlerior Pallial Nacre.

Here Lhe patterns of Nacre Sheet Edges are a mixture of relatively
tightly curved curvilinear struclures and bent parallel lines with
occasional spiral structures and numerous anastomoses (Figure 5.27. a
and b). The distance belween successive Nacre Sheels increases with Lhe
Lightness of curvalure ranging from aboul 35 pm to aboul 120 pm
(Figure 5.27. a and b).

The Edges of the Nacre Sheels are less distinct than in any other
Region of the medial surface and there are also more relatively very
small free Nacre Tiles. Perhaps because of both of these fealures Lhe
Partly-bound and Free Nacre Tiles extend over somewhat more than half
the distance belween successive Nacre Sheet Edges. (Figure 5.27. b and
c).

The Bound and Partly-bound Nacre Tiles appear Lo be extended

hexagons with indislincl angles and have long axes of aboul 10 pm.
(Figure 5.27. d).

FIGURE 5.27.  Ainetada mavima - Medial Surface Inner Nacreous layer,
Distal Anterior Pallial Region. Pesition 15, Figure 12.

LM. x 26.

S.EM. x 77

S.EM. x 770 Higher magnificalion. same centre as b.

S.EM. x 1500 Higher magnificalion same centre as ¢
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55.1.3.17  Medial Surface. Anterior OQuler Nacreous Layer
and Nacreo-prismatic Junction.

The Outer Nacreous Layer (Figure 528. a. N) meels Lthe medial
surface of the Prismalic Layer (Figure 5.28. a, PL) al Lhe Anterior
peripheral Nacreo-prismatic Junction (Figure 5.28. a, j). For aboul Imm
proximal lo Lhis Junclion, the palterns of the edges of the Nacre Sheets
are largely of closely spaced parallel lines with few anastomoses, Lhe
direclion of the parallel lines being about normal to the Nacreo-
prismatic Junction (Figure 5.28. a and b, 1). In between these areas of
parallel lines are areas with patterns of lightly curved and anastomosing
edges to Nacre Sheets (Figure 5.28. b and e).

The distance belween successive edges of Nacre Sheets in the
parallel linear pallern ranges from 25 nm to 35 pm (Figure 5.28. b). Thal
in Lthe tightly curved paltern near e in Figure 5.28. b ranges up to 65 pm.

Proximal to these two patterns there are parallel linear patlerns
with the edges lo the Nacre Sheels aboul parallel lo Lhe peripheral
Nacreo-prismatic Junction (Figure 5.28. a. p).

Where the parallel linear paltern joing the tightly curved pattern
in Figure 19 b near b, there are numerous anastomoses of the parallel
linear edges to Nacre Sheets (Figure 5.28. ¢). Partly-bound Nacre Tiles
(Figure 5.28. ¢. pb) exlend for an abnormally long distance from Lhe
edges of the Nacre Sheets in the area near the anaslomoses so Lhal Lhe
major parl of lhe medial surface is here covered with them (Figure 5.28.
¢ and d). The Bound and Partly-bound Nacre Tiles are aboul 7 ym in
Ltheir longest axes (Figure 5.28. d).

FIGURE 5.28.  Awelada mavima - Anlerior Ouler Nacreous Layer and
Nacreo-prismalic Junction. Posilion 16 Figure 12,

. LM x 28

b. S.EM. x 77

e S.EM. x 770 Higher mag., centre near b of Fisure 528. b,

d. S.EM. x 1500  Higher magnificalion - same cenlre as c.
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551.3.18. Inner Nacreous Layer, Shoulder Region near Hinge -

Radial Broken Surface.

Viewed medially, the Nacre Tiles here appear to be about 7 pm
across. They are irregular polygons which tend towards regular hexagons
(Figure 5.29. a). The marked thickening of the Inner Nacreous Layer in
adult specimens near the middle of the Hinge compared with the Inner
Nacreous Layer near the Postero-dorsal part of the Vaive is reflected in
the thickness of the Nacre Tiles - up to 1.0 um for the former (Figure
529 b) compared with about 0.3 pm for the latter (Figure 529. c}. The
individual Nacre Tiles here show marked varations in thickness and the

lateral and medial surfaces are often curved planes (Figure 5.29. b, cp).

The radial broken surface of Nacreous layers viewed sagitlally
commonly shows Nacre Stairs. These are generated by Nacre Tiles in
successively more lateral Nacre Sheels being displaced. (eg. distally).
approximately equal amounts relative to the Nacre Tiles medial to them.
Nacre Stairs which extend through ten or more Nacre Sheels are not
uncommon. ns in Figure 529, d. is a Nacre Tile in such a Nacre Stair. In
this case the Nacre Tiles forming the Nacre Stair appear to be hooked

over each more medial partiéipant in the formation of the Nacre Stair.

FIGURE 529 Pinclada mavima - Inner Nacreous Layer, Shoulder Region
Near Hinge - Radial Broken Surface.

a. SEM. x 6000 Medial View.

b. SEM x 6300 Sagitial View near Hinge enlargement.

C. SEM. x 8000  Sagitlal View near Postero-Dorsal parl of Sheli.

d SEM x 1000 As for b, - Nacre Stairs.
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5.0.1.3.19. Venlral Outer Nacreous Layer. Nacreo-prismatic Junction,
Radial Broken Surface.
The Outer Nacreous Layer (Figure 5.30. a and b. N} in the sagittal view of
a radial broken surface tapers off quile steeply to the peripheral
Nacreo-prismatic Junction - al about 5° in figure 5.30. a. The individual
Nacre Tiles are about 0.50m thick but variable in thickness (Figure 5.30.
d) and may have curved medial and lateral surfaces (Figure 5.30. ¢. cp).
In this species the proximal end of a Growth Seale (Figure 5.30. b
GS) is commonly seen between the External Nacre (Figure 5.30. b N) and
the Major Prisms of the previous Growth Scale (Figure 5.30. b. PL) from
which it is usually demarcaled by Outer Prismatic End Plates, {OPEP in
Figure 5.30 b).
Various features of Lhe Prismatic Layer of this species are shown (Figs.
530 - 5.40), for comparison wilh that of FVetesumo ambjzuus, (Figs. 5.1,
e; 52. a and b). and Mvcw/a superba {Fig. 5.4, a and ¢). the Quler Shell
Layer of Lhe Mytilids. (Fig. 56.a. c and d: 5.7. a - ¢; 5.8, a - ¢} with the
aragonite radial Layer of a cullured pearl, (Fig. 542, a, ¢ and d), and
either in addition to or comparison with fealures of the Prismatic layer
of APmelads margaritifers, (Figs 592 - 597 598 a. b and ¢; 5.99).
Flucala(Figs 5127, 5.128), Pnctada sp. 7(Fig 5.131 ¢ - 1), Ainclada sp.
2 (Fig. 5.133. d-g) and Alervia penguin (Figs. 5.144; 5.145), Sasnomon
eptpprum (Fig. 5.152), and the origin and location of all the Martius
Yellow positive shell parls in the remaining laxa.
FIGURE 5.30. Frctada mavima - Radial Broken Surface - Ouler
Nacreous layer Near Veniral Peripheral Nacreo-prismatic Junction.
a. S.EM. x 25 Radial Broken Surface of Prismatic Layer (PL)
lateral to Outer Nacreous Layer N
b, SEM x 1600  As for "a” above.
C. S.EM. x 6300 Radial broken surface of Outer Nacreous Layer
Just beneath Nacreo-prismatic Junction.
d. SEM x 6300 Radial broken surface Outer Nacreous Layer

medial to ¢ above.
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59.1.4.1. Medial Surface Prismatic Layer distal to

Nacreo-prismatic Junction.

The medial ends of the Major Prisms of the Prismalic Layer are
irregularly polygonal and lhe sides may be quile strongly curved (Figure
531. a. c and d. ¢). Proximally. close to the Nacreo-prismatic Junclion
the adjacent prisms are closely applied to each other (Figure 5.31. b)
compared with more distally (Figure 5.31. d).

Distally, there i1s an increase in the relative numbers of smali

prisms (Figure 5.31. c. sp).

The proximal part of the medial surface of Growth Scales (i.e. lhe
surface just distal to the peripheral Nacreo-prismatic Junction} is not
covered medially by the Inner Fibrous Sheath. Thus here the medial

surface of the prisms is bare as in Figure 5.31.

FIGURE 5.31.  Awclade mexims - Medial surface of Prismatic Layer
beyond
Ventral Nacreo-prismatic Junetion.

a. SEM. x 400 Medial surface of Prismalic Layer adjacent

to Ventral Nacreo-prismatic Junction.
b. S.EM. x 3200 Higher magnification of a above.
C. S.EM. x 200 Distal Lo a above.
d. S.EM. x 3200 Higher magnification of ¢ above.
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9.5.142. Medial Surface of Prismatic Layer.

The proximal parl of the medial surface of Lhe Prismatic Layer is
invariably not covered with an Inner Fibrous Sheath (Figure 531. a - d.
Figure 5.32. a-c) but the distal part of the medial surface of both the
Major Prisms (Figure 5.32. d and e) and the Growth Processes (Figure
5.34. ¢). is. Figure 532. b and ¢ are higher magnifications of Lhe
Junction of the three prisms to the lefl and below a in Figure 5.32. a.
The structure on the mediat surface of the prism on the left in Figure

5.32. b and ¢ shows lines paralle] to side s and thal on the prism {o the

right bottom Lo side p.

