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0.5.2.  FINCTADS MARGHRITIFERA,
2.5.2.1.  Valves.

In Figure 5,82, a is anterior.p, poslerior. d is dorsal and v venlral.

Viewed medially. the Inner Nacreous layer (inl in Figure 5.82).
has a brighl silvery surface and Lhe Ouler Nacreous Layer (onl in Figure
5.82). is a darkened area peripheral on the anlerior ventral and posterior
edges of the Nacre,

The Hinge (h in Figure 5.82. b) has a venlrally enlarged part which
occupies aboul Lhe 3rd and 4Lh sevenths of Lhe Hinge poing from
anterior lo poslerior..

The Byssal Nolch is an slmost rectangular indentalion on Lhe
Antero-dorsal periphery (bn in Figure 5.82.).

The Prismatic Layer occupies the enlire laleral surface of Lhe
Valve excepl where lost. (pl in Figure 5.82. ¢), and the ouler periphery of
lhe medial surface (pl in Figure 5.82. a and b). Where Lhe Prismatic
Layer has been lost from Lhe laleral surface of the Valve. the lateral
surface of the Ouler Nacreous layer can be seen, (onl in Figure 5.02, ¢).
The Growth Processes (gp in Figure 5.82. a and c), are spurs of Prismalic
Layer which oceur al inlervals around Lhe Anlerior Ventral and Poslerior
borders of each Growlh Scale. The medial surface of Lhe last laid down
Growlh Seale is almost entirely exposed medially (pl in Figures 5.82. a
and b) and usually, as in this case, it forms Lhe aclual Anterior, Venlral
and Poslerior borders of Lthe Valve.

The Growlh Processes from successive Growlh Scales come to lie
on curved lines (1 in Figure 5.82. ¢) radiating from the umbonal region (u
in Figure 5.82. a and c), on the laleral surface of the Valve. In Lhis
species the cenlral parl of each Growlh Process lacks the dark
colouration of the resl of the Growlh Scale (gp in Figure 5,82, a).

FIGURE 6.82. Valves of Anctads margaritifers Dalabars in millimetres.
i LM. Medial surface Right Valve,

b. LLM. Medial surface Lefl Valve.

e LM. Lateral surface Right Valve.
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Figure 5.82
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5522, Hinge

AU Lhe enlarged cenlral parl of the Hinge il 1s composed of
parallel fibres aboul 0.14 ym in diameter. (Figure 5.83. a and b). Al high

magnificalion the protein rubber fibres appear Lo show periodie banding.
(Figure 5.83, b)

FIGURE 5.83. /omclads margarititera -Fibres of Hinge Enlargement,
a. S.EM. x 4800  Parallel fibrils of hinge prolein rubber.
b, S.EM. x 19000  As for a above al higher magnification.
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6.623. Nacreous layers.
55231 Positioning for specimens for LM, and SEM. of medial surface
of Inner Naereous Layer and Ouler Nacreous Laver

FIGURE 5.84 Medial View of Righl Valve of Aincladls marzaritifera showing
the Seventeen Posilions on the Medial Surface selecied for Light
Pholography and S.EM. of Lhe Nacre,

These posilions are:

Shoulder Nacre near Hinge.

Shoulder Nacre near Adduclor Musele.

Venlral Pallial Gland Nacre.

Posterior Pallial Gland Naere.

L o —

Proximal Ventral Pallial Nacre.

Middle Venlral Pallial Nacre.

Dislal Ventral Pallial Nacre.

Venlral Nacreo- prismalic Junclion.

Proximal Posterior Pallial Nacre - Posterior Pallial Gland Nacre.
Middle Posterior Pallial Nacre.

11. Distal Poslerior Pallial Nacre - Posterior Naereo- Prismalic
Junction.

o 1 & o o

=

12, Ventro-Poslerior Nacreo-prismatic Junclion.

13. Anlerior Pallial Gland Nacre.

14, Proximal Anlerior Pallial Nacre.

15, Middle - Distal Anterior Pallial Nacre.

16.  Anterior External Nacreous Layer and Nacreo-prismalic Junclion.

I7. Antero-venlral External Nacreous Layer and Nacreo-prismalic
Junelion.
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5.0.2.32.  Medial Surface Inner Nacreous Layer Shoulder Region Near
Hinge - Figure 5.84. Posilion 1. This Region displays concentric circular
curvilinear and paralle] patterns (Figure 5.85 a)

The partly-bound and free Nacre Tiles cover aboul hall Lhe
distance belween successive Nacre Sheels and Lhis distance, in any one
localion, is grealer the more tightly curved are Lhe edges of the Nacre
Sheels. The average dislance beiween Nacre Sheels from b Lo ¢ in Figure
0,80 4 is aboul 90 pm and that from d lo ¢ is aboul 40 pm.

Figure 585 b is lo Lhe lefl of ¢ in 5,85 a, and ¢ 15 just lefl of b in
585 a. e is & higher magnification of 5.85 b, and [ is higher
magnificalion of 585 ¢, d is from an area oulside 585 a of parallel
linear pallerns of edges of Nacre Sheels.

While Lhe geomelry of the parlly-bound and free Nacre Tiles from
similar patlerns of edges of Nacre Sheels in Lhe one Region are almost
invariably similar and their orientalion to the related edge of a Nacre
Sheel the same, (Figure 5.85 b, d and ¢), Lhe geomelry of the Nacre Tiles
from a different pallern in the same region may be very different (Figure
.85 ¢ and [ cf. Figure 5.85. b. d and e). However, in any one pallern,
Lhe orientations of Lhe equivalenl geometric axes of the medial surfaces
of the Nacre Tiles to the edges of Lhe related Nacre Sheel remain Lhe
same, Figure 5.85. (d, e and {).

FIGURE 585  Auctada margaritifera —Position | Figure 5.84.
Medial Surface of Inner Nacreous Layer Near Hinge.

SEM.x 80  Concentric. curvilinear and parallel linear pallerns.

b. SEM. x 770 Higher magnificalion of curvilinear patlerns. a
above.

2. SEM. x 770 Higher magnificalion of concentric pallern in a
above.

d. SEM. x 1500 Higher magnificalion of parallel linear patierns
near a above,

e. S.EM. x 1500 Higher magnificalion of b above.

f SEM. x 1500 Higher magnification of ¢ above,
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55233, Medial Surface, Inner Nacreous Layer Shoulder Region
Near Adduclor Muscle Scar - Fipure 5.84, Pasition 2

Here the patterns of edges of Nacre Sheels are somelimes
concenlric cireles (Figure 586, a), bul there are areas of shorl spiral.
anastomosing, lighlly curved, and crooked edges lo Nacre Sheels (Figure
586. b). In the lalter, the geomelric shape of the partly-bound and free
Nacre Tiles is very variable ranging from nearly regular hexagons lo
truncated diamond shapes and diamond shpaes (Figure 5.06. ¢ and )

FIGURE 586.  Aelads margaritifera - Medial Surface Inner Nacreous
Layer, Shoulder Region Near Adductor Muscle Scar, Posilion 2
Figure 5.84.

a. LM.x28  Concentric. curvilinear and nearly parallel linear

patterns.

b, TEM. x 80  Shorl spiral. anaslomosing and crooked patlerns.
TEM. x 770  Higher magnificalion near centre of b above.

T.EM. x 1500 Higher magnification near centre of a above.
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0.5234.  Medial Surface Inner and Ouler Nacreous Layers from

Ventral Pallial Gland to Venlral Nacreo - prismalic Junction - Figure 5.84,
Posilions 3, 5, 6, 7 and 8. (Figure 5.8, 4 is very like Figure.84, Position
3.

Between Lhe Venlral Pallial Gland and the Venlral Nacreo-
prismalic Junclion there is. generally. a gradation from a complex array
of small concentric and spiral patterns wilth many anastomoses belween
edges of Naere Sheels and discontinuous edges in the Pallial Gland Region
(Figure 5.87. a). Lo the narrowly spaced parallel linear pallern with genlle
curving of the Duler Nacreous Layer near the Nacreo- prismatic Junelion
(Figure 5.87. ¢).

Intervening, on Lhe medial surface of the Proximal, Middle and
Distal, Ventral Pallial Regions of the valve (Figure 5.87. b. ¢ and d
respeclively) are progressively more regular curvilinear and parallel line
palterns, although embaymenls of lightly curved palterns with Lhe
curvalure directed towards Lhe valve periphery (c in Figure 5.87. )
persist in Lthe Middle Pallial Region between parallel linear patterns (p in
Figure 5.87. ) and. more rarely even inlo Lhe Distal Pallial Region (¢ and
p respectively in Figure 5.87. d),

AL the Nacreo-prismalic Junclion, going distally. lines of
progressively smaller Nacre Tiles lie in the grooves belween the medial
surfaces of Lhe Major Prisms of the Prismatic Layer (Figure 5.87. f),
VIGURE 5.87.  Zinclads mamaritifers -Medial surface Inner and Outer
Nacreous Layers from ventral Pallial Gland to ventral Naereo-prismatic
Junetion.

i, LM. x 28 Figure 5.84, Posilion 3.
b. LM. x 28 Figure 5.4, Posilion 5.
e. LM. x 28 Figure 5.84. Position 6.
d. LM. x 28  Figure 5.84, Position 7.
@ LM. x 28 Figure 5.84, Posilion 8.
[ T.EM x 80 Figure 5.84. Position 8.
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20235 The Medial Surface of e Poslerior Inner and Outer Nacreous

Layers and Nacreo- prismatie Junclion - Figure 5.84. Posilions 9, 10 and
11

The Posterior Pallial Gland Region of Lhe medial surface of Lhe
Inner  Nacreous layer displays lightly curving anastomosing and
discontinuous edges to Nacre Sheels with intervening curvilinear patlerns

and some narrowly spaced paralle] linear patterns (Figure 568, a),

Going distally, Lhe Middle Posterior Pallial Region (Figure 5.88. b)
shows fewer tightly curved patlerns and more curvilinear and narrowly
spaced parallel linear patlerns with fewer anaslomoses

This Lrend continues distally so thal the Distal Posterior Pallial
Region moslly displays fairly genlly curved curvilinear patterns (Figure
588. ¢). In his region lhe partly-bound and free Nacre Tiles mosLly
have a diamond or Lruncaled diamond geometric shape medially, with
the long axes of the diamonds usually normal lo the direction of the
edges of Lhe relaled Nacre Sheels (Figure 5.88. d).

The Medial surface of the Ouler Nacreous layer shows slightly
wavy parallel edges lo Nacre Sheels wilh a few anaslomoses with Lhe
direction of the edges roughly parallel Lo the Nacreo-prismalic Junetion.

FIGURE 5.88.  Zizctady margaritiers ~Medial Surface of Posterior Inner
and Outer Nacreous layers and Nacreo- Prismatic Junclion,

i LM.x28  Figure 5.84, Posilion 9.

b, LM.x 28  Figure 5.84, Position 10.

5. TEM. x 80  Figure 5.84, Position 10.

d TEM. x 1500 Figure 5.84. Position 10

e.  LM.x28  Figure 584, Position 11
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55236 Medial Surface, Anlerior Inner and Ouler Nacreous Layers.

The medial surface of Lhe Anlerior Pallial Gland Nacre shows
Lightly curved and widely spuced edges Lo suecessive Nacre Sheels (Figure
5.89. a). The parlly-bound and [ree Nacre Tiles Lend Lo regular hexagons
(Figure 5.89. b).

More dislally. the Anlerior Proximal Pallial Inner Nacreous layer
displays relatively large embayments of widely spaced lightly curved
patterns of edges of Nacre Sheels surrounded by concentrically curved
pallerns whose curvalure projects distally (Figure 5.00. ¢).

These pallerns of anaslomesing, Lighlly curved. and widely spaced
edges o Nacre Sheels are still found in the Dislal Anterior Pallial Nacre
(Figure 5.89. d) and up Lo Lthe area of junclion of the Inner and Ouler

Nacreous Layers (Figure 589. ¢) jusl proximal lo Lhe Nacreo-prismatic
Junetion.

The Anlerior Quler Nacreous Layer shows partly—bound and free
Nacre Tiles which are Lruncaled diamond shapes tending lowards regular

hexagons, with the long axis of symmelry parallel lo Lhe edges of the
Nacre Sheels. (Figure 5.89. ).

FIGURE, 5.89.  Amelade morzaritifera - Medial Surface. Anterior Inner
and Ouler Nacreous lLayers.

a.  TEM x 80 Inner Nacreous layer, Figure 5.84, Posilion 13,

h. TEM. x 1500 As for a above.

c.  TEM x 80 Inner Nacreous Layer, Figure 5.84, Position 14.

d. T.EM. X B0 Inner and Ouler Nacreous Layers. Figure 5.84. Posilion
15.

e TEM x 1500 Outer Nacreous Layer. Posilion 16.
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25237 Medial Surface Inner and Outer Nacreous Layer and Nacreo-
Prismalic Junclion - Anlero-ventral Periphery.

In Figure 5.90. P is proximal and D, distal.

Areas with palterns of edges of Nacre Sheets fealuring short
spiral, cireular and anaslomosing structures oceur here until near the
junction of Lhe Inner Nacreous Layer and the Ouler Nacreous Layer (in
and onl respeclively in Figure 590 a. b. ¢ and d). The tightly curved
struclures generally have Lheir convexilies direcled distally, (Figure 5.90.
band d). Where the individual Nacre Tiles appear Lo be mostly Nacreous
Organic Malrix or only forming Nacreous Organic Malrix (Figure 5.90. d, e
and 1) the pallerns of edges of Naere Sheets (Figure 5.90. d) and the
disposition relative Lo each olher and Lo the edges of the Nacre Sheels of
the Nacre Tiles, (Figure 5.90. e and ). appear lo be Lhe same as in
cilcified Nacre Sheels

The Outer Nacreous Layer (onl in Figure 5.90. a and b). has
narrowly spaced linear edges Lo Nacre Sheets about parallel to Lhe
Naereo-prismalic Junclion.

Al the Nacreo-prismalic Junelion partly-bound Nacre Tiles lie in
the Grooves belween Lhe medial ends of the Major Prisms of lhe
Prismalic Layer (Figure 5.90 g).

FIGURE 5.90. Apelads margaritfera - Medial Surface Inner and Outer

Nacreous Layers and Nacreo-prismatic Junetion - Antero-ventral

Periphery - Figure 5.84. Posilion 17

i, LM. x 28 Antero-venlral Nacreo-prismatic Junction.

b. LM x 28 dunction of Inner (i) and Outer (o) Nacreous Layers.
e LM, x 28 Inner Nacreous Layer proximal Lo b above,

d. TEM. x 80 Parlly caleified Inner Nacreous Layer.

e, TEM. x 770 As for d above. higher magnification,

[. TEM. x 1500  As for d and e above. higher magnification.

g TEM. x 1500  Anlero-venlral Nacreoprismalic Junelion
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25238.  Inner and Ouler Nacreous Layers - Edge-on Views.
In Figure 5.91. D is distal. L. laleral and M. medial.

The Inner Nacreous Layer Nacre Tiles which abul the Hinge appear
to do so in an edge-on plane surface (Figure 5.91. a),

The Nacre Tiles in the Inner Nacreous Layer near the Hinge show
the curved surfaces on the medial and laleral surfaces normally found in
Nacre Tiles in Lhis region (Figure 5.91. b)

The Outer Nacreous Layer shows exlensive pallerns of Nacre
Stairs (Figure 5.91. ¢).