FIGURE 5.32.  Anclads mavima -Proximal and Distal Medial Surface
of Growth Scale.
a. SEM. x 400 Medial Surface Proximal part Prismatic

Layer Growth Scale.

b, S.EM. x 3200
e. S.EM. x 6300
d. S.EM. x 3200
e S.EM. x 6300

Higher magnification of a.
Higher magnification of b.
Medial surface Distal part of Growlh Scale.

Higher magnificalion of d showing

Inner Fibrous Sheath.
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8.5.14.3. Lateral Surface Prismalic Layer - Quler Fibrous Sheath

The Outer Fibrous Sheath covers the entire exposed outer surface
of the Major Prisms (Figure 533. a, b. ¢ and d). The lay of the fibres is
related to the position of the underlying prisms. being denser over the
Interprismatic Organic Matrices and less dense over the centre of the
lateral ends of the prisms (Figure 5.33. b left of "a").

Anastomoses between fibres are often rounded and in any area
the roundnesses tend Lo be in the same direclion (near ds in Figure 5.33.
cand d).

The Outer Fibrous Sheath is far coarser than the Inner Fibrous
Sheath (Figure 5.32. d) and bears smali protruberances (Figure 5.33. d

near p).

FIGURE 5.33.  Anclade mavima - Lateral Surface of Prismatic Layer -
Quter Fibrous Sheath.
a. SEM x 780 Laleral view of Ouler Fibrous Sheath (OFS)
and radial broken surface of Prismatic Layer (PL).
b. S.EM. x 780 Lateral View Ouler Fibrous Sheath.
C. S.EM. x 3200 Higher magnification of b,
q. S.EM. x 8300 Higher magnification of ¢.
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5.5.1.44. Medial Surface of Growth Process.

The medial surface of the Growth Processes is covered with an
Inner Fibrous Sheath which appears in Figure 534. b and ¢ to be
identical with that of the distal Medial surface of the Major Prisms.
(Figure 5.32. d and e).

Where it is eroded Lhe irregular shape and structure of Lthe Inner
Prismatic End Plates is shown (Figure 5.34. a).

FIGURE 5.34.  Amelada mavima Medial Surface of Growth Process.

a. SEM. x 780 Denuded medial surface of Growth Process,

b. S.EM x {600 Parlly destroyed Inner Fibrous Sheath
medial surface of Growth Process.

c. SEM. x 3200 Inner Fibrous Sheath medial surface

of Growth Process.
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55.1.45. lateral Surface of Growlh Pracess.

The Outer Fibrous Sheath covers the lateral surface of the Growth
Processes except where eroded (Figure 5.35. a OFS). Where the Outer
Fibrous Sheath is eroded the underlying Quter Prismatic End Plates are
seen (Figure 5.35. a, OPEP). In this species they have a central

depression and a [ine concenlric circular patiern.

Where a medio-lalerally thin Growth Scale has broken away,
(Figure 535 b and c) the lateral surface of the underlying Growth Scale
also has an Outer Fibrous Sheath (Figure 5.35. ¢ OFS). ~

FIGURE 5.35.  Amclada mavima - Lateral Surface of Growlh Process -
Outer Fibrous Sheath - Quter Prismatic End Plates.

a. S.EM. x 780 Lateral surface of Growth Process,

b. S.EM. x 780 Broken lateral Surface of Growlh Process.

C. SEM. x 3200 As for b at higher magmficalion.
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9.0.1.4.6. Radial Broken Surface Major Prisms -

Reteform Interprismatic Organic Matrix.

This ts the most commonly seen malerial lining the radial broken
surface of the Prismalic Layer. A transverse layering of the material is
usually obvious (Figure 5.36. a). In places it has a much finer structure
than usual (Figure 5.36. b). [l is uncertain whether the material on the

left of Figure 536. b is another manifeslation of the same material.

FIGURE 5.36.  Aipctads maxima - Sagitta) View Radial Broken Surface
Major Prisms - Reteform Inlerprisniatic Organic Matrix.

a. SEM. x 1600  Radial broken face of Major Prisms.

b. SEM. x 6300  As for a.

Different. structured Interprismatic Organic Matrix.
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5.9.147 Calcite Tablels.

Unusually. a Major Prism breaks longiludinally showing broken
calcile tablets (Figure 537 a. b and ¢). The broken tablets in Figure
5.37. b are about 40 ym across and between 3-7 xm in thickness.

Lens shaped spaces can (1), be seen in Figure 5.37. b where the

Intraprismatic Organic Matrix has pulled out on fracturing.

FIGURE 5.37.  Amclads maxima - Sagittal View Prismatic Layer Radial
Broken Surface - Caleite Tablets,

a. SEM. x 780 Radial broken surface Major Prism -
broken Calcite Tablets.

b. S.EM. x 1600 As for a above al higher magnification,

C. S.EM x 1600 As for b above.
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0.5.1.4.8.  Radial Broken Surface Major Prisms - Aberrant Forms.

Major Prisms of Amaxima while irregular in cross-sectional
shape. usually tend towards constancy in their transverse dimensions
throughout their length, and the greater part of the volume of the
prismatic layer is composed of prisms of between 1200 ym? and 2000 pm?
cross-sectional area (Figures 5.31.. 5.32.. 5.33.. 5.34.. 5.35. and 5.37.).
Where the lateral end of the prisms in one specimen had cross-sectional
areas between 240 ym® and 450 ym? (a in Figure 5.38.. a) the centre to
centre dimensions were of the same order of magnitude as for normal
sized prisms and the former prisms increased rapidly in size medially so
that for the greater part of their length their cross-sectional area was
normal (Figure 5.38.. b).

Prisms with abnormally small cross sectioal areas on an otherwise
normal lateral surface of a Growth Scale commonly taper to a point
where they terminate within the Growth Scale. (p. p in Figure 5.38. b).

Outer Prismatic End Plates are usually slightly convex. (OPEP in
Figure 5.38, b). Where there appears to be a Jjuxtapposition of Growth
Scales divided by neither an Inner Fibrous Sheath nor an Outer Fibrous
Sheath the lalteral surface of the Major Prisms of the more medial
Growth Scale may be concave, (e in Figure 5.38. ¢).

Interprismatic Organic Matrix appears to project upwards in the
grooves separating the lateral surfaces of the Prisms (i in Figure 5.38. d)

and in places appears torn. (1 in Figure 5.38. ¢ and d).

FIGURE 5.38.  Amclada mavima - Sagitlal View ofRadial Broken Surface
of Prismatic Layer - Aberrant Forms.

a. S.EM. x 780 Aberranlly decreased lateral ends of Prisms.

b. S.EM. x 400 Apposition of surfaces of two Growth Scales,

C. S.EM. x 1600 As for b above.

d. S.EM.x 3200 Outer surface of a Growth Scale.
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0.14.9.  Sagittal View Radial Broken Surface of Prismatic Layers.

Growth Processes - Linear Pattern Interprismatic Organic

Matrix.

Linear Patlern Inlerprismatic Organic Matrix is often seen on the
radial broken surface beween Growth Process prisms (Figure 5.39. a. b

and c. ip). and. less [requently. Major Prisms.

On the other parts of the same radial broken surfaces Reteform

[nter-prismatic Organic Matrix occurs. (Figure 5.39. b and ¢, ri).

Outer Fibrous Sheath covers the lateral surface of the Growth

Process. (ofs in Figure 5.39. ¢).

FIGURE 8.39.  Anclada maxima - Sagiltal View of Radial Broken Surface
of Prismatic Layer Growth Process. Linear Patiern Interprismatic
Organic Matrix.

a. SEM x 860 Near the Proximal Origins of three Growth
Processes.

b. SEM x 860 Interprismalic Organic Matrices near the proximal
origin of a Growth Process.

c. S.EM. x 3200 Reteform and Linear Pailern Interprismatic Organic
Matrices.
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2.0.1.5. LM Prismalic and Nacreous Layers. Decalcified Shell.

The Nacreous Layers in radial section of decalcified Valve appear

as anastomosing and splitting bands of fibrous material (Figure 540 a N).

The Proximal end of Growth Scales {Figure 5.40. a. (S} start as
narrow bands of Prismalic Layer material between bands of Ouler

Nacreous Layer.

Distal to the Nacreo-prismatic Junction the medial surfaces of
the Prismatic Layer and Growth Processes are covered with the Inner
Fibrous Sheath (Figure 5.40. b, ifs). This stains puce with A.B./MS.B.

In sagiltal view of radial section the Transverse Paralle] Side Wall
Organic Matrices usually slain yellow gold with MSB. or AB/MS3B. (p in
Figure 540. 2, b, ¢. d and e) bul in places (often in bands) may stain
differently (f in Figure 5.40. ¢ and e). The non-yellow/gold staining
Transverse paraliel malerial appears to be partly destroyed by acid
decalcification {f. { in Figure 5.40. c).

Remnants of Intraprismatic Organic malrix are seen in Figure
5.40. e (1. 1). They slain turquoise with A.B./M.SB.

Cuter Prismatic End Plates (OPEP) and Inner Lateral Struclure
(ILS) occur in the lateral parl of Major Prisms (Figure 540. e},

FIGURE 540 Anclada maxima. LM, Decalcified Shell.

a. MS.B x 310 Radial Seclion near peripheral Nacreo-prismatic
Junclion.

b. M.SB x 1200 Prismatic Layer [nner Fibrous Sheaths.

c. MSB. x 1200 Sagittal View Prismalic Layer Radial Section,

d. M5B x 1200 Transverse Paraliel Side Wall Organic Matrix.

e M5B x 310 Shgtly slanling near sagitlal seclion through

junetion of two Growth Scales.
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55.16. Cultured Pear].

The broken radial surface of a cultured pearl, outside the nucleus,
has three types of layer. Opposed to the nucleus is a thin, apparenily
non-calcareous fibrous layer (f in Figure 541 a. b, and d and in Figure
5.42. b).

Outside this is a calcareous layer with radial lines which
resembles the simple aragonite prismatic layer of Vetasumio ambjouus -
Radial Layer, (r in Figure 541 a. b. ¢ and d and in Figure 5.42. 2. ¢ and
d).

Outside this is the nacreous layer {n in Figure 5.41. a. b, ¢ and e,
and in Figure 542. a and d).

FICURE 5.41.  Ainctad mexima - Radial Broken Surface of Cultured
Pearl.

a. S.EM.x 40 Fibrous Layer. Radial Layer and Nacre.

b. S.EM. x 400 Fibrous Layer Radial Layer and Nacre.

¢, SEM. x 780 Radial Layer and Nacre.

d. SEM %3200 Tibrous Layer and Radial Layer.

e. S.EM x 3200 Nacreous Layer.
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5.5.1.6. Cultured Peart (Continued).

The fibrous layer opposed to the nucleus has a structure of very
short fibres (2 pm x 0.3 um) lying parallel in rows, (Figure 5.42. b. f).
The fibres lie at about 60° to the direclion of the rows (Figure 5.42. b).

Near the nucleus the Radial layer alternates with thin bands of

Nacreous Layer (r and n in Figure 5.42. a).

The aragonite radial Layer is shown at higher magnification in
Figure 542 ).

The Nacre Tiles of the Nacreous Layer are aboul 0.6 um thick. {at
n in Figure 5.42. d).

FIGURE 5.42. Frnclaas maxima - Fibrous Layer, Radial Layer and

Nacreous Layer of Cultured Pearl.

a SEM x 770 Alternatling Radial Layers and Nacreous Layers
in radial broken surface.

b. S.EM. x 6300 Inner surface of Fibrous Layer.

C. s EM. x 3200 Radiai Layer Radial Broken Surface.

d. S.EM x 3200 Junction of Radial Layer and Nacreous layer -
Radial Broken Surface.
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5.5.1.6.  Cultured Pearl (Continued).

The Nacreous Layer of cultured pearl is essentially similar to the
Inner Nacreous Layer of a Ainelada maxime Valve. Away from the Radial
Layer. the Nacre Tiles are about 0.4 um thick and about 45 ym across
(Figure 5.43. a and ¢). What appears to be a layer of thickened Nacre
Sheet Nacreous Organic Matrix is labelled nom in Figure 5.43. a.

The Inler Nacre Tile Organic Matrices in some places lie in the one

plane over several Nacre Sheets (om - om in Figure 5.43, b).

Centrally placed on a number of Nacre Tiles are depressions on
their lateral surface (d in Figure 5.43. b and ¢).

FIGURE 543, Aclads maxima - Radial Broken Face of Cultured Pearl.
Nacre Tiles and Nacreous Organic Matrices.

a. T.EM. x 3200 Nacre Tiles in Nacre Sheets

b. T.EM. x 6360 Planar lines of Inter-nacre Tile Organic Malrices.

c. T.EM. x 6300 Surface depressions on the medial surfaces of

Nacre Tiles.
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9.9.1.7. Shell Damage from Boring Sponge.

Cavernous damage from boring sponges is common in the
Nacreous Layers of pearl shells (cd in Figure 544. a and e). and
uncommon in their Prismatic Layer (c in Figure 5.44. a). In Prismatic
Layer the damage is more usually confined to a single Major Prism (p in
Figure 544. ¢) or a group of adjacent Major Prisms (p in Figure 5.44. a
and c¢). The Prismatic Layer adjacent lo invaded regions may be
unaffected (PL in Figure 544. b and ¢). In Valves where the Prismatic
Layer is still largely intacl and structurally little affected the underlying
Nacreous Layers are often largely destroyed (Figure 5.44. e).

Destruction of the calcite tablets (¢ in Figure 5.44. d). of a Major
Prism often leaves the intervening Intra-prismatic Organic Matrices more
easily seen than in a radial broken face of Prismatic Layer (i in Figure
5.44. d). Where a Nacreous Layer is being destroyed it appears that
destruction proceeds from the periphery of each Nacre Tile (Figure 5.44.
f). Where destruction of the Inner Nacreous Layer reaches the medial
surface of the Nacre the destruction commonly involves destruction in a
lace-like pattern (at N in Figure 544. g) around the centre of

destruction.

FIGURE 5.44.  FAinclada maxima -Destruction of Shell Layer of Amaxima

by a Boring Sponge.

a. S.EM. x 160 Radial Broken surface of Prismatic Layer PN and
Nacreous Layer N.

b. S.EM. x 92 Invasion of a single Major Prism.

C. S.EM. x 370 Boring Sponge in Prismatic Layer.

d. S.EM. x 5800 Prismatic Layer Calcite Tablets separated by
Intraprismatic Organic Matrix.

e. S.EM. x 91 Cavernous Destruction of Nacre.

f. SEM. x 2900 Remnant Extended hexagons of Nacre Tiles

g S.EM. x 740 Damage to medial Nacreous Surface.
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9.0.1.8.  Tissues and Glands of External Mantle.
55.18.1.

The Exlernal Mantle is divided on histological grounds into the
Shoulder Region, which opposes the Shoulder Region of the Valve; the
Pallial Gland Region (PGR between asterisks in Figure 5.45. a); Proximal
Pallial Region. (PPR benealh the aslerisk in Figure 545 a); the Middle
Pallial Region, (MPR, Figure 5.45. b); the Distal Pallial Region (DPR. in
Figure 545. ¢). and the Distal Folded Region (DFR. between the asterisks
in Figure 5.45. d).

For orientation. the Folds of the Mantle Margin (5.1.9) are also
shown on Figure 5.45.. where [ is laleral. m is medial. F1. is Mantle Margin
Fold F1., F2. 1s Mantle Margin Fold F2. and F3. is Mantle Margin Fold F3..

FIGURE 545, Ancleds mavima ~ Histological Regions of the External
Mantle

and the Mantle Margin Folds from Pallial Gland te LatF3..

a. LM. x 38 Radial Section of Pallial Gland Region and Proximal
Pallial Region.

b LM. x 38 Middle Pallial Region.

e, [.M. x 38 Dislal Pallial Region.

d. LM, x 38 Distal Pallial Region
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5.51.8.2. The Isthmusistic Epithelium.

The Isthmusistic epithelium is an extremely elongale columnar
epithelium with very elongale subcentral Nuclei (Figure 5.46. nu. with
prominent nucleoli (Figure 5.46. ni). There are areas of densely packed
endoplasmic reticulum (Figure 546. er). visicles (Figure 5.46. v) and
elongale mitochondria (Figure 546, mil) in the sub-apical and Lhe
central cytoplasm. The apical cyloplasm bears small electron dense
granules (Figure 546, edg) and numerous rounded milochondria (Figure
5.46. mi).

The Llissues of Lhe various specified Regions of Lhe Exlernal mantle and
Manlle Margin of Lhis species are illustraled. (Figs 5.45 - 5.81) lo maleh
the previously given illustralions of the same Regions of the valve, (Figs.
5.12 - 540). Species specificily of the histologies of Lhe External Mantle
and Mantle Margin of the Ameladiais illustrated by contrasling the above
with the equally detailed illustralions of the same specified Regions of
the Manlle and Mantle Margin of Anclsds marvarslifers, (Figs. 545 -
5.81), and with illustralions of Lhe Exlernal Mantle and Mantle Margin in
olther species of Amelsda. (Figs. 5.129; 5.130; 5.134; 5.136; 5.138; 5.139.
5.140. 5.141; and5.142). Rigid species specificily of the histologies of the
Mantle Margin lissues is illustraled in differenl specimens of AZa/bipa
sueillala in Fig. 5.141. The illustralions of Lhe Llissues of Lhe various
Regions of the Exlernal mantle and mantle margin of Lthe Aaecfadzshould
be conlrasled wilh Lhose of Lhe same regions of Lhe Alema fagnomon
and #a/teus and also those of the same Regions of Lhe Oslreordea
Limopsordeaand Arcordes,
FIGURE 5.46.  Amelads mavima lsthmusistic Epithelium.
a TEM. x 3500 Isthmusistic Epilhelial Cells from Basemenl
Membrane Lo Apical Membrane.
b TEM. x 18000 Apical cyloplasm,
¢ TEM. % 18000  Parl of Nucleus and central cyloplasm.
. TEM. x 18000 Organelles of the sub-apical eyloplasm.
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5.5.1.8.3. Shoulder Region.

Secretory material organised into membranes is commonly seen
between the Shoulder Region surface epithelium and the adjacent medial
surface of Lhe Inner Nacreous Layer (Figure 5.47. a). The Shoulder
Region surface eptihelium is underlain by a massive glandular structure
- Lthe Shoulder Gland. This glandular structure is up Lo about 500 pm
thick latero-medially. ({In Figure 547. | is laleral, m. medial and | of c.
is medial lo m of b.. | of d. is medial Lo m of ¢.). All the underlying
unicellular glands discharge through Lubules inlo the space lateral to the
Shoulder epithelium.

The umecellular secrelory glands consist of Spherular Cyloplasm
Turquoise Glands (Figure 547. b T). Trabecular Turquoise Glands (Figure
547. b and ¢ TT) and several varielies of Granular Cytoplasm Secretory
Glands (gc in Figure 547. b, ¢ and d). The cell bodies of the lalter lend
lo be silualed deep Lo Lhose of the Turquoise Glands (Figure 547. b, ¢
and d).