The widths of Nacre Sheels throughout Lhe Inner and Outer

Nacreous layers of this species are quite constanl and average about
0.6um (Figure 5.91. a, b, ¢, and d)

Between Lhe Outer Nacreous layer and the Major Prisms of Lhe
Prismatic Layer (onl and mp respectively in Figure 591. d) Lhere is
somelimes whal appears lo be a layer of aragonile prisms which are
aboul 10um thick medio laterally. (ap in Figure 5.91. ).

FIGURE 5.81.  Ainclads marzarstifera Inner and Ouler Nacreous Layers -
Edge on View
a. S.EM. X 1900 Inner Nacreous Layer Hinge abutment
b. S.EM. x 3700 Radial Broken Surface Outer Nacre Layer,
S.EM. % 1900 Radial Broken Surface - Inner Nacreous Layer.

d. S.EM. x 1900 Radial Broken Surface - Venlral Nacreo-Prismalic
Junelion
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29024 SEM. Prismalic Layer.

2.5.24.1. Medial surface of Growlh Scale.

In Figure 5.92. a P is proximal and D distal,

The medial surface of the Growlh Scale is nol covered by an Inner
Fibrous Sheath near Lhe Nacreo-prismatic Junclion (Figures 5.87. f. 5.88.
e and 5.90. g} bul is so covered more distally (ifs in Figure 5.92. b, ¢ and
d). The oullines of the underlying Inner Prismatic End Plales are
discernable through Lhe Inner Fibrous Sheath (Figure 5.92. b and d).

The fibres of Lhe Inner Fibrous Shealh are aboul 0.3 pm aparl
(Figure 5.92. ¢ and d). The Growth Process is broken off just proximal Lo
D in Figure 592 a. Medial lo the Inner Fibrous Shealh on the Dislal
Growth Scale. (proximal part of the Growth Process) is a coarsely fibred
material which appears Lo lie as a delrital material on the medial
surface (d in Figure 5.92. b).

FIGURE 5.92.  Aietads margariiifers -Nedial Surface of Distal Growth

Scale - Inner Fibrous Sheath and Delrilal Malerial

a. SEM x 15 Medial surface distal Growlh Scale and Growlh
Process.

b. SEM x 80  Higher magnificalion of a above.

e S.EM. x 13000 Higher magnificalion of Inner Fibrous Sheath from
b above.

d. SEM. x 6100 Lower magnification, same cenlre as ¢ above.
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5524.2. Ouler Fibrous Sheath of Prismalic Layer.

The free outer surface of all Growth Scales and some of Lhe

overlain surface of Growlh Scales are covered by an Outer Fibrous
Shealh, (Figure 5.93. a, b. ¢ and d).

The transverse periodicily of the surface fibres are aboul 14 um
aparl (Figure 5.93. ¢ and d). The oulline of the Ouler Prismalic End
Plales of Lhe underlying prisms is discernable through Lhe Quler Fibrous
Shealh and lhere s a indentation in the OQuler Fibrous Shealh
aproximately centrally placed over the underlying prisms, (Figure 593
al.

Where there is an Ouler Fibrous Shealh on one Growlh Scale (GSI
in Figure 5.93). and an Inner Fibrous Sheath on the Growlh Scale laleral
Lo il, (GS2 in Figure 5.93). the lorn edges of bolh can sometimes be seen
on a radial broken surface (Figure 5.93. b).

FIGURE 5.93. Finelada margarifers - Ouler Fibrous Sheath of
Prismatic Layer.

a. SEM. x 250 Ouler surface Growlh Scale.

h. S.EM. x 230 Broken radial surface Prismalic Layer, showing Lorn
edges of Ouler and Inner Fibrous Sheaths

e S.EM. x 1900 Higher magnification Outer fibrous Shealh from a.

d. S.EM. x 1900 As for ¢ above.
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90243  CGrowth Process. Medial Surface.

In Figure 5.94 P is proximal and D, distal.

This is covered with an Inner Fibrous Sheath (Figure 5.94. b, ¢ and
d). The transverse periodicily of the fibres is aboul 0.3 ym, (Figure 5.94.
¢ and d). The outlines of the Inner Prismatic End Plates are visible
through the Inner Fibrous Shealh (Figure 5.94. ¢). In places the Inner
Fibrous Sheath appears Lo be aberrantly folded on itself indicaling that
there is no slrict spatial relalionship belween the Inner Fibrous Shealh
and the Inner Prismalic End Plates which it covers (Figure 5.94. ¢ and d),

FIGURE 5.94.  Auinclads marzaritifera -Wedial surface . Growth Process.

a. SEM x 15 Medial srface of Growth Process which is broken
distally

b. SEM. x 230  Higher magnificalion near ifs in a.

C. SEM. x 1500 Folds in Lorn Inner Fibrous Sheath over Inner
Prismalic End Plales.

d. SEM x 1500 As fer ¢ above
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55244. Growlh Process. Inner Prismatic End Plales, Outer Prismatic

Fnd Plates, Outer Fibrous Shealh.

The Growlh Processes invariably display Inner Prismatic End
Plates under LM. of decalcified Shell bul Lhis is nol obvious under 3.EM.
(Figure 5.95. a and b).

With light acid etching a herringbone pallern of Inner Prismalic
End Plate is shown (Figure 5.95. c).

The Ouler Fibrous Shealh covers Lhe lateral surface of the Growth
Process unless abraded or destroyed (Figure 5.95. d. e. [ and g).

The transverse periodicily of the fibres of the Outer Fibrous
Sheath is about 1.4 ym and the surface bears small granules (Figure
5.95. [ and g).

The underlying pallern of Lthe Ouler Prismalic End Plates is visible
through the Outer Fibrous Sheath and a depression in Lhe laller is
common aboul Lhe centre of the lateral end of Lhe Growlh Process
Prisms (d in Figure 5.95. d and ¢)

Benealth the Outer Fibrous Sheath the Outer Prismatic End Plales

of the Growlh Process have a spider web pallern of Organic Matrix (OPEP
in Figure 5.95. d and e).

FIGURE 5.95.  Aweclads margariiifers - Growlh Process - Inner
Prismatic End Plates. Outer Prismatic End Plates, Outer Fibrous
Sheath.

S.EM. x 480 Medial surface of Growth Process Prisms.
b. SEM x 2000 As for a above al higher magnification,
c. SEM. x 6000 Acid elched medial surface of Growth Process
Prisms

d. SEM x 770  Laleral surface of Growlh Process

e S.EM. x 1500 Higher magnification of d.

f. SEM x 950  As for e ahove.

g SEM x 8100 As for e and [ above,
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25245 Radial Broken Surface of Prismalic Layer.

Between the prisms of the Prismalic Layer are lhe Transverse
Parallel Side Walls (Lp in Figure 5.96. b). The side wall comprised of Lhis
malerial 1s common lo adjoining prisms. Inlernally lining Lthis malerial
appears 1o be the Linear Slrueture Interprismalic Organic Matrix (ls in
Figure 5.96. d). This, in Lurn, appears Lo be lined inlernally by Releform
Interprismalic Organic Malrix (riom in Figure 596. a, d and ¢). In
Figure 5.96. d. il appears the Reteform Inlerprismatic Organic Malrix
(riom) is structurally related to the Linear Structure Inter-prismatic
Organic Matrix (ls) and in Figure 5.96. e 1l appears Lhal Lhe twin layers of
the Intraprismatic Organic Malrix (iom) are struclurally relaled to Lhe
Reteform Inlraprismatic Organic Malrix (riom). On a radial broken
surface where Lhe Intraprismalic Organic Matrix has pulled oul leaving
Lhe broken Calcite Tables (et in Figure 5.96. g) Lhere are usually series of
lens shaped holes from which the Intraprismatic Organic Malrix has been
pulled (1 in Figure 5.96. g). In this species where a more lateral Growlh
Scale overlies the nex! more medial Growlh Scale lhere somelimes
appears lo be no struelural barrier proximally (j in Figure 596, 1);
somelimes there are Ouler and Inner Prismalic End Plates (opep and
ipep respeclively in Figure 596. ¢). and in olher places bolh Ouler
Fibrous Sheath and Inner Fibrous Shealh (ofs and ifs respectively in
Figure 5.96. b).

FIGURE 5.96.  Amelads marearstifers Rad, Sufarce of Prism layer

a. S.EM x 930  Reteform Interprismalic Organic Matrix.

b. SEM. x 1900 Transvers Parallel Side Walls.

e, SEM. x 480  Inner and Ouler Prismalic End Plates.

d S.EM. x 930 Linear Structure and Reteform Interprismalic Organic
Matrix,

e. SEM x 1900 Intraprismatic Organic Matrix,

f. S.EM. x 460  Junclion of Growlh Scales.

L. S.EM. x 1900 Caleile Tablels
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5525 LM Decalcified Shell.
5.52.5.2. LM. Decaleified Prismalic Layer

In the Prismalic Layer of Lhis species lhe successive Growlh
Scales may infrequently be physically defined for all of their length by an
Outer Fibrous Shealh bul more usually Lhe separalion is parlial for only
parl of Lhe radial length of each Growth Process. In such cases Lhe
definition is usually provided by an Ouler Fibrous Sheath over Outer
Prismalic Fnd Plates and, usually Inner Laleral Struelure.

In Figure 5.97. a. b and ¢ Ip is Transverse Parallel Side Walls, opep
18 Ouler Prismalic End Plales ipep (staining pink) is Inner Prismatie End
Plates il is Inner Laleral Structure.

The Transverse Parallel Side Wall Organic Malrices usually slain
golden with AB./MSH. bul bands of aberranl purple slaining lying
parallel to Lhe laleral surface of Lhe Growlh Seale in which they oceur
are common (Figure 597 a b ¢ and d). The aberrantly slained
Transverse Parallel Side Wall Organic Malrices are invariably partly
destroyed by acid hydrolysis (Figure 5.97. b, ¢ and d). The Lurquoise
malerial (ip in Figure 597. b and d), is remnants of Intraprismatic
Organic Matrix.

FIGURE 5.97. Finctads margaritifera -Slained Radial Seetion of Prismalic
Layer.
a. LM. x 46  M.S.B. Mulliple Growlh Seales.
: LM. x 230 M.SB. Three Growth Scales.
e, LM x 1200 M.S.D. Outer Prismalic End Plate and Inner Lateral
Struclure,
d. LM x 1200 MS.B. Intraprismalic Organic Matrix.
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55252 Decaleified Nacreous layer and Prismalic Layer.

The decaleified Nacreous Layer usually slains a uniform blue with
Azan (Figure 598 a). The denser malerial on the bottom left of Figure
5.98. a, may be the aragonite Prismalic Layer seen in Figure 5.91, d

The Inner Fibrous Sheath of Lhe Prismalic Layer slains pink wilh
Azan and appears as a sheel of malerial strelched over Lhe medial
surface of a Growlh Seale (ifs in Figure 598. b). The thickening where
Lhe Transverse Parallel Side Walls meel the Inner Prismatic End Plates is
visable Lhrough the Inner Fibrous Shealh (Lp in Figure 5.98. b).

The Transverse Parallel Side Walls (Ip in Figure 598.). parallel
straps ol scleroprotein which are very acid resislanl, are thickened al
the corners of Lhe prisms where Lhey join straps of lhe same material
from adjacenl side walls. They appears lo demonstrale periodicily, and
commonly surrounds remnants of blue staining Inner Prismalie Organic
Malrices (ip in Figure 5.98. ¢ and d).

FIGURE 5.98. /finctads masgaritifera - Decalcified Nacreous Layer and
Prismatic layer.
a. M. x 1200 Azan. Nacreous Layer.
LM. x 1200 Azan. Inner Fibrous Sheath.
e. M. x 1200 Azan. Transverse Parallel Side Walls and Intra-
Prismatic Organic Malrix.
d. LM. x 1200 As for ¢ above,
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55253, Prismalic Layer.

Where there is no inlervening Inner Fibrous Sheel of the more
lateral. nor Ouler fibrous Sheel of the meore medial of two successive
Growth Secales, the Inner Prismalic End Plales of Lhe Major Prisms of Lhe
more Laleral may abul the Outer Prismatic End Plales of the Major
Prisms of the more medial. This arrangement is illustraled in Figure 5 99

The Ouler Prismalic End Plates of Major Prisms (light pink sheels
of material, opep in Figure 5.99, a, b, and ¢), are joined inlernally by Lhe
Organic Malrices of the Innter Lateral Structure (ils in Figure 5.99. &, b
and c).

The Lhickening of the End Plates where joined by the Transverse
Parallel Side Walls or the Inner Laleral Struclure is quite marked (t in
Figure 599. a, b ¢ and d).

Figure 5.99. c is focussed on the junclion of the Inner laleral
Structure (ils) with the Ouler Prismatic End Plate (opep) of a Major Prism
of the more medial Growlh scale and the junclion of Lhe Transverse
Parallel Side Wall Organic Matrix (Lp) with Lhe underlying Inner Presmatic
End Plate (ipep) of a Major Prism of Lhe more laleral Growth Scale is oul
of focus. The reverse is Lrue in Figure 5.99. d.

Figure 5.99. e is a sagillal section through a Growth Scale showing

normal (red) and aberrantly staining (blue) Transverse Parallel Side Wall
Organic Malrices.

FIGURE 5.99.  Amelads margaritifera - Decaleified Prismalic Layer.

a. LM. x 1200 Azan Ouler Prismatic End Plates and Inner
lLateral Struclures.

b, LM, x 1200 Azan as for a.

e, LM. x 1200 Azan Outer and Inner Prismalic End Plales and Inner
lateral Struclures,

d. LM. x 1200 Azan as for ¢.
e LM. x 1200 Transverse Parallel Side Walls.
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5526, LM and T.EM, of Lhe External Mantle and Manlle Marging

5.52.6.1. The Isthmusishie Epithelium,

The Isthmusistic Epithelium on the dorsal surface of Lhe Isthmus
is a very clongale columnar epithelium coexlensive with Lhe overlving
Hinge. There is a deep medial suleus (ms in Figure 5.100. ¢), and the
lissue is bounded lalerally by two lateral sulei

The elongale cells have elongate ovoid nuclei slightly apical Lo the
middle of the cell (n m Figure 5.100. a). The specimen illustrated in
Figure 5.100. had areas of Lhe medial surface of ils Nacreous lLayers
covered with whal appeared Lo be newly formed Nacreous Organic Mabrix
and Lhis may explain lhe heavy concenlralion of small ovoid
mitochondria in Lhe apical eyloplasm of this tissue (mi in Figure 5.100. ¢,
d and e), and the aclive secretion of vesicles from Lhe apical microvilli (v
and am respeclively in Figure 5.100, b and ¢). Infrequently embedded in
the Isthmustic Epilhelium are relatively small Spherular Cyloplasm
Turquoise Glands (sel in Figure 5.100. d).

FIGURE 5.100.  Aietads marearitifers - 1sthmusistic Epithelium,
a. LM. x 1200 Mallorys.

b T.EM. x 7000 Vesicular Secretion from Apical Microvilli,
e. T.EM. x 9100 Mitochondria benealh Apical Microvilli.

d T.EM. x 3500 Spherular Cyloplasm Turquoise Gland.

e TEM. x 1800 Isthmusistic Cells Lining the Median Sulcus.
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5.62.6.2 Shoulder Region.