Nerves infillrate Lhe entire glandular structure. There are Lhree
distinel kinds of neurosecretory granule: large spherical granules as al
n in Figure 547. ¢; small spherical granules as al n in Figures 547. d
and e; and ovoid shaped granules as al N in Figures 547. d and e.
FIGURE 547. Znclada martma - Glands and Secrelion of the Shoulder

Gland.
TEM x 18000 Membranous Secrelion.
TEM. x 1800 Superficial one Lhird (aprox.) of Shoulder Gland.
T.EM. x 1800 Middle one Lhird (aprox.) of Shoulder Gland.
TEM. x 1800 Decp one Lhird (aprox) of Shoulder Gland.
£ T.EM. x 7000  Neural struclures of Lhe Shoulder Gland.
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55.1.82  The Isthmusistic Epithelium.

The Isthmusislic epithelium is an extremely elongate columnar
epithelium with very elongale subcentral Nuclei (Figure 5.46. nu. with
prominent nueleoli (Figure 5.46. ni). There are areas of densely packed
endoplasmic reticulum (Figure 546. er), visicles (Figure 5.46. v) and
elongate mitochondria (Figure 546. mit) in the sub-apical and Lhe
central cyloplasm. The apical cyloplasm bears small electron dense
granules (Figure 546 edg) and numerous rounded mitochondria (Figure
5.46. mi).

The lissues of the various specified Regions of Lhe External mantle and
Mantle Margin of this species are illustraled, (Figs 5.45 - 5.81) Lo malch
the previously given illustralions of Lhe same Regions of Lhe valve, (Figs.
512 - 5.40), Species specificily of the histologies of Lhe Exlernal Mantle
and Mantlle Margin of the Ameladiis llustraled by conlrasting the above
with Lhe equally delailed illustrations of the same specified Regions of
the Mantle and Mantle Margin of Awelads marzaritifera, (Figs. 545 -
5.81), and with illustrations of the Exlernal Mantle and Manlle Margin in
other species of Amelads, (Figs. 5.129; 5.130; 5.134; 5.136; 5.138; 5.139.
5.140. 5.141; and5.142). Rigid species specificily of Lhe hislologies of Lhe
Mantle Margin lissues is illustraled in different specimens of /el
sygifata in Fig. 5141, The llustralions of Lhe Llissues of Lhe various
Regions of Lhe Bxlernal mantle and mantle margin of the Aeladashould
be contrasled wilh those of Lhe same regions of the Aleris, fsaznomon
and #alews and also Lhose of Lhe same Regions of Lhe @slreorndea
Limapsordeaand Arcorded,
FIGURE 546, Ancleds maxima 1sthmusistic Epithelium,
a TEM x 3500 Isthmusistic Epithelial Cells from Basemenl
Membrane Lo Apical Membrane.
b TEM. x 18000  Apical eylopliasm
. TEM x [BOOO  Parl of Nucleus and central eyloplasm.
il TEM x 10000 Organelles of the sub-apical eyloplasm
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55.1.8.3. Shoulder Region.

Secretory material organised inlo membranes is commonly seen
between the Shoulder Region surface epilhelium and Lhe adjacenl medial
surface of the Inner Nacreous Layer (Figure 547, a). The Shoulder
Region surface eplihelium is underlain by a massive glandular struclure
- Lhe Shoulder Gland. This glandular strueture is up lo aboul 500 ym
thick latero-medially. (In Figure 547. | is lateral, m, medial and | of ¢
is medial lo m of b, | of d is medial Lo m of ¢.). All the underlying
unicellular glands discharge through Lubules into the space lateral Lo Lhe
Shoulder epilhelium.

The unicellular secrelory glands consist of Spherular Cytoplasm
Turquoise Glands (Figure 547 b T), Trabecular Turquoise Glands (Figure
547. b and ¢ TT) and several varielies of Granular Cyloplasm Secrelory
Glands (ge in Figure 547 b. ¢ and d). The cell bodies of the latter lend
to be situated deep Lo those of Lhe Turquoise Glands (Figure 5.47. b, ¢
and d).

Nerves infiltrate the entire glandular structure. There are three
distinet kinds of neurvsecrelory granule: large spherical granules as al
nin Figure 547 ¢, small spherical granules as al n in Figures 547. d
and e; and ovoid shaped granules as al N in Figures 547 d and e.
FIGURE 547, Amelada mavima -Glands and Secrelion of the Shoulder

(land.
a. TEM. x 18000 Membranous Seerelion.
b. TEM. x 800 Superficial one third (aprox.) of Shoulder Gland.
g TEM. x 1800  Middle one Lhird (aprox ) of Shoulder Gland.
d. TEM. x 1800 Deep one Lhird (aprox) of Shoulder Gland,
e TEM x 7000 Neural struclures of Lhe Shoulder Gland
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9.5.1.84.  Shoulder Region - Acute Inanition.

With inanition for a period of two weeks the morphology of the
Shoulder gland allers draslically in thal il conlracts from about 500 pm
in depth to aboul 100 pm in depth. There are far fewer Trabecular
Turquoise Glands and Lhe Granular Cyloplasm Secretory Glands markedly
decrease in size bolth by decrease in size of lhe granules bul more
noliceably by a greal decrease in the inlergranular eyloplasm (Figure
0.48. a ¢ [ Figure 547. b, ¢ and d).

Jecreled material from the Shoulder Gland of Lhe slarved animal
consists largely of disinlergrating granules and vesicles from the apical
microvilli of the surface epilhelium.

FIGURE 5.48. Amelada mavima Shoulder Epithelium and Shoulder Gland
in Acule Starvalion,

i TEM. x 1800. Shoulder Gland in acute inanition,

b. TEM x 7000. Secretions of Shoulder Gland in inanition.
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55185 LM Pallial Gland,

The Pallial Gland in this species is aboul 100 ym in thickness.
The unicellular glands are Trabecular Turquoise Glands (TT in Figure 5.49.
b and c) and several types of Granular Cytoplasm Secrelory Glands (1, 2
and 3 in Figure 5.49. a).

A dense fibrous connective Lissue separates the bodies of Lhe
secrelory glands from Lhe surface epithelium and from each other. (¢ in
Figure 5.49. b and ¢)

FIGURE 5.49.  Aneclads maxime Pallial Gland
a. LM. x  Mallorys

b LM. x AB/MSB.

¢ LM x AB/MSB.
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95186 TEM. Pallial Gland,

The cytoplasm of al leasl some Trabecular Turqueise Glands of
Lhe Pallial Gland is striate especially in thal parl of Lhe gland near Lhe
epithelial surface (1T in Figure 5.50, a and ¢). Deeper in the Pallial Gland
the eytoplasm is the more frequently seen fairly fealureless lighl grey
between trabeculi (TTa in Figure 550. a).

Nerves with fine spherical neurosecrelory granules are commonly
seen adjacenl to Trabecular Turquoise Glands (n in Figure 5.50. ¢),

The surface epithelium has microvilli wilth pronounced terminal
vesicles (SV in Figure 5.50. b) which bud off as secreled vesicles (V in
Figure 5.50. b)

FIGURE 550 Aipedada mavima Pallial Gland.

a; TEM. x 1800 Glands of Lhe Pallial Gland.

b. TEM. x 18000 Secreled Vesicles from Terminal microvilli.
e, TEM. x 7000 Neural supply Lo a Turqoise Gland.
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5.5.1.87. TEM. TS8. Nerve Trunk Pallial Region.

Relalively large nerves run in Llhe [librous connective Lissue
belween the secrelory struclures of Lhe External Mantle and the
underlying musculature. Relalively large neurosecrelory granules are
concentrated in places near Lhe periphery of the nerve trunk and in
nerve branches (G in Figure 5.51.). There are concentration of very small
neurosecretory granules in nerve fibres wilhin Lhe nerve trunk (ng in
Figure 5.51.).

The nerve Lrunk is surrounded by a shealh (S in Figure 551 ) with
specialised sheath cells with flaltened nuclei (Figure 5,51 ¢) lying against
its ouler surface.

FIGURE 551 Ametads mavima Nerve Trunk in Pallial (iland.
TEM. x 6000
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9.5.18.8. LM Proximal, Middle and Distal Ventral Pallial Regions.

The Proximal Pallial Region has a columnar epilhelium. This is
commonly disrupted by ovoid shapes of Lhe intraepithelial parl of
Turquoise Glands. Since these appear considerably more commonly Lhan
subepithelial Trabecular Turquoise Glands il seem likely that many of
them are wholly intraepithelial. Trabecular Turquoise Glands do nol
stain with Mallorys and hence appear as open spaces wilh whispy
trabeculae (TT in Figure 5.52. a). Granular Cyloplasm Secrelory Glands
are rare,

Middle Pallial epithelium is like Lhe Proximal Pallial Epithelium
bul there is a small increase in numbers of both Trabecular Turquoise
Glands and Granular Cytoplasm Secrelory Glands (G in Figure 552, b)
Again for the reasons given above Il appears Lhal Lhese are Lwo
populalions of Trabecular Turquoise Gland one of which is wholly
intraepithelial (TT in Figure 552. b). The Distal Pallial Epithelium has a
stronger and deeper fibrous conneclive lissue lhan Lhe other Pallial
Regions (Figure 5.52. ¢). There is a furlher increase in secrelory sglands
especially Trabecular Turquoise Glands of both intraepilhelial and
subepithelial Lypes Lo the exlent Lhat Lhey largely obscure the struclure
of the Pallial epithelium (Figure 552. ¢ TT)

Al its distal parl the Distal Pallial Region librous conncclive tissue
becomes shallower and the densily of Trabecular Turquoise Glands
decreases (Figure 5.52. d). Secretion from the Turqumse Glands form
sheels of secrelory malerial which enlrap secreled granules from Lhe
other secrelory glands (s in Figure 552 d).

FICURE 552.  Awelads mavima Proximal Middle and Distal Venlral

Pallial Regions.

LM, x 460  Mallorys Proximal Pallial Region.

b. LM x 770 AB./MSH Middle Pallial Region
¢ LM. x 770 AB./M.SB. Distal Pallial Region.
| LM x 770 AB./MS.B. Distal parl of Distal Pallial Region,
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5.5.1.8.9. Middle Ventral Pallial Region.

With TEM. Llhe striale nalure of the cyloplasm of an
intraepithelial Trabeeular Turquoise Gland is shown (Figure 5.53. TT). The
nucleus of the Turquoise Gland is moulded lo the positions of the
cyloplasmic lrabeculae (Figure 5.53. n).  Adjoining the Trabecular
Turquoise Gland is Lhe nucleus of a surface columnar epithelial cell
(Figure 5.53. nu).

Fine and coarse neurosecrelory granules occur in nerves
supplying the secrelory lissues (ng in Figure 5.53.).

FIGURE 553 Fmeloda mavims  Middle Venlral Pallial Region.
TEM. x 8500.  Secretory Glands and their nerve supply.
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5.5.1.8.10. Distal Folded Region.

A surface epliehlium of columnar cells with secrelory apical
microvilli covers the Distal Folded Region. Here Lhe dense subepilhelial
fibrous conneclive lissue is much reduced relative Lo Lhe Pallial Regions
(f in Figure 554. b). There is also a reduction of intraepliehlial
Trabecular Turquoise Glands bul an increase in Granular Cyloplasm
Seeretory Glands (1T and G respectively in Figure 5.54. a and b). There is
a complex of subepithelial sinus (S in Figure 5.54. b).

FIGURE 5.54.  FAnclads mavima Distal Folded Region.
. LM. x 770 AB/MSB  Epithelium and Subepithelium Glands.

b LM. x 770 AB./M.SB. Epithelium and Subepilhelium Glands and
Jinus
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55.1.8.11. Distal Folded Region.

The pronounced foldings of Lhis Region are lined exlernally by
elongate apical microvilli, (e in Figure 555 a and d).

As well as Trabecular Turquoise Glands and a variely of large
granuled Granular Cytoplasm Secrelory Glands (1T and G in Figure 5.55.
a. b and ¢) characlerislic of Lhis area is a species of secrelory gland with
evenly sized small spherical granules (S in Figure 5.55. a. b and ¢).

These latler occur bolh in the subepithelium and intraepilhelially
(S in Figure 5.55. a)

The subapical cyloplasm of the surface epithelium displays
numerous vesicles, membranous structures and milochondria, (V. [ and
m in Figure 555 d)

FIGURE 5.55.  Amelada maxuma Secretory Structures of Distal Folded

Epithelium.
a. T.EM. x 1800  Secrelory Structures of surface infolding
b, TEM. x 1800 Unicellular Secrelory Glands.

T.EM. x [B00  As for b. above.
. TEM x 7000 Ultrastructure of surface epithelial cells.
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5.5.1.8.12. Glands and Secreted Malerial Distal Folded Region.

Secreled from Lhe Distal Folded Region are bodies which appear
striale in seclion, are oflen adjacenl in Lhe Llissue with Trabecular
Turquoise Glands, and usually display electron dense granules (b in
Figure 556. a, b. c. e and f).

They are of Lhe same order of magnilude as the inlra-Lrabecular
segmenls of Lhe cyloplasm of the Turquoise Glands (Figure 5.56. a and e},
which in Lhis location are also striate (Figure 556. b and d)

They somelimes have associaled milochondria which also oceur
on Lhe Lrabeculae of Trabecular Turquoise Glands (m in Figure 5.56. ¢).

They appear Lo unravel following secretion. (Figure 5.56. f)

FIGURE 556,  Fwelads mavine Striale Secrelory Bodies of Dislal Folded
Region.

d. TEM. x 3500 Striale bodies adjoining Trabecular Turqueise Glands.

b. TEM. x 18000 Higher magnification of striate body in a

e TEM x 18000 Milochondria associated with striale body in a.

d. TEM x 18000  Striate cyloplasm of Trabecular Turqoise Gland

and nueleus of epithelal cell - Higher magnification of a.
¢ TEM x 3500 Trabecular Turqoise Gland and striale bodies.

f. TEM. x 18000  Unravelling secreled striiale bodies
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5.1.9 LM and T.EM, of Mantle Margin.

9.1.9.1. lalFl.

The secretion produced by Proximal LalFl. consists of a [ine
vesiculate secretion from swollen ends of apical microvilli, and Lhe
products of Lhe unicellular glands including cyloplasmic granules (V and
G respectively in Figure 5.57. a).

The Trabecular Turquoise Glands and Lhe species of unicellular
secrelory gland with small spherical cyloplasmic granules seen in Lhe
Distal Folded Epithelium persist in the Proximal latFl. (TT and S in
Figure 557, b).

The Mantle Edge Gland (Middle latFl.) consists of elongate
columnar epithelial cells, is almosl devoid of unicellular secretory Glands
and generales a gecrelion consisling almosl exclusively of vesicles from
the swollen ends of surface epilhelial apical microvilli (V in Figure 5.57. ¢
and d),

The Terminal Fl. epithelium (ie. Distal latFl) is an
unremarkable columnar epithelium (T mn Figure 557, e). A few of the
small Trabecular Turquoise Glands (IT in Figure 557 e) discharge
through it, bul most of the Oveid Blue Glands (obg in Figure 5.57. ) and
Lhe other unicellular glands of Terminal F1. discharge Uhrough Dislal
MedF1..

FIGURE 557  Awelada mavima |alFl.

a. T.EM. x 3500 Proximal LalFl,

b TEM x 3500  Proximal Middle LatF1

TEM x 1800 Mantle Edge Gland (Middle LalF1 )
LM, x 770 Mantle Edge Glands (Middle LalF1)
¢ LM x 770 Terminal F1 (Distal LatF1.).
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5.5.1.92  Terminal LalF1. and Ovoid Blue Glands.

The Terminal Epithelium of Distal LatF1. (T in Figure 5.58. a and
b) bears apical microvilli. Very small Trabecular Turquoise Glands lie

intraepithelially or just benealh lhe Basemenl Membrane and secrele
laterally (TT in Figure 5.58. b).

Ovoid Blue Glands and Granular Cyloplasm Secrelory Glands lie in
Lthe Terminal Fl. parenchyma and secrete Lhrough Distal MedFl. {obg and
G respeclively in Figure 5.58. a and b).

FIGURE 5.58. Awmeteds mavima Terminal LalFl. and Oveid Blue Glands.
a. TEM x 1800 Terminal Epithelium and Ovoid Blue Glands and
olher

unicellular seerelory glands of Terminal F1..
b. TEM. x 1800 As for a. above,
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55193 Dislal Middle and Proximal MedF!..

Distal MedF1. (Figure 5.59. a and b) has a low columnar surface
epithelium with a relatively insignificant subepithelial connective tissue.

The populalion of unicellular glands in the parenchyma varies
from place to place around the periphery. However Lhere are lwo species
of glands nearly unique Lo this location and nearly ubiquitously present
in all radial sections studied. They are Lhe Ovoid Blue Glands (obg in
Figure 559. a) and the Dislal Diffuse Glands (DD in Figure 5.59. b). Both
discharge via fine Llubular structures Lhrough the Dislal MedFl
epithellum. The Distal Diffuse Glands in Uhis species stain amber with
Mallorys. khaki with M3B. clarel red with Azan. gold khaki with
AB./MSB. (Figure 559. b) and liverish grey wilh Steedmans

The Middle MedF1  bears a columnar epithelium which is
characteristically formed inlo shorl plateaux divided by narrow vee
shaped infoldings (I in Figure 559 c¢). There is a dense subepithelial
fibrous conneclive Llissue in which Lhe ecircular muscle fibres (em in
Figure 5.59. ¢) lie in lacunae (L in Figure 559. ¢). The subepithelium
bears Trabecular Turquoise Glands and Granular Cyloplasm Secretory
Clands which vary with Lhe position on the periphery (1T and G
respeclively in Figure 5.59. ¢).

The Proximal MedF1. has a strong columnar epilhelium (e in
Figure 5.59. d). a less conspicuous subepithelial connective lissue and Lhe
circular musculature which is shallow to a stronger radial musculature,
(em and rm respeclively of Figure 559. d). is separaled from lhe
Basement Membrane of the surface epilhelium by diffuse fibrous
connective Lissue (Figure 559 d)  There is an inerease in number and
size of Trabeeular Turqumse Glands compared wilh Lhe rest of MedF1. (TT
in Figure 5.59.).

A seerelion which stans turquoise with AB/M3B. (S in Figure
359 d} is codnlribuled Lo by Lhe seerelory structures of MedFl. and lies
belween the surface epilhelivm and Lhe Pleated Secretion of Groove FIF2
(e and P respectively in Figure 5.59. d)



FIGURE 5.59.

a. LM. x 770
b LM. x 770
c. LM, x 770
d. LM x 770
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Prnelada mavima Medll .

Distal MedF1. near Terminal F1..
Distal MedF1. proximal Lo a.
Middle MedF] ..

Proximal MedF1,
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0.5.1.94  Dislal Middle and Proximal MedF| .

TEM. shows thal the entire surface epithelium of MedF1.

Proximal. Middle and Distal, (Figure 5.60. a. b and ¢ respectively), bears
apical microvilli,

Ovoid Blue Glands secrete into Dislal and Middle MedF1. (Figure
2.60. a and b respectively). They are rare in the laller location.