This Region has o columnar epithelium wilh secrelory apical
microvilli, (am in Figure 5.101, ¢). The fibrous conneclive tissue layer
which underlies the surface eplihelium (fel in Figure 5101 a and b).
grows much stronger going from near the Isthmus (Figure 5.101. &) to
the centre of the Regon (Figure 5.101. b)

Near Lhe Isthmus Lhere are a large number of Granular Cyloplasm
Secrelory Glands which slain amber wlih Maliorys whose bodies are
situated in the middle depth of Lhe Gland near the Trabecular Turquoise
Glands (a and L in Figure 5.101. a respeclively)

The deepesl layer of glands have granules which slain purple wilh
Mallorys (p in Figure 5.101. a).

Midway belween the Hinge and lhe Adductor Muscle, the
Trabecular Turquoise Glands form a lissue benealh the subepilhelial
fibrous Connective Tissue and the two predominanl lypes of Granular
Cyloplasm Secretory Glands have granules which stain magenta and
purple (m and p in Figure 5101 b).

T.EM. shows Lhree Lypes of Granular Cyloplasm Secretory Glands
(g1, g2 and g3) beneath Lhe Lissue of Trabecular Turquoise Glands (Lt in
Figure 5.101. ¢).

FIGURE 5.101.  Ainctads marearstifera ~ Shoulder Region.
i LM. x 770 Mallorys Shoulder Region near Isthmus.
b. LM. x 770 Mallorys Mid Shoulder Region.

c. TEM. x 1800 Mid Shoulder Region.
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0.0.2.6.3. Anlerior Pallia) Gland and Pallial Mantle,

The Pallial Gland is similar to the Shoulder Gland in Lhal the
bodies of Lhe Trabecular Turquoise Glands lie immedialely beneath the
subepithehal fibrous connective lissue and these of the Granular
cyloplasm Secrelory Glands are penerally deeper, (Ll and g respeclively
i Figure 5.102. a). The subepilhelial connective lissue of the Pallial
Gland s denser than Lhal of Lhe Shoulder Gland as is Lhe intraglandular
connective lissue. The Palhal Gland is aboul 2mm thick latero-medially.
(Figure 5.102. a).

The Proximal Anterior Pallial Region is dislinguished from Lhe
Middle Anterior Pallial Region by the greater depth of subcutaneous
lissue bearing Lthe unicellular secrelory glands (Figure 5.101, b and ¢),
The columnar eells of the Distal Anterior Pallial Region are more elonpale
wilh more strongly staining cyloplasm than Lhose of Lhe Middle Anlerior
Pallial Region and Lhe bodies of the Trabecular Turquoise Glands are

larger and deeper sel in a more muscular subepithelium (Figure 5.102. ¢
and d).

FIGURE 5.102.  Aclada margaritifers - Anlerior Pallial Gland and
Proximal. Middle and Dislal Anterior Pallial Regions.

8. LM. x 120 AB./MS.B. Anlerior Pallial Gland.
b. LM. x 120 AB./M.S.B. Proximal Anterior Pallial Region.
¢ LM x 120 AB/MSB. Middle Anterior Pallial Region.

d. LM. x 120 AB./M.3.B. Distal Anterior Pallial Region.
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55.264. The Anterior Distal Folded Region and Tissue Regions of

Folds F1. and F2..

The Distal Folded Region. (df in Figure 5.103, a). is here shown
displaced distally. It is laleral Lo the Circum-pallial Nerve and Cireum-
pallial Sinus (cpn and eps in Figure 5.103. b)

In Figure 5.103. b, LF1. MFI, LF2 and MF2 signifiy LatFl., MedF].
LalF2.. and MedF2. respectively.

The three Lissue Regions of LalF]. going proximo-distally are
Proximal LalF1.. the Mantle Edge Gland and Terminal LatF1. (plt, meg and
t respectively in Figure 5.103. b),

The three lissue Regions of MedF2. going dislo-proximally are
Distal MedF1.. Middle MedF!. and Proximal MedFl. (dml. mm1, and pm]
respeclively in Figure 5.109. b),

Groove FIFZ. is the Marginal Mantle Groove between FI. and F2,
(gFIF2. in Figure 5.103. b) and the Omega Gland occupies Lhe latera)
aspecl of the Apex of Groove FIF2. (o and al2 respeclively in Figure
5.103. b).

The Lhree lissue Regions of LalF2. going proximo-distally are
Proximal LatF2., Middle LatF2. and Distal lalF2. (pl2, mI2 and d12
respectively in Figure 5.103. b).

The two lissue Regions of MedF2. are distal MedF2. and Proximal MedF2..
(dm2 and pm?2 respeclively in Figure 5.103, b).

The Trabecular Turquoise glands of the Lype found from Lhe Hinge
to Lhe Apical Region of Groove FIF2. (al2 in Figure 5.103. b) are
designaled L1 and those of Lhe Lype found belween Apical Groove FIF2,
and Distal LatF3. are 112 in Figure 5.103. b,

FIGURE 5103 Hinctad marsaritifers =Anlerior Distal Folded Region and
Tissue Regions of Anlerior Folds F1. and F2
LM x 120 AB/MSB Distal Folded Region.

b. LM ¥ 120 AB/M3B. FoldFl. and FoldF2.
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5.5.26.5. Anterior Pallial Gland.

That Pallial Gland has a dense fibrous conneclive tissue (fe in
Figure 5.104. a and b) bolk subepithelially, and providing a strueture for
the glandular cells,

The bodies of Lhe Trabecular Turquoise Glands are clustered under
the subepithelial conneective Lissye (tt in Figure 5.105. a and b).

Deep to the Turquoise Glands are several types of Granular
Cyloplasm Secrelory Glands (21 and g2 in Figure 5.104. b).

FIGURE 5.104. »~ margaritfera Anlerior Pallial Gland.
a. LM x 770  AB/MSB. Epithelium. connective Llissue and
unicellular
glands.
b TEM. x 1800 As for & above.
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5526.6. Anlerior Proximal Pallial Region.

The surface epithelium has columnar cells with apical microvilli
(am in Figure 5.105. a and ¢).

Some Trabecular Turquoise Glands appear lo be intraepilhelial
while others have Lheir cell bodies in the subepithelium (it and stt
respeclively Figure 5.105. a, b and e).

Al least Lwo different kinds of Granular Cyloplasm Secrelory Gland
are illustrated (g1 and g2 in Figure 5.105. a. b d and e)

The cyloplasm of the Trabecular Turquoise Glands is clearly
striale (Figure 5.105. b and d).

The surface epithelium bears cilia in the suleus (¢ in Figure 5.105.
e) and mitochondria in he apical cyloplasm (mi in Figure 5.105. e).
Nerves with prominent elliplical neurosecrelory granules lie in the
conneclive lissue which carries muscle bundles in Lhe subepithelium

superficial lo lhe deeper bodies of unicellular glands (n in Figure
5.105.a),

FIGURE 5.105.  Zinelada margaritifers —Anterior Proximal Pallial Region

a. TEM. x 1800 Surface epithelium and intraepithelial and
subepithelial secrelory structures.

b. TEM. x 3500 Intraepithelial Seeretory Glands

c. TEM. x 12000 Ultrastruclure of apical region of surface
epithelium

d. TEM. x 12000 Higher magnificalion of a gland in b above,

¢ TEM. x 12000 Higher magnification of a different gland in b
above.






314
5.5.2.6.7. Anlerior Dislal Folded Region.

The chiel characteristics of this Region are the relatively large
outfoldings of the epithelium and subepilhelium and the paltern of
elongate subepithelial sinus lying normal to the epithelial surface. (s in
Figure 5.106. a, b and ¢).

There 15 a quile dense population of bolh Trabecular Turquoise
Glands (WL in Figure 5.106. a and d). and a variety of Granular Cytoplasm
Secrelory Glands (g1 and g2 in Figure 5.106. d).

The surface epithelium bears secrelory apical microvilli (am in
Figure 5.106. b, ¢ and d).

FIGURE 5.106.  Aiclads marearitifera - Anterior Distal Folded Region.
a. LM. x 770 AB/MSB. Surface epithelium and subepilhelial
secrelory glands and sinus

b. T.EM. x 1800  Surface epithelium with apical microvilli,
subepithelial glands and sinus.

e TEM. x 4500  As for b above al higher magnification.

d. TEM x 1800  Surface epithelium and subepithelial secrelory
glands around an infolding.
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55.2.6.8. Mantle Margin Regions.
552681 Anterior LalF] .

This is divided inlo Lhree hislological Regions - Proximal LalFl.,
Mantle Edge Gland, and Terminal LatFl1..

Proximal LalF1. has lower foldings than the Distal Folded Region
and lacks Lhe specialised subepithelial sinus of the latter bul has a
similar relalively heavy population of Trabecular Turquoise Glands and
Granular Cyloplasm Secrelory Glands (pL! in Figure 5.103. b),

The Manlle BEdge Gland is a specialised elongale columnar
epithelium (meg in Figure 5.107. a and b) with a dense mal of secrelory
apical microvilli (am in Figure 5.107. a) and a system of small sinus
benealh the pronounced basemenl membrane (s and bm in Figure 5107
b). There is a conspicuous shorlage of unicellular secrelory glands
compared with any olther Regien bul the Isthmus on the External Manlle
and Mantle Margin. Vesicles from the extremities of the apical microvilli
coalesce lo form a lamina secrelion which is very electron dense (Is in
Figure 5.97a) and stains Lurquoise with AB./M.S.B. (Is in Figure 5.107. b),

Terminal LalF1. has a lower (Lhan the Mantle Edge Gland). bul still
elongale columnar epithelium and lacks the system of subepithelial
sinus.  The unicellular seeretory glandg of Terminal F1. underlie Lhis
surface epithelium bul mostly secrele lhrough thal of Distal MedF1, and
will Lherefore be described in detail with thal Region. They include Ovoid
Blue Glands and distal diffuse glands (ob and dd in Figure 5.107. a and
b).

FIGURE 5.107. Awelada marzariifera - Anlerior Manlle Edge Gland and

Terminal lalF]

a. TEM. x 18000  Apical Manlle Edze Gland
b, LM x 770 AB./MSB. Mantle Edge Gland.
e. LM. x 770 AB./M3.B Terminal F1..
(. LM, x 777 ADB/MSB. Terminal F1..
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9.5.26.8.2. Anterior and Byssal Embaymenl Distal and Middle MedF1.

The Anterior Distal MedF1. has a low columnar surface epelhelium
with occassional pigmented cells, (p in Figure 5.108. a).

There are a number of Granular Cyloplasm Secrelory Glands in
the subepithelium (g in Figure 5.108. a). Almost unique Lo Lhis location
are the Ovoid Blue Glands and Distal Diffuse Glands (ob and dd
respectively in Figure 5.107. ¢ and d and 5.108. a).

The junction (j) of the Distal MedF1. and Middle MedF]. (dm1 and
mml respeclively) is illustraled in Figure 5.108. b. The laller has a
unique arrangemenl of subepilhelial fibrous conneclive lissue and
muscles, (fe in Figure 5.108, b)

In the Byssal Embayment there is a quile different array of
Granular Cyloplasm Secrelory Glands from Lhose seen anleriorly (gl, g2
and g3 in Figure 5.108. ¢).

Figure 5.108. d illustrales (he relalionship between Lhe cell bodies
of & variely of Granular Cytoplasm Secretory Glands Lo each olher and to
the parenchymal sinus (s in Figure 5.108. d) in the Anterior Distal MedF1.

FIGURE 5.108. Puctads. marzaritifers - Anlerior and Byssal Embayment

Distal and Middle MedF| ..

a LM x 770 A.B./MSB. Distal MedF]..

b, LM. x 770 A.B./MS.B. Junetion of Distal and Middle MedF1,

LM.x 770 Mallorys. Byssal Embaymenl Distal MedF]_

LM. x 1200 Mallorys. Sagillal Section, subepithelial Anlerior
Distal Med.F1

L
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5.5.2.68.3. Anterior Proximal MedF1 .

The Anlerior Proximal MedFl. surface epilhelium is an elongale
columnar epithelium relative to the other regions of MedFl. and has
apical microvilli.

The subepithelial Granular Cyloplasm Secrelory Glands are
predominantly of two kinds - one with a eyloplasm consisting mostly of
granules which slain red with AB./M.SB. and the olher wilh red granules
in @ blue cyloplasmic matrix with AB./MSB (g1 and g2 respectively in
Figure 5.109. a and b),

The Pleated Secrelion of Groove FIF2. (ps in Figure 5.109. a, b and
c) initially stains lurquoise with AB/MSB. bul usually changes ils
slaining affinily distally. It is a conlinuous sheel of malerial and hence

forms a complete barrier belween Lthe materials secreted on either side
of il (Figure 5.109. ¢).

FIGURE 5.100.  Ainelada marzariiifera - Anterior Proximal MedF!1.

a LM. x 770 AB./MSB. Surface epilhelium. subepithelial glands
and Plealed Secrelion of Groove FIF2,

h. LM. x 770  A.B./M.3.B. As for a above,

e TEM x 1800  As for a and b above.






322
2.0.2.684. Anterior Apical Groove FIFZ.,

In Figure 5.110, L. is lateral and M is medial

The Pleated Secrelion of Groove FIFZ. (ps in Figure 5.110. a and b)
issues from the Apical Channel (ac in Figure 5.110. a and b). Laleral Lo
the Apical Channel are the Distal and Proximal parts of the Omega Glands
(do and po respectively in Figure 5.110. a and b). The Proximal Parl of
the Omega Gland comprises Cellic Scroll Cells superficially. (¢s in Figure
5.110). and deeper. Lhe Fenestraled Cells and the Mullivesiculate Cells, (fe
and me respectively in Figure 5.110)..

Medial Lo Lhe apical Channel are proximally, the Dactyloeyles with
even length strong microvilli medially bordering the Apical Channel, and
distal to them the Black Granule Secretory Cells, {d and bgse respectively
in Figure 5.110))

Beneath Lhe Omega Gland is the dense Subapical Connective Tissue
(sac in Figure 5.110. a and b)

Belween Lhe Lwo parts of the Omega Gland are the Unicellular
Glands of Lhe Omega Cland - Trabecular Turquoise Clands and or
Granular Cytoplasm Secrelory Glands depending on location. (tt and g in
Figure 5.110. a and b).

FIGURE 5.110.  Amclada marsarsifera Snlerior Apical Groove FIF2.,
a. LM x 770 AB/MSB. Omega Gland, Daclylocyles and other

specialised secrelory struclures of Apical groove F1F2.
b TEM. x 1800 As for & above
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552685  Cells of the Omega Gland and the Origin of the Pleated
secrelion of Groove FIF2..

The Pleated Secrelion of Groove FIF2 originates al the proximal
end of Lhe Apical Channel {pe in Figure 5.111, a and ¢).

AL this point. the most proximal Daclylocyte joins the
Multivesiculate Cell (pde and me respectively in Figure 5.111. a and c¢)
and the Amorphous Membrane Bound Secretion elaboraled by the
Fenestrated Cells (mbs and fc respectively in Figure 5.111. a, b and ¢).