The apical eyloplasm of the surface epilhelium is highly vesiculale
(a in Figure 560 a4, b and ¢)

Granular  Cyloplasm  Secrelory Glands and more common
proximally Trabecular Turquoise Glands lie in the subepilhelium and
secrele inlo Groove FIF2, (Figure 5.60. a, b and ¢),

FIGURE 5.60.  Ainclads mavimae Distal Middle and Proximal MedF] .

a. TEM. x 1800 Ovoid Blue Glands and other unicellular glands of
Distal MedF|.

b. T.EM. x 1800  Ovoid Blue Glands and olher unicellular glands of
Middle MedF] .

e TEM. x 1800 Epithelium and Trabecular Turquoise Glands of
Proximal MedF'
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55.1.9.5. Apical Groove FI1F2,

Figure 5.61. illustrates many of the histological features of this
Region. Proximal to Lhe Proximal MedFl. (PMF1. in Figure 5.61.) the
Omega Gland (0 in Figure 561.) occupies Lhe lateral surface of the apex.
The distal parl of the Omega Gland (d in Figure 5.61.) encloses unicellular
seerelory glands usually ineluding large Trabecular Turquoise Glands (1T
in Figure 5.61.). The proximal parl of the Omega Gland appears Lo be a
Lruly stralified epithelium. The ouler surface is composed of Celtic
Seroll Cells (e in Figure 5.61.). Deep Lo Lhese are the Multivesiculate Cells
(mv in Figure 561.). From Lhe Apical Channel (A in Figure 561.) issues
Lhe Plealed Secrelion of Groove FIF2,, (P in Figure 561))

The Omega Gland Cells are opposed across the Apical Channel by
the Daclylocyles (D in Figure 5.61.) These are elongale specialised
columnar cells and have elongale centrally placed nuclei. They slain
pink with A.B./M.S.B. Medial to them, and also elongale columnar cells in
this species. are Lhe Black Granule Secretory Cells (b in Figure 5.61)
These have rounded basal nuclei and slain greenish with AB/MSB

Distal to these are the epithelium and subepilhehal glands of Proximal
LatF2, (PLF2. in Figure 5.61.).

The epithelial struclures of Apical Groove FIF2. are underlain by
the slrong dense Subapical Connective Tissue (sct in Figure 5.61) A
branch of the Circum-pallial Nerve, (n in Figure 561.). runs benealh the
musculature which underlies Lhe Subapical Conneclive Tissue

FIGURE 561,  Aicladi maxima Apical Groove FIF2..
LM x 770 AB./M.S.B. Epithelia, secrelory struclures, fibrous Lissues and

MNCrves.
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5.5.1.96.  Apical Groove FIF2., Circum-pallial Nerve,
Circum-pallial Sinus.

The cells of Apical Groove FIF2. may be further differentialed by
Azan slaining.

Here Lhe Celtic Scroll Cells (¢ in Figure 562) have an amber
nucleus with a vacuolar and greenish linged cyloplasm whereas Lhe
Mullivesiculate Cells have purple staining nuclei and amber cyloplasm
(mv in Figure 5.62.).

Similarly. the amber slaining Daclylocyles are clearly

differentiated from the purple slaiming Black Granule Secrelory Celis (D
and b in Figure 5.62. respeclively.

Branches of Lhe Circum-pallial Nerve innervale the secrelory
structures of the entire Mantle Margin. Nucleated cells occur in the body
of this nerve (n in Figure 5.62. b) as well as Lhe sheath cells around the
periphery. (s in Figure 5.62. b},

The Circum-pallial Sinus. (cs in Figure 562. c). allthough it
appears Lo direclly connecl with al least some other sinus in the Mantle
Margin. is the only sinus where haemocyles have been seen, lllustrated

in Figure 5.62. are at least Lhree distincl types of Haemocyles labelled a,
b oand e

FIGURE 5.62. Anetads maxima Apical Groove FIF2. Cireum-pallial Nerve
and Sinus,

A LM x 770. Azan. Apical Groove FIF2

b. LM x 770,  Azan. Circum-pallial Nerve.

12 LM. x 770.  Azan. Circum-pallial Sinus.
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5.5.1.9.7.  T.EM. Apical Groove FIFZ..

Folding of Lhe lissues of Lhe Apical Groove FIF2. allows one
section lo display two rows of Dactylocyles bordering twin sectioning of
the Apical Channel (D, D and A, A respeclively in Figure 5.63.). Between
the Lwo Apical Channels are Lhe Cellic Scroll Cells of Lhe Omega Gland (e
to ¢ in Figure 563.). The Plealed Secretion of Groove FIF2., (P in Figure
5.63.). emanates from Lhe Apical Channel and is a continuation of the
sheel of secreled malerial (S in Figure 5.63.) lying across Lhe distal
extremities of the Dactylocytes’ apical microvilli

The basal nuclei of Lhe Black Granule Seeretory Cells (b in Figure
563.) are just above the Subapical Conneclive Tissue (s a ¢ in Figure
9.63.).

The Amorphous Secretion (as in Figure 5.63.) is malerial bounded
by a single membrane which appears Lo be produced by lhe deep cells of
the Omega Gland.

FIGURE 5.63.  Ameclade mavima Apical Groove FIF2
TEM. x 1800 Cells of Apical Groove FIF2 which generate the Pleated
secrelion of groove FIF2
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55.1.98. TEM Origin of Plealed Secretion of Groove FIF2. and
Black Granule Secrelory Cells,

The Pleated Secretion of Groove FIF2. (P in Figure 564. a) lies in
Lhe Groove from Lhe Anlerior Mantle Symphysis lo the Posterior Manlle
Symphysis. It originales al or aboul Lhe asterisk in Figure 5.64. b., the
proximal end of Lhe Apical Channel of Groove FIF2.. The secrelion lies
across Lhe ends of Lhe microvilli of Lhe Dactylocytes (D in Figure 564. a),
between these and Lhe Celtic Seroll Cells (CS in Figure 5.64, a), which
form the superficial layer of the proximal parl of the Omega Gland.
Proximal Lo the inilial peinl of appearance of Lhe Plealed Secrelion lies
an Amorphous Secretion inside a single membranous boundary (a in
Figure 564. ). This Amorphous Secrelion appears Lo be generated by the
Fenestraled Cells. (f in Figure 5.64. b). This Amorphous Secretion plus
vesicles from Lhe Mullivesiculate Cells (mv in Figure 564, b), appear Lo
take parl in the formalion of the Plealed Secrelion of Groove F1F2

The Black Granules (bg in Figure 564. d). of the Black Granule
Secretory Cells originale in  vesicles adjacenl o multilayered
membranous struclures (m i Figure 564 d). There are numerous
milochondria in Lhe vicinity of the origin of Lhe visicles containing the
Black Granules (mi in Figure 5.64. d).

FIGURE 5.64.  Auweclads mavima Origin of Pleated Secrelion of Groove
FIF2. and Black Granule Secrelory Cells.

it TEM. x 7000 Celtic Seroll Cells. Apical Channel and Dactyloeytes.

b. TEM. x 7000 Proximal end of Apical Channel.

e TEM x 7000 Amorphous Secrelion.

d TEM. x 15000 Black Granule Secretory Cells
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2.9.1.9.9.  TEM Black Granule Secrelory Cells and Plealed Secrelion of
Groove FIF2..

The Black Granules first appear in light grey vesicles (b in Figure
9.6, ¢). localed near recurved multimembranous structures (m in Figure
5.65. c). in Lhe vicinily of milochondria (mi in Figure 5.65., ¢), near the
basal nuelei of Lhe Black Cranule Secrelory Cells. The Vesicles nearest
the apices of Lhe cells carry granules which are increasingly eleclron
dense. (b in Figure 5.65. a). The Vesicles carrying the Black Granules
swell and ruplure (r in Figure 5.65. a and b). and the released granules
allach lo Lhe medial surface of Lthe Plealed Secretion of Groove FIF2. as
eleclron dense nodules (n on P in Figure 565 a and b). and on Lhe
opposing laleral surface of the Vesiculale Secrelion of Groove F1F2..

FIGURE 5.65. Amclads mavima TEM. of Black Granule Secrelory Cells
and Pleated Secrelin of Groove FI1F2..

. T.EM. x 9100

h TEM. x 9100

¢ TEM. x 9100
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551.9.10. Omega Gland Epithelial Cells.

The Celtic Seroll Cells (Figure 566. ¢) produce large secrelory
vesicles which are discharged into Lhe proximal Groove F1F2. underneath
the Plealed Secrelion of Groove FIFZ. (Figure 5.63. V). They also form
the laleral boundary lo the distal parl of the Apical Channel (A in Figure
5.66). .and contribule secrelory vesicles Lo Lhe forming Plealed Secrelion
of Groove FIFZ. They are characlerised by a cyloplasm with densely
packed membranous struclures and numerous milrochondria (mi in
Figure 5.66.).

The membrane bound Amorphous Secrelion (as in Figure 5.66),
just proximal to the origin of the Plealed Secretion of Groove FIF2 in
Figure 5.66. is thoughl lo combine with vesicles from the Mullivesiculale
Cell (mv in Figure 5.66). in the inilial formation of the forming Plealed
Secrelion of Groove FIF2.

The forming Plealed Secretion lies across Lhe dislal ends of Lhe
Dactylocytes' apical microvilli (D in Figure 5.66.) which conlribute
electron dense granular malerial to it via the microvilli.

FIGURE 5,66 Auclada mavima Omega Gland Epilhelial Cells.
TEM x 9100.
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551911 Seerelory Tissues and Their Secrelions
of Proximal Groove F1F2.