The Mullivesiculale Cell contribules Lwo distinct Lypes of Vesicles
to the location where the Pleated Secrelion originales - a hollow visicle
with internal adherances lo its surrounding membrane (hv in Figure
2111 a and ¢) and a mulli membranous vesicle which appears lo be
synthesized in Lhe vicinity of the Amorphous Membrane Bound Secretion
of the Fenestrated Cell (mm in Figures 5111 a, b and ¢).

The Multivesiculale Cells and Lhe Fenestraled Cells form Lhe inner
layer of the Proimal Parl of Lhe Omega Gland. The Outer Layer of Lhe
Omega Gland is occupied by the Celtic Scroll Cells (ese in Figure 5.111. a).

FIGURE 5.111  Piwclada marzarilifera - Cells of the Anterior Omega

Gland and sile of origin of Plealed Secretion of Groove FIF2..

a. TEM x 7000 Celtic Scroll Cell, Feneslraled Cells, Mullivesiculate
Cell. Dactylocyle and Amorphous Seeretion al
proximal end of the Apical Channel of Groove F1F2.

b. TEM. x 24000 Higher magnificalion of parl of a

c. TEM. x 24000 Higher magnification of part of a.
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552686. Distal Anterior Apical Channel of Groove FIF2..

The forming Plealed Secrelion of Groove FIFZ. lies in Lhe Apical
Channel between the Celtic Scroll Cells of the Omega Gland laterally and
the microvilli of the Daclylocyles medially (cs and de respectively in
Figure 5.112.).

The Daclylocyles contribule electron dense malerial lo Lhe
forming Plealed Secrelion via their apical microvilli (ed, Figure 5.112.).

The Celtic Scroll Cells produce large membrane bound vesicles
which are secreled inlo proximal Groove FIF2 lateral to the Plealed
Secrelion of Groove FIFZ..

The Black Granule Secretory Cells are distal Lo the Daclylocyles
(1e on Proximal LalF2.), and synthesize electron dense granules which are
malured in vesicles (bg in Figure 5.112).

FIGURE 5.112.  Anclada marearitifers - Anlerior Apical Channel. Cellie
Seroll Cells, Daclylocyles and Black Granule Seeretory Cells.
TEM. x 7000 Distal Anlerior Apical Channel.
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5652687 Byssal Embaymenl and Anterior Proximal LatF2..

The Proximal LalF2. subepithelium of the Byssal Embayment has a
massive concenlralion of several species of Granular Cyloplasm Secrelory
Glands (g1, g2. g3 of Figure 5.113 a and b) which secrete inlo Receplacle
Glands (r.g. Figure 5.103 a and b) in the Proximal LalFZ2, epithelium.

The concenlration of subepithelial unicellular glands in Proximal
latF2. 1s greally decreased compared with the above al Lhe Anterior
Mantle Margin (Figure 5.113. ¢)

Light Blue Glands are mixed wilth the other Granular Cyloplasm
Secretory Glands of the Proximal LalF2. subepilhelium bul secrete
Uhrough Lhe Middle LatF2. surface epithelium (Ib in Figure 5.113. d).

FIGURE 5113 Ainclads margaritifera Anterior Proximal latF2. and
Byssal Embayment Proximal LatF2.

LM x 770 Mallorys Byssal Embaymenl

LM. x 770 Malllorys Byssal Embayment.

LM x 770 AB/MSB. Anlerior Mantle Margin.

LM.x 770 AB/MSB. Anterior Mantle Margin

e o o o
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5526.8.8. Anlerior Middle and Distal LalF2. and Terminal F2..
Distal and Proximal MedF2..

A lype of Trabecular Turquoise Gland distincl from Lhal which
occurs on Lhe Exlernal Mantle and on F1. is common lo all Regions of F2,
and LalF3.. (112 in Figure 5.114. b, ¢, d and e).

The dominanl subepithelial unicellular Gland of Middle Lal F2. is
the Light Blue Gland (Ib of Figure 5.114. a and b)

The surface epithelium of the Middle LalF2. Region is similar
throughout the Awcfaci and is a heavily cilialed elongale columnar
epithelium with basal nuclei (se in Figure 5.114. a). It exhibils Lhe
semicircular infoldings separaled by flat plaleaux Lypical of Lhis Region
(si in Figure 5.114. a).

The surface epithelium of Medial LalF2 is heavily pigmented. With
AB./MSB. the surface epithelial pigment granules of Distal MedF2. stain
brown and those of Proximal MedF2 slain largely a tan colour, (Figure
903.114, d and e respeclively).

FIGURE 5.114. Zinclads margariifera - Anlerior Middle and Distal LalF2.
Terminal F2. and Dislal and Proximal MedF2.

a. LM.x 770 AB./MS.B. MiddlelalF2.

b. LM. x 770 AB/MSB Distal LalF2.

e, LM. x 770 AB/MSB. Terminal F2

d LM x 770 AB/MSB.  Dislal MedF2.

@ LM.x 770 AB./MS.B. Proximal MedF2..



331




332
55.26.8.9. Anterior Proximal and distal LalF3. and MedF3.

Bolh regions of LalF3. have a columnar surface epithelium wilh
basal nuclei and pigmenled apical cyloplasm - Lhal of the proximal
MedF3. has granules which largely stain lan wilth AB./M.SB. and Lhal of
the Distal MedF3. granules which exclusively stain a greyish colour with
this stain (Figure 5.115, a and b respeclively).

The subepithelial unicellular glands are largely the F2. LalF3. Lype
of Trabecular Turquoise Glands (IL2 in Figure 5.115, a and b).

The medial surface of F3. is covered wilth a mucosa which is very
different from any of those described on Lhe Exlernal Mantle and Mantle
Margin. A major difference is Lhal Lhe Trabecular Turquoise Glands and
the Granular Cytoplasm Secretory Glands are invariably intraepithehal,
(Figure 5.115, ¢).

FIGURE 5.115.  Amelads marzaritifera M. 1alF3., MedF3..

a LM x 770 AB./MSB. Proximal LalF3
b LM. x 770 AB/MS.B. Dislal LalF3.
¢ LM, x 770 AB./MSB. MedF3
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5526810, Venlral External Mantle and Mantle Margin.

The Venlral Pallial Gland has a less dense population of eilher
Trabecular Turquoise Glands or Granular Cyloplasm Secretory Glands
than the Anlerior Pallial Gland bul is broader radially (Figure 5.116. a
and b).

The Venlral Proximal Middle and Distal Pallial Regions are very
similar Lo the equivalent Anlerior Pallial Regions (Figure 5.116. ¢. d and e
compared with Figure 5.102. b, ¢ and d).

The histological divisions of the Anterior Mantle Margin (Figure
5.103.) are maintained in Lhe Venlral Manlle Margin - again in Figure
5.116. pll. meg and { indicale Proximal LalF1.. Mantle Edge Gland and
Terminal F1.. dml. mm1 and pm| represent Distal MedF1.. Middle MedFi
and Proximal MedFl. respectively: pl2. ml2. and dI2 indicate Proximal
latF2.. Middle LatF2. and Distal LalF2. respectively and dm2 and pm2
indicate Dislal MedF2. and Proximal MedF2. respectively. pld locales
Proximal LatF3..

FIGURE 8.116.  Ainrclada maresrititera - Ventral Anterior Pallial Cland
and Proximal Middle and Distal Ventral Pallial Regions and Venlral
Mantle Margin.

a. LM x 120 AB/MSB. Proximal Parl of Ventral Pallial Gland.
b. LM x 120 AB/MSR. Distal Parl of Ventral Pallial Gland.

c. LM.x 120 AB/MSB. Ventral Proximal Pallial Region.

d LMx 120 AB/MSB. Venlral Middle Pallial Region.

¢ LM x 120 AB/MSB. Distal Middle Pallial Region

[ LM x 40 AB/MSB. Venlral Mantle Margin,
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552.68.11. Ventral Distal Folded Region and Venlral Mantle Edge Gland
and Terminal FI..

The Ventral Distal Folded Region has a lower columnar epilhelium
Lhan the Anterior Distal Folded Region bul a similarly dense population of
Trabecular Turquoise Glands and Granular Cytoplasm Secretory Glands (tt
and g in Figure 5.117. a - ¢.I. Figure 5.1086. a),

The Ventral Mantle Edge Gland (mez in Figure 5.117 b) is
composed of very uniform elongate columnar epithelial cells with a
surface secrelion which stains lurquoise with AB./M.S.B. and is similar in
all respecls Lo the Anlerior Mantle Edge Gland (Figure 5107 b)

The lerminal epilhelium (L in Figure 5.117 ¢) is a low columnar
epithelium with basal nuclei. In Lhe lerminal parenchyma of Ventral Fold
F1. are Ovoid Blue Glands and Distal Diffuse Glands (ob and dd

respeclively in Figure 5.117 c) as in Anterior Terminal F1. (Figure 5.107. ¢
and d)

FIGURE 5.117.  Ainclada maggaritifera - Ventral Distal Folded Region,
Mantle Edge Gland and Terminal F|

a LM x 1200 AB/MS.B Distal Folded Region.

b, LM x 1200 AB./MSB. Manle Edge Gland,

e, LM x 1200 AB/MSB. Terminal Fl
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95.26.8.12. Venlral Medial and Apical FI..

Ventral Distal MedF1. has a low columnar surface epithelium with
basal nuclei and Granular Cytoplasm Secrelory Glands Ovoid Blue Glands
(2 and ob in Figure 5.118.) and Distal Diffuse Glands (dd in Figure 5.117).
in the subepithelium.

The Venlral Middle MedF1. is again characlerised by Lhe distinclive
subepithelial fibrous conneclive lissue unique to this location of Lhe
Mantle and Mantle Margin surface (¢ in Figure 5118, b. compare with fc
in Figure 5.108, b). The subepithelium of this Region hosts Trabecular
Turquoise glands which are similar Lo those of the External Mantle and a
variety of Granular Cyloplasm Secretory Glands (WL and g g and g
respectively in Figure 5118 b).

The Ventral Proximal MedF1. has relalively few subepithelial
Trabecular Turquoise or Granular Cytoplasm Secretory Glands (g in
Figure 5.118. ¢

Ventral Apical Groove FIF2. has an Omega Gland o in Figure 5.118.
d) with Trabecular Turquoise Clands a common feature of the Unicellular
Glands of the Omega Gland (UL in Figure 5.118. d).

The Daclyloeyles (d in Figure 5.118. d). line the medial side of the
Apical Channel from which issues Lhe Pleated Secrelion of Groove FIF2.
(ps in Fiugre 5118 d). The Black Granule Secretory Cells are distal to
the Daclytocytes (bg in Figure 5.118. d).

FIGURE 5.118 Frnclade margarrtifera - Venlral MedF1. and Apical
Groove FIRE.

a LM. x 770 AB./MS.B. Venlral Dista) MedF1..

b. LM x 770 AB/MSB. Venlral Middle MedF1.

¢ LM x 770 AB./MS.B. Venlral Proximal MedF1..

d. LM x 70 AB/MSB. Venlral Apical Groove FIF2..
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595.26.8.13. Ventral Circumpallial Nerve and LalF2..

The Circumpallial Nerve, especially in the vieinily of Lhe origins of
Lhe FI. and F2. rami. has numerous nuclei inside Lhe nerve cord. Some
of these are large pale nuclei each with a prominenl nucleolus, in large
pale staining cells with cyloplasmic exlensions. Thal is. Lhey are
morphelogically indislinel from neurons - n in Figure 5.119. a. Others
are strong slaining small nuclei in cells like the astrocyles of
mammalian neurogha (a in Figure 5.119. a). The Proximal LalF2. runs
from the Black Granule Secrelory Cells (bg in Figure 5.119. b) lo Lhe
commencemenl of the cilialed epithelium of Middle LatF2, (¢ in Figure
5119 d). The secrelion of Lhe subepilhelial Granular Cytoplasm
Secretory Glands (g in Figure 5.119. b} combine with lhe surface
secrelions of Lhe epithelia (e in Figure 5.119. b and e) and the secrelion
of the Black Granule Secrelory Glands (bg in Figure 5.119. b), Lo form the
Vesiculale Secretion of Groove FIF2. (vs in Figure 5119 ¢).  This,
together wilh Lhe secretions of the F2F3. type Trabecular Turquoise
Glands, Light Blue Glands and Granular Cyloplasm Secretory Glands of
Middle and Distal LatF2. (t12, Ib and g respectively in Figure 5.119. d and
e) produces whal is Lhought Lo be parl of Lhe forming Organic Malrices of
the Prismatic Layer (PL in Fiugre 5.119. e). The ciliated epithelium. (c in
Figure 5.119. d) is thal typical of Middle LalF2., as are lhe semicircular
invaginalions separated by shorl plaleaux (Figure 5.119. d compare with
Figure 5.114. a). The Venlral Distal latF2. has a cilialed columnar
surface epilhelium (e in Figure 5.119. e) with rounded basal nuclei.

FIGURE 5.119. Anclade marearitifera - Venlral Circum-pallial
Nerve LalF2.

a LM. x 1200 AB./MSB. Nuclei of cells in Circum-pallial Nerve,
h. LM. x 770 AB/MSB. Proximal LalF2.

. LM x 770 AB/MSB. Plealed Seeretion of Groove FIF2.

and Vesiculale Secretion of Groove FIF2 in Prox Part of Groove.
LM x 770 Middle LalF2

LM. x 770 Distal lalF2

"
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55.2.6.8.14. Venlral MedF2. and LatF3.

Distal and Proximal MedF2. and Proximal and Distal LalF3. all have
columnar surface epithelia with basal nuclei and pigmenled apical
cytoplasms (p in Figure 5.120. a, b ¢ and d).

The pigmenl granules change from predominantly brown granules
with AB/MSB. in the Distal MedF2. epilhelium to a mixture of amber
and brown granules in Proximal MedF2. almosl exclusively amber
granules in Proximal LalF3. and almosl exclusely brown granules in Distal
LatF3. The columnar epithelium is longer and the granules far denser in
Proximal LatF3. than Lhe olher Rgions

Each of these four Regions displays F2.-F9 type Trabecular
Turquoise Glands (12 in Figure 5.120 a. b and ¢), and Lhere are Granular
Cyloplasm Secrelory Glands in all four Regions (g in Figure 5.120.a, b, ¢
and d), some of which, as Lhose shown as g in Figure 5.120. a, are unique
to thal region.

FIGURE 5.120.  Ainetads marzaritifera ~Nentral Distal and Proximal
MedF2., Proximal and Distal LatF3..

LM x 770 Distal MedF2,

b. LM. x 770 Proximal MedF2..

e LM x 770  Proximal LalF3.

d. LM. x 770  Distal LaLF3

=
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5526.8.15. The Posterior Pallial Gland and Pallial Regions.

The Posterior Pallial Gland has a dense subepilhelial fibrous
conneclive lissue layer. bul a greally decreased glandular lissue of
Trabecular Turquoise Glands and Granular Cytoplasm Secretory Glands (Lt
and g respectively in Figure 5.121. a). compared wilh the Ventral and
more especially the Anlerior Pallial Glands (Figure 5.121. a, compared
with Figures 5.116. a. and Figure 5.102. a).

The Trabecular Turquoise Glands of Lhe Posterior Proximal, Middle
and Distal Pallial Regions (Fizure 5.121. b, ¢ and d respectively) are
largely intraepithelial or immedialely subepithelial (Lt in Figure 5.121. b
¢ and d).

The Granular Cyloplasm Secrelory Glands of Proximal Middle and
Distal Pallial Regions are, relatively, bolh small and sparse (g in Figures
5.121. b. ¢ and d).

FIGURE 5.121.  Aipelads marearitifera - Posterior Pallial Gland and
Proximal. Middle and Distal Pallial Regions.

a. LM. x 1200 AB/MS.B. Posterior Pallial Gland.
b. LM x 1200 AB/MSB. Posterior Proximal Pallial Region,
¢ LM, x 1200 AB/MSB. Posterior Middle Pallial Region

d LM x 1200 AB./MSB. Poslerior Distal Pallial Region
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55.2.6.8.16. Posterior Distal Folded Region, Mantle Edge Gland and
Terminal F1..

The Poslerior Distal Folded Region has a relatively low columnar
epithelium with relalively large apical nucler, (n in Figure 5.122. a).
There are here a heavy concentration of Trabecular Turquoise Glands and

Granular Cyloplasm Secrelory Glands. (Ll and g respectively in Figure
5.122. a).

The Mantle Edge Gland is a far lower columnar epithelium Lhan
that of lhe Venlral and Anlerior Mantle Margins (Figure 5.122. b
compared wilh Figures 5.107. b and 5.117. b)

The Terminal Epithelium of Posterior LatF1. (L in Figure 5.122, c),
and the Terminal F1  subepithelial unicellular glands (consisling
especially of Ovoid Blue Glands, and Dislal Diffuse Glands (ob and dd
respeclively in Figure 5.122. ¢)). are very similar Lo Lhose of the Ventral

and Anterior Mantle Margins (Figure 5122, ¢ compared wilth Figures
5107 ¢ and d and 5117 )

FIGURE 5.122.  Anclads margarilifera - Posterior Dislal Folded Region
Mantle Edge Gland and Terminal F1_

i LM x 1200 AB/MSB Distal Folded Region.

b. LM x 1200 AB./MS.B. Posterior Mantle Edge Gland.

c. LM x 1200 Poslerior Terminal FI..
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5.526.8.17. Poslerior MedF1. and Apical Groove FIF2..

Posterior Middle MedF1. has the subepithelial fibrous connective
lissue unique to this localion for Lhe entire periphery excepl for the
byssal embaymenl (¢ in Figure 5.123. a. compared wilh Figures 5.108. b
and 5.118. b). The subepithelium of Lhe Middle and Proximal MedF!.
bears Trabecular Turquoise Glands and Granular Cyloplasm Secretory
Glands (Ll and g in Figures 5.123. a and b).

The Distal Part of the Omega Gland is separaled from Lhe
Proximal Parl (do and po respectively in Figure 5123, b). by Lhe
Unicellular Glands of Lhe Omega Gland (ug in Figure 5.123, b).

The Pleated Secrelion of Groove FIF2, (ps in Figure 5.123. b)
issues from Lhe Poslerior Apical Channel between the Proximal Parl of
the Omega Gland and the Dactylocyles (po and d respectively in Figure
5.123. b).  The Black Granule Secrelory Cells of Lhe Poslerior Apical
Groove FIF2. are, as in Lhe Ventral and Anlerior Manlle Margins. located
dislal Lo Lthe Daclylocyles on Proximal LatF2. (bg in Figure 5.123. b).

FIGURE 5.123.  Ainclady marzaritifera - Poslerior MedFl. and Poslerior
Apical Groove FIF2..
a. LM x 1200 AB/MSB Middle MedF1..
b. LM x 1200 AB/MSB. Posterior Proximal MedF1. and Poslerior
Apical Groove FIF2,
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0.2.6.8.18. Poslerior LalF2,, MedF2. and LalF3..

There are a variely of species of Granular Cyloplasm Secrelory
Glands (g in Figure 5.124. a), in the subepithelium of Proximal LatF2.
which secrete into Groove FIF2. via Receplacle Glands in Lhe columnar
surface epithelium (e in Figure 5.124. a).

The Middle LatF2. has a ciliated elongate columnar epithelium (c
in Figure 5.124. b). The Vesiculale Secretion of Groove FIF2. is borne by
the cilia, (vs in Figure 5.124. b). The Middle LalF2. epithelium has
semicircular infoldings separaled by short plateaux (Figures 5.124. b).
There are numerous Type F2. - F3. Trabecular Turquoise Glands and
Light Blue Glands in the subepithelium (Lt2 and Ib respectively in Figure
5.124. b).

The pigment granules of the surface cpithelium apical cytoplasm
of Regions Dislal MedF2., Proximal MedF2. Proximal LalF3. and Distal
LalF3. (p in Figure 5.124. ¢, d. e and ), are mostly grey-brown, a
mixture of grey-brown and amber, predominanlly amber and
predominatly grey-brown respeclively (Figure 5,124, ¢, d. e and ),

All four regions have an evenly spread populalion of Type F2. -
F3. Trabecular Turquoise Glands in their subepithlium (L2 in Figure
5.124. ¢, d, e and 1) as well as Granular Cyloplasm Secretory Glands

which are commonly located wilh Lhe Trabecular Turquoise Glands (g in
Figure 5.124. ¢, d and e).

FIGURE 5.124.  Ainclads margaritifera - Poslerior LalF2., MedF2.. lalF3..
LM x 1200 AB./MS.B. Proximal LalF2..

LM x 1200 AB/MSB. Middle LalF2..

LM. x 1200 AB/MSH. Dislal MedF2

LM x 1200 AB/MSB. Proximal MedF2..

LM. x 1200 AB./MSB. Proximal LatF3..

LM. x 1200 AB/MSB. Distal LalF3..

e - - - -






352
55.26.8.19. Neural Supply Lo Pallial Gland.

The unicellular secretory glands of the Pallial Gland are directly
supplied by branches of large nerves (b in Figure 5.125.) which run in the
submucosal conneelive lissue (n in Figure 5.125.).

Within Lhe structure of the Pallial Gland the large nerve branch
shown appears lo have lwo types of neurosecrelory granules - larger
ovoid granules (o in Figure 5.125.) which are concentrated in the vieinily
of the Granular Cyloplasm Secretory Glands (g in Figuere 5.125.) and very
small spherical granules (s in Figure 5.125.) concenlrated in the vicinity
of Lhe Trabecular Turquoise Glands (Lt in Figure 5.125.).

FIGURE 5.125.  Pinelads margarsiifera - Nerve Supply to Unicellular
Glands of Pallial Gland.
T.EM. x 3500
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5.5.  PTERMCEA (Continued)
553, Fipclads fucala.
553.1.  Medial View of Nacreous Layers and Nacreo-prismalic Junction.

The Patterns of edges of Nacre Sheels in lhe Shoulder Region and
the Pallial Gland Region are commonly concenlric (¢ in Figure 5.126. a
and b) circular or spiral (s in Figure 5.126 b) joined by lightly curved
pallerns wilh numerous anastomoses. The partly-bound and free Nacre
Tiles are elongale hexagons (pb and f respectively in Figure 5.126. c).

The medial surface of the Inner Nacreous Layer in Lhe Venlral
Pallial Region in general has pallerns which are tightly curved with
numerous anaslomoses proximally and hecome progressively closer lo
parallel linear pallern going dislally.  Figure 5.126. d shows the
transformation from curved patlerns proximally (¢ on right) Lo parallel
linear patlerns distally (p on lefl).

The dislance belween edges of Nacre Sheets on the Inner Nacreous
Layer decreases wilh decrese in curvature from aboul 45 pm aparl in Lhe
concentric eircular and spiral pallerns of the Shoulder and Pallial Gland
Regions (Figure 5.126. a and b) lo aboul 35 ym apart in the strongly
curved patlerns of Lthe Proximal Pallial Region (¢ in Figure 5.126. d, and
e) to about 25 ym aparl in lhe parallel linear patterns of the Distal
Pallial Region (p in Figure 5.126. d and | and Figure 5.126. g and i). The
distance bewlween the edges of Nacre Sheets in Lhe parallel linear
patterns of the Ouler Nacreous Layer is aboul 12 ym (Figure 5.126. j).

In both the Inner Nacreous layer and Lhe Outer Nacreous layer
the Partly-bound and Free Nacre Tiles (pb and [ in Figure 5.126. ¢, e, I,
g. 1. j and 1) tend lowards a regular geomelric shape. The bound Nacre
Tiles are irregular polygons with benl side walls (Figure 5.126. k).



Lhe bound edge of the Nacre Sheel lo which Lhey are relaled (Figure

The partly-bound and free Nacre Tiles of both Lhe Inner Nacreous
Layer and the Outer Nacreous Layer decrease in size with distance from
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5.126. ¢.f. g. 1. j and 1).

Junclion lie in the grooves belween the medial ends of the Prismatic

The Parlly-bound and Free Nacre Tiles at the Nacreo-prismalic

Layer Prisms, (Figure 5.126. 1)

Near Lhe Nacreo-prismatic Junclion Lhe medial ends of Lhe

prisms are nol covered by an Inner Fibrous Shealh, (Figure 5.126. 1).

FIGURE 5.126.  Aielada ficala - Medial View, Nacreous Layers and

Nacreo-prismalie Junction.

= e

h.

S.EM.
S.EM.
S.EM.
S.EM.
SENM.
S.EM.

S.EM.
S.EM.

S.EM.

S.EM.

SEM.

S.EM.

x 72 Inner Nacreous Layer — mid-Shoulder Region.

x 79 Inner Nacreous Layer - Pallial Gland Region.

x 6300 Inner Nacreous Layer - Pallial Gland Region.

x 79 Inner Nacreous Layer — Edges of Nacre Sheels
Middle-Distal, Ventral Pallial Region.

x 1600 Inner Naereous Layer - Bound, Partly-bound
and Free Nacre Tiles.

x 3400  Inner Nacreous Layer - Middle Ventral Pallial

Nacre.

x 1600 Inner Nacreous Layer - Dislal Venlral Pallial Nacre.
x 160 Inner Nacreous Layer - Distal Ventral Pallial Naere

Paralle] line pallerns and embaymenl.

x 1600 Inner Nacreous Layer Parallel Line Pallern al left

of h. above,
x 1600 Outer Nacreous Layer, Parallel Line Pallern jusl
proximal lo Nacreo-prismalic Junclion.

x 6300  Inner Nacreous Layer - broken edge of Nacre

Sheel.
x 390  Partly-bound and Free Nacre Tiles at
Nacreo-Prismalic Junclion.
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5532.  Prismalic Layer - LM. of Radial Seclion
and S.EM. of Medial and Laleral Surfaces,

The decalcified Prismatic Layer of Z fucala in radial section
somelimes appears as if there is no physical limil belween the prisms of
successive Growth Scales (as al j in Figure 5.127. a) and al other places
the successive Growlh Scales are delimited by Inner Prismatic End Plates
and/or an Inner Fibrous Sheath on the medial surface of Lhe more
lateral Growlh Scale. and on an Ouler Fibrous Shealh and Ouler
Prismatic End Plales on the laleral surface of the more medial Growlh
Scale (s in Figure 5.127. a). In olher places the line of demarcalion
between the Growth Scales is somelimes marked by Lhe presence in the
lateral end of the Major Prisms of the more medial Growth Scale of Inner
lateral Structure. In Figure 5.127. a, parts of two successive Growth
Scales are shown. The earlier (more lateral) is marked | jusl proximal
Lo where the Growth Process has been broken off. and the laller is

marked 2 lowards ils proximal end. In Figure 5.127. a, P is proximal. D
distal and L lateral.

The medial surface of both the distal Growth Scale (Figure 5.127,
b) and Growth Processes (L Figure 5.127. ¢) are covered by Inner Fibrous
Sheath (ifs in Figure 5.127. b and ¢) which is lacking just distal to the
Naereo-prismalie Junclion (Figure 5.126. 1),

The fibres of Lhe Ouler Fibrous Shealh (ofs in Figure 5.127. d and
e) which covers the laleral surface of both the exposed Prismalic Layer
and Growlh Processes are far coarser than those of Lhe Inner Fibrous
Sheath and are directed around Lhe surface directly over the cenlre of
the underlying Ouler Prismaltic End Plates (Figure 5.127. d) and over the
centre of these Lhe fibres run transversely (i in Figure 5.127. e).



FIGURE 5.127.  Ainctada fueata - LM. Radial Section of Prismatic Layer

a,

and 5.EM. of Medial and Lateral Surfaces of Prismatic Layer.

LM.x 120 Azan Radial Seclion ef Prismalic Layer.

S.EM. x 6300 Inner Fibrous Sheath covering Distal Medial Surface
of Prismalic Layer Growlh Secale.

SEM. x 6300 Eroded Inner Fibrous Shealh, Medial Surface of
Growth Process.

SEM. x 1600 Outer Fibrous Sheath, laleral Surface of Growih

Scale.

S.EM. x 6300  Transverse Fibres over central parl of Quler
Prismalic End Plale - Lateral Surface of
Prismalic Layer.



359

L

?i FE ?-;J:hliTﬂ wnn"-fﬁq-jr':wtnfﬁnﬁﬁi:}
“]_ﬁ'ﬁ#}ﬁ,{’/}m‘“{w?‘. \ ﬁ\',l -_! I“x, mj“‘“ m'_..il?l*?- ’ Y
5 - 2 g

ax120

dx1EDﬂ;ﬁ



360
5533, Radial Broken Surface of Prismalic Layer.

The Interprismatic Organic Malrices separale the Major Prisms of
the Prismalic Layer (ip and mp respeclively in Figure 5.128. a and b).
The long axes of the Major Prisms are normal lo lhe plane of junclion
with the OQuter Nacreous Layer (on in Figure 5.128. a). The Inlerprismalic
Organic Malrix consists of sheels of perforated malerial which lie in the
Major Prisms in parallel planes normal Lo the long axis of each Major
Prisms (in. in Figure 5.128. 2 and b).

The Intraprismalic Organic Malrices are joined lo Lthe Releform
Interprismalic Organic Malrices. thus dividing Lhe Major Prisms inte
compartments (c in Figure 5.128. a and b). The calcite tablets lie in
these compartments,

FIGURE 5.128.  Pwclads fucals -SEM. of Radial Broken Surface of
Prismalic Layer.
a. S.EM. x 680 Major Prisms of Prismalic Laver and Quler
Nacreous Layer.
b. S.EM. x 3400 Higher magnification near b in Figure 5.128. a.



a1 x680

b x3400

b
e B

Figures5.128
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3534 Pallial Gland. Pallial Region, Inner Nacreous Organic Malrix,
Mantle

Margin, Fold F1. and Outer Nacreous Organie Matrix.

The Pallial Gland has Trabecular Turquoise Glands which are
superficial to a dense mass of Granular Cyloplasm Secretory Glands (Lt
and g respectively in Figure 5.129. a).

These two kinds of glands are also found in the Pallial Region
where there are relatively fewer Granular Cytoplasm Secrelory Glands (L
and g in Figure 5.129. b).