The Pleated Secrelion of Groove FIFZ. (ps in Figure 5.67.) which
issues from Lhe Apical Channel acls as a physical barrier dividing the
secrelory products of MedFl laleral o il from Lhose of LatF2. which are
medial Lo it (Figure 5.67.). In Figure 567 a and b, P is proximal. D is
distal.

e

The secretory products of Pmmml\ta{f'l. include the vesiculale
secretions (v in Figure 5.67. a and b) of Lhe Celtic Seroll Cells (¢ in Figure
5.67. a) and Lhe amorphous malerial (a in Figure 5.67. a and b) secreled
by the Glands between the proximal and dislal parts of the Omega Gland
and Lhe olher secrelory producls of Proximal MedF1. (PMF', in Figure
5.67.)

Cellular organelles are frequenlly seen in Lhe secrelions of
Proximal LalF2. Three milochondria are illustraled in this secrelion in
Figure 5.67. e

The Secretions of Proximal LalF2. (PLF2 in Figure 5.67.) here are
amorphous and nol organised.

FIGURE 567.  Ametada marima Proximal Groove FIF2..
a TEM. x 1800 Pleated Seerelion of Groove FIF2., Proximal Il and
ils seeretions.
b. T.EM. x 7000 Secretios of Proximal F1. in a above al higher
magnificalion.
c. TEM x 7000 Secrelions of Proximal Lal F2,
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5.5.1.9.12.  LM. Proximal LalF2..

Venlral Proximal LatF2. under LM. has a columnar epithelium, (e
in Figure 5.68. a and b), which is covered by a secretory malerial which
stains turquoise/pink with AB./MSB. (a in Figure 5.68. a and b).

There is a fairly dense population of subepithelial unicellular
glands including a variely of Granular Cyloplasm Secrelory Glands (G in
Figure 5.68. a and b) and the F2.-LalF3. Lype of Trabecular Turquoise
Gland which oceurs partly in the subepilhelium and partly in the
epithelium (TT in Figure 5.68. a and b)

In Figure 568. P is proximal. D, distal, and the distal end of
Figure 5.68. a joins Lhe proximal end of Figure 568, b

Both the height of the Columnar epithelium and the amount of
surface secrelion ( e and a in Figure 568. a and b) increase going
distally.

FIGURE 5.68.  Aicdacs mavima Proximal LalF2.
a. LM x 770 Prloximal parl of Proximal lall2..
I LM x 770 Distal parl of Proximal LalF2.
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5.5.1.9.13. TEM. Proximal LatF2,

This region conlribules Lo the Vesiculate Seeretion of Grooe F1F2.
(s in Figure 5.69. a) which lies between Lhe surface epilhelium (e in
Figure 5.69. a) and the Pleated Secrelion of Groove FIF2 (P in Figure
5.69. a).

The subepithelial glands secrele lheir cyloplasmic granules inlo
Receptacle Glands (r in Figure 5.69. a and ¢) which are surrounded by
specialised epilhelial cells with elongale nuclei (n in Figure 5.69. a and ¢),
cyloplasm rich in endoplasmic reliculum ( er in Figure 5.69. ¢) and

apical clyoplasm conlaining numerous mitochondria (¢ in Figure 5.69. a
and d).

The epithelial apical membrane bears a dense mass of secretory
microvilli (Lo the righl of ¢ in Figure 5.69 d).

Fairly amorphous secretory bodies are produced in the epithelium
and secreled inlo Groove FIF2. (b in Figure 5.69. a and b)

FIGURE 5.69.  Awelads maxima Proximal LalF2.

. TEM x 1800 LalF2. secrelory structures and secrelions.
b. TEM. x 7000 Higher magnificalion of part of a above.

r TEM x 7000 As for b above.

d. TEM. x 18000 As for b and ¢ above.
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55.1.9.14. T.EM. Junclion of Proximal and Middle LalF2.

The surface epithelium of Proximal LalF2. (PLF2. in Figure 5.70. a)
has a dense mal of apical microvilli (mv in Figure 5.70. a). thal of Middle
LatF2. (MLF2 in Figure 570. a). has conspicuous elongate cilia plus a mal
of apical microvilli (¢ + mv in Figure 570. a). These are shown in higher
magnificalion in Figure 570 ¢.

The subepithelium bears a gland unique Lo Lhis localion, the Light
Blue Glands (b in Figure 570, b and d) which have evely sized and spaced
spherical granules aboul 2um in diameter and which are usually closely
associaled wilh branches of the F2 ramis of the Circum-pallial Nerve

bearing relatively large ovoid neurosecrelory granules (n in Figure 5.70.
d)

FIGURE 5.70.  Awelads maxune Junclion of Proximal and Middle LalF2..
TEM. x 1800 Junction of Peoximal LalF2. and Middle LatF2.
h TEM x 1800 Light Blue Glands of Middle LalF2.

¢ TEM x 3500 Higher Magnificalion of surface epithelium of Middle
LalF2.
d. TEM x 7000 Nerve supply Lo a Light Blue Gland
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55.19.15. LM Middle latF2..

The radial length of Lhe Middle LalF2. Region i1s up to aboul
|.5mm, (d in Figure 5.71, adjoins p in Figure 5.72. and d in Figure 5.72. is
only slightly proximal lo p in Figure 573.). The elongale columnar
external epilhelium. of Middle LatF2. (e in Figures 5.71., 5.72. and 5.73.)
rise from less than 50 pm near their proximal limits (p in Figure 571))
to 100 um towards Lhe middle of their radial distribution. (e in Figure
6.72), before falling Lo aboul 20 pm al their distal limils (d in Figure
5.73.). The columnar epilhelium bears elongale apical cilia (¢ in Figure
571.. 572 and 573.) The Vesiculale Secretion (s in Figure 5.71. and
5.72.) lies across the distal end of Lhe cilia. With Azan il stains a similar
purple (al s in Figure 571 b) to thal of the Black Granule Secretory
Cells of Apical Groove FIFZ. (b in Figure 5.62). Similarly, with A.B./M.8B.
the staining affinily of the Vesiculale secrelion is Lhe same as thal of
Lthese cells (s in Figure 572, and b in Figure 561 respectively). The
subepithelial Unicellular Glands are of Three Lypes. The Trabecular
Turquoise Glands appear regularly spaced and of the standard
appearance of F2.-LalF3. lype having a relalively small subepithelial cell
body immedialely benealh Lhe epilhelial Basemenl Membrane. which
discharges via a Lubule into a Receplacle Gland like space in the surface
epithelium (TT in Figure 571, and 5.72.). This is the same morphology as
the Trabecular Turquoise Glands in Proximal LalF2. (Figure 5.68. a and
b). There are a variely of Granular Cyloplasm Secrelory Glands which
stain a variely of shades of red, orange and purple with all stains used (G
in Figure 571. a and b and Figure 572) However far more numerous in
this Region are Lhe Lighl Blude Glands which are fairly refractory bul
stain fainl blue with all stains used excepl for AB./MSB. with which they
stain a faint blue to fain pink (b in Figure 571 572 and 573.). These
glands are unique Lo Lhe subepithelium of LalF2 .

FIGURE 5.71. 2 mavuna Proximal parl of Middlle LalF2 .
ax 7T AB/MSH
b.x 770 Azan
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551916, Middle LalF2. (Conlinued).

In Figure 5.72. p is proximal. d. distal, b marks the Light Blue
(ilands. G the Granular Cytoplasm Secretory Glands,
e the surface epithelium, TT the Trabecular Turquoise Glands,
¢ the apical cilia and s, the = Vesiculate Secrelion,

FIGURE 5,72, Pmelads maxune  Middle Parl of Middle LalF2,
LM x 770 AB./MSB
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551917 Middle LatF2. (Continued).

In Figure 573 p is proximal, d. distal, ¢ marks the epithelium. b
the Light Blue Glands, TT the Trabecular Turquoise Glands, and ¢ Lhe
apical eilia.

FIGURE 5.73.  Amelada mavima Dislal parl of Middle LalF2.
LM. x 770 AB/MSB
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55.1.9.10. Specialised Hislological Fealures of Middle LalF2.

The bodies of the Trabecular Turquoise Glands of Lhis Region lie
immediately beneath the epithelial Basemenl Membane. The eyloplasmic
trabeculae are less noliceable in these glands Lhan in Lhose of Lhe
External Mantle (Figure 556, a). The Light Blue Glands (b in Figure 5.74.)
discharge through the surface epithelium.

The elongate surface eilia (¢ in Figure 5.74. a) have distincl Basal
Bodies (bb in Figure 5.74. a) in Lhe apical cyloplasm

In the parenchyma of F2 and F3 are large glands wilth small
ovoid nuclei (n in Figure 574. b) with numerous very small granules (m
in Figure 574 b). - Lhe Microgranular Glands. They appear lo secrele
into the sinus of Folds F2. and F3

FIGURE 5.74.  Ameclads mavima - Specialised hislological fealures of
Middle LatF2.

. TEM. x 1800 Surface epithelium and secrelory struelures

b TEM x 4800 Microgranular Gland



Figure 5.74
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5.5.1.9.19. Distal LalF2. Region.

This region as a relatively low columnar epithelium whose apical
membrane bears bolh microvilli (mv in Figure 5.75. a) and elongale cilia
(c in Figure 5.75. b). The lerminal epithelium has numerous melanin like
pigment granules (m in Figure 5.75. b and ¢).

FIGURE 575, Amelada mavima Distal LalF2,

a. TEM. x 1800 Dislal LatF2. epithelium.

b, TEM. x 1800 Terminal F2.