On the surface of Lhe Pallial Epithelium and in Lhe adjacent Pallial
Space (pl and ps respeclively in Figure 5.129. a, b, ¢, d and ¢) lhe
secreted granules from Lhe Granular Cyloplasm Clands appear Lo al first
coalesce and lose their identity in a secrelory ball (s in Figure 5.129. ¢
and d). These then appear lo disintegrate laterally (d in Figure 5.129. ¢
and d) and join with the secretions of the Trabecular Turquoise Glands to
form Inner Nacreous Layer Organic Matrix (in, in Figure 5.129. ¢ and d).

The Mantle Margin has Folds F1.. F2. and F3.. (f1. {2, and 3 in
Figure 5.129. e and f).

lalFl. has a Manlle Edge Gland (meg in Figure 5.129. f). Apical
Groove FI1F2. has an Omega Gland on Lhe laleral side and. just proximally
the Circum-pallial Nerve (o and n respectively in Figure 5.129. e). There
Is a mass of glandular cells subepithelial to MedF1. (g mfi in Figure 5.129.
e) which produce a secretion which stains lurquoise with A.B./M.S.B. and
may be the organic matrix of the Ouler Nacreous Layer (onl in Figure
5.129. f). The Pleated Secretion of Groove F1F2, (ps in Figure 5.129. e)

seperates MedFl. and ils secrelions from those of the subepithelial
Glands of LalF2. (g in Figure 5129 e).
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FIGURE 5.129.  Apetada fueals - External Mantle, Mantle Margin and
Ltheir Secrelions,

LM, x 770  Pallial Gland

LM. x 770 Pallial Region secrelory struclures.

LM. x 770 Pallial Region surface and secretions.

LM. x 770 Secreled malerial in Pallial Space.

LM. x 77 Mantle Margin malerial secreted by MedF1.

LM. x 770 Terminal F1.

=5 &0 T
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9.5.0.5.  Apical Groove FIF2.,

A Langential seclion of Lhe apex of Groove FIFZ. shows Lhal in this
plane the Apical Channel is folded, (ac in Figure 5.130.).

The Celtic Scroll Cells line the laleral side of the Apical Channel
and the Dactylocyles the medial side, (cs and d respectively in Figure
5.130.)

The Unicellular Glands of Lthe Omega Gland lie immedialely laleral
lo the Omega Gland epithelial cells (u in Figure 5.130.). Granular
Cytoplasm Secretory Glands oceur amongst the musecles and fibrous
conneclive Lissue belween Lhe Daclyloeytes and the Circum- pallial Nerve,

Apart from the nuclei of Sheath Cells (s in Figure 5.129.) al the
edge of the Circum-pallial Nerve, (en in Figure 5.130.). lwo different
types of nuclei occur within the body of the nerve. One is a small dense
nucleus (a in Figure 5.129.), The other lype are large pale nuclei with
prominent nucleoli in large pale cells (n in Figure 5.130.). The laller are
thought lo be lhose of peripheral neurones - large pale slaining nuclei
with prominent nueleoli. (n in Figure 5.130).

FIGURE 5.130. /Ainelads fuesda Apical Groove F1F2.
LM. x 770  Azan.
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Figure5.130
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0.04.  SINCTHH 5P T

9.0.4.1. Nacreous Layers and Prismatic Layer of Valve.

The medial surface of lhe Inner Nacreous Layer displays
concentric circular patlerns of edges of Nacre Sheels in Lhe Shoulder
Region (c in Figure 5.131. a), and concentric ovoid, (o in Figure 5.131. b),
ones in the Pallial Gland Region. Going distally across the Pallial Region
the pallerns of edges of Nacre Sheels progressively approach parallel
linear pallerns (Figure 5.131. ¢). Throughout the Inner Nacreous layer
medial surface lhe dislance belween edges of Nacre Sheets s greater
where they are more strongly curved and becomes smaller as lhe
patterns approach parallel linearity. The parallel linear edges of Nacre
Sheels of Lhe OQuler Naereous Layer (Figure 5.131. d) are aboul hall Lhe
distance aparl of the mosl narrowly spaced palterns in the Inner
Nacreous Layers (¢f Figure 5.131 ¢).

Throughout Lthe medial surface of the Nacreous Layers the Partly-
bound and Free Nacre Tiles lie on aboul half Lhe distance belween Lhe
bound edges of Nacre Sheels and become progressively smaller wilh
distance from the bound edge of Lhe Nacre Sheel.

AL Lhe Nacreo-prismalic Junclion the Parlly-bound and Free
Naere Tiles lie in the Grooves surrounding the Inner Prismalic End Plates
(ipep in Figure 5.131. ¢) which are nol covered with an Inner Fibrous
Sheath adjacenl Lo Lhe Nacreo-prismalic Junclion.

More distally the Inner Prismatic End Plales are covered wilh an
Inner Fibrous Sheath (ipep and ifs respectively in Figure 5.131, 1), The
periodicily of the surface fibres of this is less than half thal of those of
Lhe Quler Fibrous Shealh (ofs in Figure 5.131 g) which invests the outer
surface of the Prismalic Layer.
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Near Lhe edge of Lhe Growth Processes Lhe Inner Prismatic End
Plales of the Growth Process Prisms are constrained into parallelograms
instead of the usual irregular polygons (p in Figure 5.131. h and i).

FIGURE 5.131,  Aimelada sp. / Nacreous Layers and Prismalic Layer of
Valve.

3. SEM. x 100 Inner Nacreous Layer. Shoulder Region Medial View

b. SEM x 100 Inner Nacreous Layer, Pallial Gland Region Medial

e. SEM. x 100 Inner Nacreous layer, Pallial Region Medial View,

d. SEM x 400  Ouler Nacreous Layer just proximal Lo Nacreo-
Prismatie Junclion,

e S.EM. x 1600 Nacreo-prismatic Junction - medial view.

I. SEM x 1600 Inner Fibrous Sheath - Distal Medial Growth Scale.

g, SEM. x 800 Outer Fibrous Sheath - Lateral Surface Prismalic

Layer.

h. SEM x 800 Growth Process - Inner Prismatic End Plales near
edpe.

1 SEM. x 1600 Growlh Process - Inner Prismalic End Plales near

edge.






370
2.5.4.2. Mantle Margin and Secretory Structures of LatF2,

The Mantle Margin has lhree Folds. F1., F2. and F3. in Figure
9.132, a

Proximal LalFl. has a subepithelium with numerous Trabecular
Turquoise Glands (tt1 in Figure 5.132, a). Middle LatF1. has a Manlle Edge

Gland (m in Figure 5132, a). There are Ovoid Blue Glands in Lhe
parenchyma of Terminal F1. (o in Figure 5.132, a).

Trabecular Turquoise Glands of the Exlernal Mantle-F1. Lype are

scatlered throughoul the MedFl. epithelium and subepithelium. (Lt1 in
Figure 5 132 a)

Apical Groove FIFZ. has an Omega Gland which produces the
Plealed Secretion of Groove FIF2,, {0 and ps respeclively in Figure 5.132,
a). The Circum-pallial Nerve lies beside the Circum-pallial Sinus (n and
st respectively in Figure 5.132. a).

The subepithelial glands of Proximal and Middle Lateral F2. form a
continuous mass from Lhe Circum-pallial Nerve Lo the middle of Middle
LatF2., (g in Figure 5.132. a and b)

The seerelory glands of Lhe subepithelium of Proximal LatF2., (g
in Figure 5132 a), and Middle LatF2.. (g in Figure 5.132. b). secrele a
malerial which stains bright red with Azan (s in Figure 5.132. b and c)
and comes Lo lie in the epithelial folds of the middle and dislsl parts of
Middle LatF2. medial to Lhe Plealed Secretion of Groove FIF2. (ps in
Figure 5.132. ¢).

Trabecular Turquoise Glands of the F2F3. Lype are rare on LalF2.
bul eceur Lhroughout the subepithelium of MedF2. and LatF3., (11 2 in
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Figure 5.132. a).

The Mantle Margin of Aiclads sp. / is distinguished from Lhal of
Finctads fucate by Lhe relatively greally reduced concentralion of
Granular Cytoplasm Secretory Glands in Lhe MedF1. subepilhelium (Figure
9.132. a, compared with Figure 5.129 e). The secrelory struclures of
LalF2. are invesled by branches of the F2. ramis of the Circum-pallial
Nerve (F2. rn in Figure 5.132. b)

FIGURE 5.132.  Ainclada sp. /. LM. Mantle Margin and Secrelion of
Prismatic Layer Organic Malrices.

a, LM. x 77 AB./MSB. Manlle Margin,

b, LM. x 770  Azan Proximal Part of Middle LatF2.

e LM. x 770 Azan Dislal Parl of Middle LalF2..
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555, M4 ¥ 2
9.55.1. Nacreous and Prismalic Layers of Valves,

The shapes of the Parlly-bound and Free Nacre Tiles of the
medial surface of the Inner Nacreous Layer may vary from Lruncated
orthorhombic shapes in the Proximal Pallial Region (Figure 5.133. a) Lo
approach regular hexagons in Lhe Distal Pallial Region (Figure 51.33. b)
on Lhe same valve. Again, on Lhe same valve, Lhe medial surface of Lhe
Ouler Nacreous Layer may have extended hexagon shapes of Nacre Tiles
(Figure 5.133. ¢). Irrespective of shape the equivalenl axes of Lhe Nacre
Tiles are aligned al a sel angle Lo Lhe direction of Lhe edges of the Nacre
Sheels in any area, (Figure 5.133. a, b and ¢)

The Ouler Prismatic End Plates (opep in Figure 5.133 a) of Lhe
Major Prisms of the Prismalic Layer in Lhis species bear concentric rings.
(r. in Figure 5.133. d and e) which can be discerned through the Ouler
Fibrous Sheath (ofs in Figure 5.193. d).

In Figure 5.133. d the Ouler Fibrous Sheath {ofs in Figure 5.133. ¢)
has been eroded.

Near lhe edge of the Growth Processes the Inner Prismatic End
Plates of Lhe Growth Process Prisms have been constrained so thal Lhey
are parallelograms in shape (p in Figure 5.133. g) and lie between parallel
lines (Figure 5.133. ).

FIGURE 5.133. Amelada sp. 2 Nacreous layers and Prismalic Layer.

a, S.EM. x 3200 Inner Nacreous Layer Proximal Pallial Region
medial surface

b. SEM x 3200 Inner Nacreous Layer Distal Pallial Region

medial surface.

¢ SEM. x 3200 Ouler Nacreous layer, medial surface.

d. SEM. x 1600 Lateral surface Prismalic Layer

e SEM x 2500  Lateral surface Prismalic Layer,

[ SEM x 200 Growth Process. Medial surface near edoe

i SEM x 1600 Growlh Process. Medial surface near edge.
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0.0.5. AT SP 2
55.5.2. Mantle Margin and Nacreous Organic Malrix Secretion by External

Mantle and Distal Folded Region.

The External Mantle, Distal Folded Region, and Proximal LalFl..
(em, dfr and LF1. respectively in Figure 5.134. a) bear External Mantle=F1
Type Trabecular Turquoise Glands LL1 in Figure 5.134. a, ¢ and d)

The LalF1. has a Mantle Edge Gland (m in Figure 5.134. a).

There is a relatively moderate density of Granular Cytoplasm
Secrelory Glands in the subepithelium of both MedF|. and LatF2. (g. g in
Figure 5.134. a, where Fl. and F2. are marked F1. and F2)

Apical Groove FIF2. has an Omega Gland laterally and Dactyvlocyles
medially (o and d respeclively in Figure 5.134. a). Proximal lo Apical
Groove FIF2. are Lhe Circum-pallial Nerve and Cireum-pallial Sinus (n
and si respectively in Figure 5.134. a)

The secrelions of the Trabecular Turquoise Glands joins with
agglomeraled secretions from the Granular Cytoplasm Secrelory Glands
(TS and gs respectively in Figure 5.134. b. ¢ and d) to form the Nacreous
Organic Malrices above (he Pallial Region (Figure 5.134. b) and the Distal
Folded Region (Figure 5.134. e and d). The Nacreous Organic Matrices
stain blue with Azan (nom in Figure 5124 ¢) and turquoise with
AB./MSB. (nom in Figure 5.134 b and d).

FIGURE 5.134.  Awectada sp 2~ LM External Manlle. Mantle Margin
and Secrelion of Nacreous Organic Matrices

a. LM-x 77 AB/MSB Distal Folded Region and Mantle Margin
Folds F1 . F2

b. LM x 770 AB/MSB. Forming Nacreons Organic Malrix Pallial
Region

. LM x 770  Azan  Forming Nacreous Organic Malrix Distal Folded
Region

d LM. x 770 AB/MSSE Secrelion of Trabecular Turquoise Glands
of Mistal Folded Region.
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5553  TEM. of Nacre Formalion, Distal Folded Region.

The Organic Malrices in which Lhe aragonile Nacre Tiles form are
synthesized on Lhe surface of Lhe lissues which secrele Lhe organie
matrix precursors. Al the edge of where the brickwork patlers are
forming are amorphous malerial, (presumably from Trabecular Turquoise
Glands), granules and disintegrating granules from Granular Cyloplasm
Secretory Glands, and cilia, (a. g and ¢ respectively in Figure 5.135. a, b
and c).

FIGURE 5.135.  Ametada sp. 2 TEM. of Formation of Nacreous Organic
Matrix on Distal Folded Region.

a. TEM. x 7000

b. TEM x 1800

B TEM. x 11000 Higher magnificalion compared wilh area 1 in b
above.



Figurﬂ 5'135 “raiend b er— iy 1) 'Cx'l'lﬂﬁ[l Y o

A, T il ALY TE



379
5554  TEM. Nacreous Organic Malrix Formation - Middle MedF1..

Nacreous Organic Matrix (nom in Figure 5.136. a and b) forms on

lhe surface of Middle MedFl. between Uhe microvilli on the apical

membrane of the surface epithelial cells and Lhe Plealed Secrelion of

Groove FIFZ. (m and ps respectively in Figure 5.136. a).

The Nacreous Organic Matrix appears to form in Lhe presence of
amorphous secreted material. disintegrating granules from Granular
Cyloplasm Secretory Glands and in places secreled pigment granules (a. g

and p respectively in Figure 5.136. b)

FIGURE 5.136.  Aiclads sp. 2~ Nacreous Organic Malrix Formalion,
Middle MedF1..

i T.EM x 7000

b T.EM. x 7000
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5555 Plealed Secrelion of Groove F1F2. and Vesiculale Secretion of
Groove FIF2..

The Pleated Secretion of Groove FIFZ. which issues from Lthe
Apical Channel belween Lhe Omega gland lalerally and the Dactylocyles
medially has a lighler middle parl belween Lwo Lhinner electron dense
outer lamina (Figure 5137 a). Electron dense Granules from the Black
Granule Secrelory Cells are atlached al regular inlervals to the medial
surface (bg in Figure 5.137. a).

The Vesiculale Secretion of Groove FIF2. is formed from vesiculate
secrelions of Proximal LalF2. (v in Figure 5.137c) and carries eleclron
dense granules from the Black Granule Secrelory Cells on ils laleral
surface, (bg in Figure 5.137. ¢).

As Lhe secrelion passes dislally down groove FIFZ. lhe large
vesicles are incorporated in a seeretory malrix. (sm. Figure 5.137. b).

FIGURE 5137, Ainctada sp. 2 - TEM. of Pleated Secretion of Groove
FIF2.. and Vesiculale Secretion of Groove FIF2..

a. TEM x 53000 Plealed Secrelion of Groove FIF2.,

h TEM. x 53000 Vesiculale Secretion of Groove FIF2.