¢ TEM x 7000 Pigmenl Granules in surface epithelium of b above.
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55.1.920. Terminal F2. and Distal and Proximal Medl'2..

The surface epithelium of Distal LalF2. is markedly different from
that of Distal MedF2.. The former is more elongale than the latter, the
nucler are basal ralher Lhan central, the apical regions of Lhe cells stain
more strongly turquoise with A.B/MS.B. Lhan is the case with Lhe latter
and Lhey are more slrongly ciliale than Lhem. (el and ¢ respeclively in
Figure 5.76. a, where ¢ indicales cilia, L is lateral, M is medial, and dd, a
Distal Diffuse Gland). The Distal Diffuse Cland is very unusual in this
location.

The Iistal MedFZ. subepithelum has apparenlly evely spaced
Trabecular Turquoise Glands (TT in Figure 5.76. b) bul relalively few other
unicellular glands. The Trabecular Turquomse Glands persisl in Lhe
Proximal MedF2. subepilhelium and Lhere is an increase in several lypes
of Granular Cyloplasm Secrelory Glands (TT and G respectively in Figure
576. d and e) The pigmentation of the Proximal MedF2. surface
epithelium (e in Figure 5.76.. d and e) stains well with Azan bul nol with
AB/MSE

Branches of Lhe F2. Ramis of the Circum-pallial Nerve run
throughout the parenchyma of F2. and appear lo innervate the
Microgranular Glands (n and m respectively in Figure 576 ¢) and other
secretory and muscular slruclures.

FIGURE 5.76.  Amctads mavima Terminal F2 and Distal and Proximal
MedF2..

a LM x 770 AB/MSB. Terminal F2

b. LM, x 770 AB/MSDB. Distal MedF2._,

e, LM x 1200 Azan. Parenchyma of F2. sinus nerve and

Microgranular Gland,

il. LMox 1200 Azan. Proximal Med F2..
e LM x 770 AB/MSB. Proximal Medi2
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5.9.1.921. Proximal and Distal LalF3J..

Proximal latF3. has a columnar external epithelium (e in Figure
5.77. a). Trabecular Turquoise Glands of a lype similar Lo Lhose seen in
LatF2, and MedF2. occur scallered throughoul the subepithelium and
epithelium of LalF3. (TT in Figure 5.77 a and ¢). (Trabecular Turquoise
Glands stain poorly wilth Azan, TT in Figure 577, ¢). Microgranular Glands
(m in Figure 577, a and d) occur lhroughout the parenchyma of F3.,
associaled with sinus, With Azan Lhey are distinguished from other
similarly slaining glands by localion, lack of a secretory Lubule Lo Lhe
Marginal Manlle Groove. and lack of granules in Lhe cyloplasm at this
magnificalion)

Granular Cyloplasm Secrelory Glands (G in Figure 577. b, ¢ and d)
oecur in localised concentralion especially near Apical Groove F2F3., (a in
Figure 577 ¢)

The surface epithelium (e in Figure 5.77. d) changes dramalically
from Lhal on the laleral surface of F3. (L in Figure 5.77. d) to thal on the
medial surfaces of F3. (M in Figure 577, d). as does ils pigmenLation
MedF3. is nol considered furlher as il is nol thought lo be involved in
Shell Organic Malrix secrelion.

FIGURE .77, Fnelads mavima Proximal and Distal LalF3.,
a LM x 770 AB/MSB Proximal LalF3.,

b. LM x 1200  Azan. Proximal latF3.

e LM. x 1200 Azan. Apical Groove F2F3

d. LM x 1200 Azan. Distal Latk? and Terminal F3.



257




258

9.5.1.922.  Apical Groove FIF2. of the Antero Dorsal Periphery.

While some of lhe associaled unicellular glands may be locus-
specific, Lthe hislological species of Lhe Omega Gland are Lhe same here
as on Lhe Ventral Mantle Margin, (c.i. Figures 5.61 - 5.64).

In Figure 5.78. L is lateral and M medial. p proximal and d distal,

The simple columnar epithelium of the Proximal MedFl (e in
Figure 578.) joins al j in Figure 578 the pseudostralified columnar
epithelium of the Distal Omega CGCland (dog in Figure 5.78.).
Intraepithelial and subepithelial Granular Cyloplasm Secretory Glands
and Trabecular Turquoise Glands (B and TT in Figure 5.78.) commonly
evacuale Lheir secrelions inlo Groove FIF2, (GF1F2. in Figure 5.78.) on
either side of Lhe Distal Omega Gland. The proximal part of the Omega
Gland is a two layered epithelial structure. Superficially the Cellic Seroll
Cells (nuclei marked es in Figure 5.78.) secrele large vesicles into Groove
FIF2. which come to form a considerable proportion of Lhe secrelory
material lying under the Pleated Secrelion of Groove FIF2. (P in Figure
5.78.). in Us localion.

Deep to the Cellic Scroll Cells are the Multivesiculale Cells, (nuclei
marked mv in Figure 578). Vesicles from these and Lhe Amorphous
Secrelion, {as in Figure 5.78.), invesl Lhe proximal and laleral origin of
the Plealed Secrelion of Groove FIFZ. at the apex of the Apical Channel
(a in Figure 5.78.).

The most proximal Dactylocyte, (D in Figure 5.78.). is medial to
the apex of the Apical Channel.

The Sub-apical Conneclive Tissue underlies Lhe slruclures of
Apical Groove FIF2. lodged in Lhis, in this localion are Spherular
Cyloplasm Turquoise Glands and Lhe branches of Lhe Circum-pallial
Nerve which innervale the structures of Apical Groove FIF2. (ST and n
regpeclively in Figure 5.78)

FIGURE 578, Ameladn mavima Apeal Groove FIF2. Anlerior Periphery
TEM x 1800
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55.1.9.23. TEM. Medial Apical Groove FIF2. and Proximal LatF2.
Antero-Dorsal Periphery.

In Figure 5.79. p is proximal, d, distal, L, lateral and M, medial.

The Subepithelial secrelory Glands and Lhe associated Receplacle
Glands are far more numerous in Lthe anterior periphery Lhan venlrally
or posteriorly (G and R respeclively in Figure 579, ¢ Figures 5.67.5.68).

The F2. Ramis of the Circum-pallial Nerve (N in Figure 5.79.)
distributes numerous branches Lhroughoul the subepilhelial secrelory

glands (n in Figure 5.79.). These include Spherular Cytoplasm Turquoise
Glands, (ST in Figure 5.79).

Secrelory material (s in Figure 579.) from Lhe Receplacle Glands
lies belween the surface epilhelium and the Pleated Secrelion of Groove
FIFZ. (gF1F2 in Figure 5.79).

FIGURE 5.79. Finclada mavima Proximal parl of Proximal LalF2.,
Subepilhelial Glands. Receplacle Glands and F2. Ramis of
Circum-pallial Nerve

i TEM. x 1800,
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55.1.9.24. Proximal Lal F2. Anlero-dorsal Periphery.

Here Lhe arrangement of subepithelial unicellular glands
discharging into Receplacle Clands (G in Figure 580. b, and R in Figure
5.80. ¢ respeclively). allers in some areas lo intra-epilhelial Granular
Cytoplasm Secretory Glands (I in Figure 5.80, a). and Spherular Cyloplasm
Turquoeise Glands both of which appear lo secrete by disinlegration of Lhe
entire cell. D in Figure 5.80, a, appears Lo be a disinlegrating Spherular
Cyloplasm Turquoise Gland (ST in Figure 5.80. a). and S in Figure 5.80. a.
appears Lo be a secreled disinlegrated one.

Similarly granules from Lhe intraepithelial Unicellular Glands
appear Lo be secreled still altached to the nuclei of their cells (nu in
Figure 5.80. a). The Granular Cyloplasm Secrelory Glands. whether
subepithelial as in 5.80. b. or intraepithelial as in Figure 5.80. a, are
innervaled by branches of the F2. Ramis of the Circum-pallial Nerve (n
in Figure 5.80. a and b),

FIGURE 5.80. FAmcleda maxima Proximal LalF2. Anlerior Periphery.
i TEM. x 1800 Inlra-epithelial and sub-epithelial umeellular
slands. ‘
b. TEM x 1800 Sub-epithelial Glands and their innervalion
G TEM. x 1800 Receplicle Glands and secrelions in proximal medial
Groove F'1F2
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55.1.9.25, 'The F2. Ramis of the Circum-pallial Nerve,

The F2. Ramis of the Circum-pallial Nerve sends branches Lo Lhe
secrelory struclures Lhemselves as well as Lhe musculature of Fold F2..
Branches of Lhe nerve lie conliguous wilh the plasmalemma of Lhe
secrelory Glands (Figure 5.81, a),

There are Lhree dislinct Lypes of neurosecrelory granules seen in
these nerves. The rounded neuro-secretory granules (R in Figure 5.81. a
and b) appear Lo be concenlraled in nerves associaled with Granular
Cyloplasm Secretory CGlands (G in Figure 5.81. a).

Concentralions of very small granules. (3 in Figure 5.81. ¢). and
ovoid granules. (0 in Figure 581. ¢). oceur in discrete bundles of nerve
fibres in Lthe main trunk of the F2. Ramis, (Figure 5.81. ¢).

FIGURE 5.81. Fuwelada mavima V2. Ramis of Cireum-pallial Nerve,
Anterior Periphery
a TEM x 7000 Nerve and secrelory gland
b, TEM. x 7000 Neurosecrelory granules in a discrele. membrane
bound parl of Lhe F2. Ramis.
¢ TEM x 7000 Morphologically differenl neurosecrelory granules in
separale diserete bundles of nerve fibres in the F2. Ramis
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