¢. TEM. x 53000 Vesiculale Secretion of Groove FIF2..
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0.5.6. FNTHH 5P 3
556.1. Mantle Margin of Aclada sp. 7

Pinclada sp. & is a relatively small pear] oysler with a dark
coloured Prismalic Layer and purple coloured nacre. especially the Outer
nacreous Layer (Figure 3.3. a and c).

There are three Marginal Manlle Folds. F1. and F2. are shown in
Figure 5.138. a.

Fxternal Manlle-F1. type Trabecular Turquoise Glands are
conspicuous in the subepithelium of the Distal Folded Region and Middle
MedF1.. (Ll in Figure 5138, a and b). The surface epithelium of Proximal
medF1. is heavily pigmented (P in mfs in Figure 5.138. a and b). LalF2.
surface epithelium is less conspicuously pigmented, as is MedF2. (If2 and
mi2 respectively in Figure 5.138. a)

587 ANCTAM SP 4
55.7.1.  Manlle Margin of Apeclada sp. 4.

The Valves of Awclada sp. 4 are dislinguished from Ametads sp.
7 partly by the more silvery nacre. especially the Ouler Nacreous Layer
(Figure 3.3. ¢).

The most obvious difference in Lhe hislology of the Mantle Margin
of Fnelads sp. 4 compared with FAnelada sp. J is the almost tolal lack
of pigment granules in the surface epithelium of Proximal MedF1. (mfi in
Figure 5.138. ¢).

The surface epithelium of LalF2. is again pigmented (P in Figure
5.138. c).

FIGURE 5.138. Manlle Margins of Auclods sp. J and Hinclada sp. 4

a. LM. x 150 AB./MS.B. Amelads sp. 7 Mantle Margin.

b. LM. x 770 AB./MS.B. Apeclads sp. 7 MedFl.,

c. LM. x 770 AB./MSB. Apectads sp 4 Proximal MedF'1.,
Apical Groove FIFZ., Proximal LalF2..
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0.5.8.  PINCTAOL CHEMNITZ!

The Valves of lhis species have a Prismalic layer which is
relatively very thin and is a uniform dull yellow-brown colour (PL in
Figure 5.139. a). The Growlh Processes are commonly so small as o be
seen only with magnificalion (GP in Figure 3.3 g). The area of Nacreous
Layer is noliceably grealer in the left Valve than Lhe Right Valve and in
both cases commonly lerminales dislally well shorl of the Venlral
periphery, (NL, Figure 5.139. a).

The Nacre has a clear silver lustre.

Both Lhe Exlernal Mantle and more especially the Mantle Margin
have a relalively diminished display of most kinds of secretory glands
(Figure 5.139. b and ¢ show more abundanl subepithelial glands than in
some specimens of the Manlle Margin of Lhis species.)

The Mantle Edge Gland {m.eg. in Figure 5.139. b) is relatively
inconspicuous as are Lhe secrelory strucutres of MedFl. The Omega
Gland (0 in Figures 5.139. b and c) and Daclylocytes (d in Figure 5.139. b

and c¢) produce a copious Pleated Secretion of Groove FIF2. (ps in Figure
5.139. b and ¢).

There are relalively large numbers of Microgranular Glands in the
Parenchyma of F2. and 3. (mg in Figure 5.139. b and c),

FIGURE 5.139. Ainecladi chemnitzr ~Valves and Mantle Margin.
a. x 0.7 Medial surface of Valves.

b. LM.x 77 AB/MS.B. Mantle Margin.

c. LM. x 150 AB./MSB. Groove FIF2., Groove F2F3..
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0.0.9. AMCTHI SP &

The Valves of this species display relalively large coarse Prismalic
Layer Growlh Processes which are porcelain white in colour (gp in Figure
5.140. a).

The Nacreous Layers (nl in Figure 33 d) cover almosl Lhe enlire
medial surface of the Valves.

MedF1. has numerous subepithelial Granular Cyloplasm Secrelory
Glands and Trabecular Turquoise Gland (g¢ and L in Figure 5.140. b).
The Pleated Secrelion (ps in Figure 5.140. b and ¢) issues from the Apical
Channel (ac in Figure 5.140. a) and divides Lhe forming Outer Nacreous
Layer Organic Matrix (onom in Figure 5.140. ¢) from lhe Vesiculale
Secrelion of Groove FIFZ. (vs in Figure 5.140. d).

Middle LatF2. is Lypical for the Amesadz (mLF2. in Filgure 5.140.
d) and contribules lo the Vesiculale Secretion. There is an unusually
heavy concentralion of Granular Cyloplasm Secrelory Glands and

Trabecular Turquoise Glands in the Subepithelium of MedF2. (ge and U in
Figure 5.140. e).

FIGURE 5.140. Aumcteds PS5  -Llefl Valve, Mantle Margin and Secretions.

a. x 1.5, Left Valve lateral view (repealed from Figure 3.3 e).
b. LM.x 150 AB./MSB. Apical Groove FIF2,
e, LM. x 770 AB./M.S.B. Forming Ouler Nacreous Layer and

Plealed Secretion.
d. LM. x 770 AB./M.SB. Middle Laleral F2. and Vesiculale Secretion

e LM. x 770 AB./M.S.B. Middle MedF2.
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0.0.10. PINETAIM ALEIN SUGHLATA

In Figure 5.141, L is lateral and M medial.
In this species the secretory tissues of the Exlernal Manlle are
unremarkable. The Manlle Margin is species specific.

The subepithelial Granular Cyloplasm Secretory Glands of
Proximal LatF2. stain pink with Azan (p in Figure 5.141. a) and secrele
into  Receplacle Clands in the Proximal LalF2. epilhelium.,  This
epithelium has few cilia (seen only with TEM.). With AB./M.S.B. Lhese
glands stain brick red (p in Figure 5.141 b, ¢ and d.).

AL the line of junclion belween the Proximal LatF2. and Lthe Middle
LalF2. the surface epithelium abruplly changes to one with numerous
elongale cilia as well as a dense mal of microvilli (j in Figure 5.141, a).
Immediately distal to the proximal commencement of this cilialed
epithelium it is crossed by the secrelory lubules of large unicellular
Granular Cyloplasm Secrelory Glands which secrele directly into the
Middle LalF2. part of Groove FIF2. These Glands stain dark red with Azan
(v in Figure 5.141. a). With A.B./M.S.B. these glands stain purplish-red (r
in Figure 5.141. b, ¢ and d).

There are large Granular Cyloplasm Secrelory Glands in the
subepithelim of MedF2. and LalF3. which stain blue and red with Azan (ge
in Figure 5.141, a).

FIGURE 3.141. Amctada albine syzillale - Mantle Margins
a. LM. x 77  Azan Three Marginal Mantle Folds.
b LM. x 77 AB./MS.B. Asfor a above.

e. LM, x 150 AB./M.SB. As for a and b above.

d LM. x 150 AB./MSB. Asfor a b, and ¢ above,
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0.0.11. T4 S 6
0012, PINCTAIM SE 7
0.0.13. FNCTADE 5P &
55.14. AINTA P 8
0.5.15. ANCTA SE 10

These five pearl oysters are all distinguished rom Awelada albina
syeillala by Lhe histology of Lheir Mantle Margin. Aclads sp 6 (Figure
5.142, a), has numerous subepithelial Trabecular Turquoise Glands on
MedF2. and LalF3, bul lacks the Granular Cyloplasm Secrelory Glands of
these regions seen in Anclada albing sysiffala  (Figure 5.141. a).
Finelads sp 7 (Figure 5.142, b), has a population of Granular Cyloplasm
Secrelory Glands throughoul Lhe subepithelium of F2. and LatF3. which
stain red with Azan and lacks the pink staining glands of Proximal LalFZ2.
and Lhe red slaining glands of Middle LalF2. seen in # allina susiflals
with this stain. The lissues of the Mantle Margin of FAmcleds sp &
(Figure 5.142. ¢), are very similar lo lhose of 2 afbina syeillata in
MedF2. and LalF3. However the glands of Proximal LalF2. are nearly
colourless wilh Azan in Lhis species and Lhe equivalenl. lo Lhe Middle
LalF2. Clands of Aiwclada albina syeifista stain brown with Azan in Lhis
species. lalF2. of Fmclads sp. & (Figure 5.142. d). carries a species
specific secrelory lissue of elongate tubular secretory glands which slain
dark red with Azan. The Proximal MedFl. of Awclada sp. /0 (Figure
H.142, e), has a dense populalion of Granular Cytoplasm Secrelory Glands
which, unique lo lhis species of Lhose studied, stain purple with
AB./M.SB.
FIGURE 5.142. APnclads sp. 8 Finclada sp. 7 Finclada sp. 8 Finclads sp.
g and Fnclads sp. 10 - LM Radial Sections of Mantle Margins.
LM. x 77 AB/MSB. Anclada sp. &
LM. x 77 AB/MSB. Ppctada sp. 7
LM. x 150 Azan Awelads sp. &
LM, x 160 Azan MedF1. and LalF2. Aiclads sp. 9
LM. x 770 AB./M.S.B. Middle Med F1., Binclada sp. 10
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5.5.16. FTEKH FENCOIV

5.5.16.1. Inner and Ouler Nacreous Layers.

The Inner Nacreous Layer of Alervé penewin has pallerns Lo the
edges of the Nacre Sheels which broadly reflecl lhose seen in the
Finclada Thal is. Lhe Shoulder Region and Pallial Gland Region dispaly
numerous concentric circular and less commonly spiral patterns and
strongly curved curvilinear patterns with numerous anastomoses. The
Anterior Pallial area and Proximal and Middle Veniral Pallial areas
(Figure 5.143. a. b and c) display shorl strongly curved pallerns with
numerous anastomoses. Dislally and Posleriorly from lhe above Regions
the patterns more closely approach narrowly spaced parallel straight line
patlerns. However in Llhis species as distinel from Lhe species of Lhe
Finctads he parallel linear patterns. especially near Lhe shell periphery
often lie normal Lo the adjacent Nacreo-primsatic Junetion.

The Inner Nacreous Layer Nacre Tiles are either diamond shaped
or more usually, slightly truncated diamond shaped.

The Ouler Nacreous Layer anleriorly displays a patlern of
anastomosing and Llightly curved edges of Nacre Sheels  However
Venlrally and Posteriorly the Outer Nacreous layer tends fo closely
spaced parallel linear pallerns of edges of Nacre Sheets which are aboul

parallel to the respective Nacreo-prismalic Junextions, (Figure 5,143, e
and f).

The Nacre Tiles of the Outer Nacreous layer in Lhis species are
usually diamond shaped (Figure 5.143. ) and the edges of the Free and

Partly-bound Nacre Tiles are relalively rounded and indistinct (Figure
5.143. [ and g).
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The thicknesses of the Nacre Sheels of bolh Lhe Ouler and Inner
Nacreous Layers are aboul 0.6 um. (Figure 5.143. d and p).

FIGURE 5.143. Aleria peqewin - SEM. Inner and Ouler Nacreous Layers.
. S.EM. x 400  Inner Naereous layer - Middle Ventral Pallial
Region medial view.
b. SEM. x 1600 As for a. above al higher magnification
SEM x 3200 Middle Ventral Pallial Region,
SEM. x 3200  Middle Venlral Pallial Region - radial broken
surface.
€. S.EM. x 800 Outer Nacreous Layer - proximal lo Venlral Nacreo
-prismatic Junclion medial view.
f. S.EM. x 6400  As for 3 above al higher magnification - media)
view,
g S.EM. x 3200  OQuler Nacreous layer - near Ventral Nacreo
-prismalic Junelion radial broken surface,
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5.5.16. ATERH FEVCUY (continued),
9.5.16.2. Prismalic Layer - Medial and Lateral Surfaces.

The Medial surface of the Prismalic Layer jusl dislal to the
peripheral Nacreo-prismalic Junclion is devoid of an Inner Fibrous
Sheath. (Figure 5.144. a). More distally the Inner Prismatic End Plates
are covered by a fibrous Sheath of fibre periodicily about 0.3 pm (Figure
5.144. b).

The laterally exposed Ouler Prismalic End Plales are covered by
an Ouler Fibrous Shealh of surface fibre periodicily of aboul 1.0 ym
(Figure 5.144. ¢).

The Growth Processes of Lhis species are dislally finely poinled
wilh recurved sides (Figure 5.144. d). and are covered by an Outer
Fibrous Sheath of exlernal fibre periodicity of about 0.7 pm. (Figure
5.144. e).

FIGURE 5.144. - Alera pensum - SEM. Prismalic Layer, medial and

laleral surfaces.

a. SEM. x 1600  Medial surface, bare Inner Prismatic End Plates
just distal Lo the Nacreo-prismalic Junclion,

b. SEM. x 6100  Medial surface. Inner Fibrous Sheath covering
distal Inner Prismatic End Plales.

C SEM. x 1700 Ouler Fibrous Sheath covering Laleral surface of
Prismalic Layer.

d. SEM. x 27 lateral surface. Four superimposed Growth Scales.

e. S.EM. x 3200 lateral surface. Ouler Fibrous Sheath of Growth
Scale.
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5.5.16. FTERH PENGCUIV
5.5.16.3. Prismalic Layer and Nacreo-prismalic Junclion - Radial Broken

Surface.

The Growth Scales of Lhe Prismalic Layer of Lhis species are
unually clearly defined for Lhe whole (or most) of their radial length by
the Major Prisms of each Growth Scale possessing Outer and Inner
Prismatlic End Plales. These show as conlinuous lines in radial seclion of
decalcified shell (peps in Figure 5.145. f). In SEM. of lhe radial broken
surface the Inner Prismatie End Plates (ipep in Figure 5.145. b, ¢, d and
e) appear Lo be edged by a sheel of malerial (s in Figure 5.145. ¢ and d).
This sheel appears to join lalerally wilth both Linear Pallern
Interprismatic Organic Malrix (Ip in Figure 5.145. d). and Releform
Interprismatie Organic Matrix (r in Figure 5,145, ¢ and d ).

Transverse Linear Interprismalic Organic Malrix is the major
residue of Lhe Prismalic Layer following decalcification (TL Figure 5.145.
f) and is sometimes seen with SEM, of radial broken Prismalie Layer (TL
in Figure 5.145. ¢). Nacreous Organic Malrix residual after acid
decalcificalion is finely fibrous radially and slains blue wilh azan, (nom
inFigure 5.145, f). AL the peripheral Nacreo-prismalic Junclion free
Nacre Tiles (NT Figure 5.145. €) lie in Lthe grooves between Lhe bare Inner
Prismatic End Plates (IPEP Figure 5.145. e).

FIGURE 5.145.  Alersa Fegeuiz -S.EM. Prismplpatic Layer and Nacreo
-prismalic Junclion - Radial broken surface. LM. Radial
Section decalcified Prismatic Layer and Nacreous Layers.

a. SEM. x 300 Five successive Growlh Scales.

b. SEM. x 800 Inner Prismatic End Plates and Inter-prismalic
Organic Malrices.

SEM. x 1600 Higher magnification of part of b above,

S.EM. x 3200 Higher magnificalion of ¢ above.

; S.EM. x 800 Ventral Nacreo-prismalic Junclion.

f. LM. x 42 Azan. Radial section of decalcified shell.

e o
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5.5.16. ATERU FENCUIN
5.0.16.4. External Mantle and LalF]. of Manlle Margin.

The Pallial Gland of Lhis species has a sbrong fibrous conneclive
lissue layer (ct in Figure 5.146. a) belween Lhe surface epilhelium and
the bodies of the Trabecular Turquoise Glands (Ll in Figure 5.146. a).
Deep to the latter are the saccular bodies of large Granular Cyloplasm
Secretory Glands (ge in Figure 5.146. a). Although Lhe secrelory lissues
are somewhal reduced in lhickness and densily, Lhis spalial relalionship
of these two types of Glands is largely mainlained Lhroughoul Lhe
Proximal, Middle and Dislal Pallial Regions of this species (Lt and ge in
Figure 5.146. b, ¢ and d).

In Lhe Distal Folded Region there are very few Granular Cyloplasm
Secrelory Glands and the Trabecular Turquoise Glands are often
intraepithelial (tL in Figure 5.146. e).

The Mantle Edge Gland (meg in Figure 5.146 f) is an elongate
columnar epilhelium all bul devoid of unicellular secretory glands in Lhe
subepithelium.

FIGURE 5.146. Aleria penewin - LM of External Mantle and LalF1. of
Mantle Margin.

a. LM. x 310 Mallory's. Pallial Gland.

b. .M. x 770 Mallory's. Proximal Pallial Region.

e LM x 770 Mallory's. Middle Pallial Region.

d. LM. x 770  Mallory's Distal Pallial Region.

LM x 770 Mallory's Dislal Folded Region.

[. LM. x 770 Mallory's Mantle Fdge Gland.

®
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0.0.16.  FTERMH PENCUIY
9.5.16.5. Mantle Margin Folds F1., Ancillary Fl. and LalF2.

In Figure 5.147, L is laleral, M, medial, Fold F1. is F1, Fold
Ancillary F1. is AF1, and Fold F2. is F2. The parenchyma of Terminal F1.
conlains Ovoid Blue Glands (ob in Figure 5.147), and a variely of
Granular Cyloplasm Secretory Glands (ge in Figure 5.147.). Tubular (L)
and saccular (s) Granular Cyloplasm Secrelory Glands continue in Lhe
subepithelium of Distal MedF1. (Figure 5.147.).

large Saccular Granular Cyloplasm Secrelory Glands which stain
brownish purple and amber wilh Mallorys (mge in Figure 5.147.) occur
benealh the Middle MedF1. surface epilhelium and fibrous conneclive
tissue which in radial seclion shows transverse musele fibres in fibrous
lissue lacunae (f in Figure 5.147.).

Differenl species of Granular Cytoplasm Secrelory Glands lie
beneath lhe laleral surface of Groove F1. Ancillary F1.(age in Figure
5.147). The surface epithelium of the Ancillary F1. fold is a columnar
epilthelium which increases in heighl going proximally (ce in Figure
5.147.),

Apical Groove FIF2. has an Apical Channel (ac in Figure 5.147.)
from which issues the Plealed Secrelion of Groove FIF2. (ps in Figure
5.147). The lateral side of the Apical Channel is formed by the cells of Lhe
Omega Gland and Lhe medial side by Dactylocytes (o and d respeclively in
Figure 5.147 ).

Proximal LlatF2. is an elongate columnar epithelium wilh
numerous apical cilia (pL2 m Figure 5.147). Il produces a secrelion
which contributes lo the Vesiculale Secretion of Groove F1F2.

The subepilhelium of Middle LatF2. (se mF2 in Figure 5.147.) is
densely packed wilh Secrelory Glands which secrete inlo Receptacle
Glands in the surface epithelium.

FIGURE 5.147. Aleria pengwin - LM. Mantle Margin. MedF1.. Ancillary F1.,
Apical Groove F1F2. and LatF2..
LM. x 190 Mallory's.
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Figure 5.147
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0.017.  FTERM AVCHLA
6.5.17.1. Exlernal Manlle. Pallial Nacreous Organic Maltrices Formation,

Mantle Margin.

The Trabecular Turquoise Glands of Lhe Pallial Region (LL in Figure
5.148. a), are major contribulors lo Lhe forming Inner Nacreous Layer
Organic Matrices (inom in Figure 5.148. a). The Granular Cytoplasm
Secrelory Glands, many of which in Llhis species slain yellow with
A.B./M.SB. also contribule Lheir secretions to the forming Inner Nacreous
Layer Organic Matrices (nom in Figure 5.148. b).

This species has an Omega Cland and Daclylocyles (o and d in
Figure 5.148. ¢) bounding lhe laleral and medial sides of the Apical
Channel (ac in Figure 5.148. ¢) al the proximal end of the Groove two
Mantle Marginal Folds medial Lo the Manltle Edge Gland of LatFl.. These
are Lherefore designaled FoldFl. and Ancillary FoldF1. (F1. and AF1. in
Figure 5.148. ¢). The Pleated Secretion of Groove F1F2. (PS in Figure
5.148. ¢) emanates from the Apical Channel. The Circumpallial Nerve lies
just benealh Lhe Apical fibrous Conneclive Tissue (en and acl respeclively
in Figure 5.148. ¢). The Fl. and F2. Rami of Lhe Circumpallial Nerve,
(F1.n. and F2.n. respeclively in Figure 5.148, c), innervale the secrelory
structures of MedFl. and LalF2. respeclively. The secrelory struclures of
Groove F1. Ancillary F1. produce a malerial with Lhe same slructure and
staining alfinilies as Lhe forming Nacreous Organic Matrices of Lhe Pallial
Region, (onom in Figure 5.148. ¢ and d). (compare Figure 5.148. b, with
Figure 5.149. a and b).

FIGURE 5.148. Alersa aview/s ExL. Manlle, Mantle Margin and secrelions

a. LM x 770 AB/MSB. External Manlle, secretion of unicellular
Glands.

b. LM. x 770  AB/MSB Pallial Region, Formation of Innwer

Nacreous Layer Organic Matrices from unicellular gland seeretions.
c. LM x 230 Sleedman's. MedFl.. Ancillary F1., Apical Groove F1F2

and LalF2..
d. LM, x 1200 Steedman’s. Groove F1.AncillaryF1..
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D.9.17. PTERH AVICULA
5.5.172.  Exlernal Mantle - Secrelion of Pallial Nacreous Organic
Malrices.

Mantle Margin - Secretion of Prismalic Layer.

With Azan, lhe joined secrelions of lhe Trabecular Turquoise
Glands (which are refraclory lo this stain) and the Granular Cyloplasm
Secretory Glands (most of which stain from Magenta to various shades of
red and purple with Lhis stain), (it and ge respeclively in Figure 5.149. a
and b), stain Lhe distinctive blue purple colour of Nacreous Organic
Matrix. (nom in Figure 5.149. & and b).

Belween Lhe Pleated Secretion of Groove FIF2. (PS in Figure 5.149.
¢) and lhe Proximal LalF2. (PLFZ2. in Figure 5.149. ¢) lhe malerjal
secreted by this region can be seen forming into an Organic Malrix (PLOM
in Figure 5.149. d) indistinguishable in structure and staining affinities
from the material forming the proximal end of a Growlh Scale belween

laminae of Nacreous layer in tlagmomon epfypprum decaleified shell
(Figure 5.152. b and c).

FIGURE 5.149. Alerva aviewds -Exlernal Mantle - Seerelion of Nacreous
Organic Malrices; Manlle Margin - Secretion of Prismatic
Layer Organic Matrices.

a. LM. x 770 Azan. Pallial Region - Formation of Nacreous
Organic Malrices.
b LM x 1200 Azan As for a above al higher magnification.

e, LM x 120 Mallory's Groove FIF2. Plealed Secrelion and
Vesiculale Secrelion.

d. LM x 1200 Mallory's. Organization of Vesiculale Secrelion inlo
Prismalic Layer Organic Matrices.
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5.5.18. LSOENOMON ASOCNOHON.
5.5.18.1. External Mantle - Outer Nacreous layer formalion.
Mantle Margin - Inner Nacreous Layer Formalion.

In Figure 5.150. L is laleral and M is medial.

With AB./MSB. lhe lurquoise coloured secretions of (he
Trabecular Turquoise Glands and the red-purple secretions of Lhe
Granular Cyloplasm Secrelory Glands (WL and ge respectively in Figure
5.150. b, ¢ and d) of both the External Mantle (Figure 5.150. b and d) and
the FI. and Aneillary F1. of the Mantle Margin (Figure 5.150. b and c)
produce the blue-turquoise forming Inner and Outer Nacreous Organic
Malrices respeclively (inom and onom respeclively in Figure 5.150. b. ¢
and d). Primitive eyes in this species occur on lateral terminal Ancillary
F1. (1 in Figure 5.150. a). The Plealed Secretion of Groove FIFZ. divides
Lhe secreted material of F1. and Ancillary F1. laleral Lo it (F1. and AF1. in
Figure 5.150. a and b) from thal of F2. and LalF}. medial lo il (F2. and
LF3. in Figure 5.150. a and b).

FIGURE 5.150. Jamemen ssasnomon - LM. Nacreous layer Organic
Matrices
secretion by Exlernal Mantle and Mantle Margin F1..

a. LM. x 150. AB/MSB. Folds F1., Ancillary F1., F2. and F3..

b. LM x 77. AB/NSB.

e. LM. x 1200 AB./MSB LatFl and Formation of Outer Nacreous
Layer Organic Malrices.

d. LM. x 1200 AB/MSB. Proximal Pallial Mantle - Formation of
Inner Nacreous Layer Organie Matrices.
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0.0.19. LSUCKOWON EFHIPFILH
9.5.19.1. Inner and Quter Nacreous Layers - Medial Surfaces.

The Medial Surface of the Proximal Venlral Pallial Nacre displays a
pallern of edges of Nacre Sheels of numerous anaslomoses and shorl
discontinuous edges with tight bends (Figure 5.151. a). The partly-bound
and [free Nacre Tiles extend over aboul hall lhe distance belween
successive Nacre Sheels and tend Lo regular hexagons (Figure 5.151. b).

The Edges of the Nacre Sheels of Lhe Inner Nacreous Layer at the
Venlral Distal Pallial Region have a pallern lending lo straight parallel
lines with few anaslomoses, (Figure 5.151. ¢). Here also the Inner
Nacreous Layer Parlly-bound and Free Nacre Tiles lend lo regular
Hexagons and extend for aboul half the dislance belween successive
Nacre Sheets (Figure 5.151. d),

The Partly-bound and Free Nacre Tiles of Lhe Ouler Nacreous
Layer near Lhe Nacreo-prismalic Junclion commonly have a Lruncaled
diamond shape with Lhe long axis of the Nacre Tiles normal to both the

edge of Lhe adjacent Nacre Sheel and Lhe Nacreo-prismatic Junction (pb
in Figure 5.151. e and f).

FIGURE 5.151. /tsagnomen epijpprumy - Inner and Ouler Nacreopus

Layers,

a SEM. x 98 Inner Nacreous Layer - Proximal Pallial Nacre.

b. S.EM. x 3100  As for a above al higher magnificalion.

e. SEM x 98 Inner Nacreous Layer Distal Pallial Nacre.

d. S.EM. x 1700  As for ¢ above al higher magnification.

e. SEM. x 820 Ouler Nacreous Layer jusl proximal Lo Nacreo-
prismalic Junclion.

I SEM x 3300 As for e above al higher magnification.
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0.0.19. SUGNCHON EPHIFFIGH
2.0.19.2. Decaleified Shell Layers.

The Organic Matrices residual in decalcified Nacreous Layers slain
blue with a brown-purple linge with Mallorys (nom in Figure 5.152. a, b
and ¢).

The proximal ends of the Prismalic Layer Growlh Scales lie
between laminae of Nacreous Layer (pgs in Figure 5.152 a, b and ¢). The
microstruclure and slaining affinilies (pgs in Figure 5.152. ¢) closely
approximale the maluring secrelions of Proximal LalF2. seen in Alerzs
avicads (Figure 5.149. ¢ and d)

The Prismatic layer Organic Malrices residual following acid
decalcification show Major Prisms with Transverse Paralle] Side Walls (mp
and Lp respeclively in Figure 5.152. d). The Major Prisms have Ouler
Prismatic End Plates, Inner Laleral Structure and Inner Prismalic End
Plates (opep. ILS and ipep in Figure 5.152. d).

FIGURE 5.152. faanomen epbippivm - LM. Decalcified shell Prismalic
Layer and Nacreous Layers - Radial Seclion,
LM x 31. Mallory's. Nacre and Prismalic Layer.
b. LM x 120. Mallory’s. Nacre and proximal parl of Prismatic
Layer Growth Scale.
LM, x 770. Mallory's. As for b above al higher magnificalion.
LM. x 770. Mallory's. Prismatic Layer.






114
5.5.19. LSUCNOMON EFIHIPPIUH
5.5.19.3. External mantle and Mantle Margin.

With AB./MSB. the Trabecular Turquoise Glands and Granular
Cyloplasm Secretory Glands of the External Mantle (tt and ge respectively
in Figure 5.153. a). produce a lurquoise slaining Nacreous Organic Malrix
(nom in Figure 5.153. a).

The Mantle Edge Gland (meg in Figure 5.153, b) somewhal unusual
in thal there are subepithelial Trabecular Turquoise Glands which secrete
through it (it in Figure 5.153. b) and Lhe elongale columnar epithelial
cells of Lhe Gland bear basal pigment granules, (pg in Figure 5.153. b and
c).

The Mantle Margin has F1. and Ancillary F1. Folds (F1. and AF1 in
Figure 5153. ¢ and d) laleral to Lhe Groove which bears the Pleated
Secrelion of Groove FIF2., (PS in Figure 5.153. ¢ and d). Medial Lo Groove
FIF2. are Folds F2. and F3. (F2 and F3 respectively in Figure 5.153. ¢ and
d).

The subepithelia beneath both the MedF1. and Laleral Ancillary F1.
(MF1 and AF1. in Figure 5.153. ¢ and d), bears a heavy concentration of
both the Exlernal Mantle - F1. Lype of Trabecular Turquoise Gland and
Granular Cyloplasm Secrelory Glands (L1 and ge in Figure 5.153. ¢ and
d).

The Pleated Seeretion of Groove FIF2, rises in the Apical Channel
between Lhe Omega Gland laterally (o in Figure 5.153. ¢ and d) and
Dactyloeyles medially,

The subepithelial Glands of Proximal LatF2. (pLF2. in Figure 5.153.
¢) discharge beneath the Plealed Secretion of Groove FIF2. via Receplacle
Glands.

There is a dense population of the F2. F3. type of Trabecular
Turquoise Cland just beneath the surface epithelium of MedF2. and LatF3.
(L2 in Figure 5153 ¢). The surface epithelium of MedF2. and LatF3. is a
columnar epithelium the eyloplasm of whose cells slain dark amber
brown with Mallorys (MF2, LF3. respectively in Figure 5.153 d).
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FIGURE 5.153. Jaznempon eptypprvm - LM. External Mantle and Mantle
Margin.

g

LM. x 1200. AB./M.SB. Pallial Region.

b LM. x 1200. AB/MSB. Mantle Edge Gland.
e. LM x 120 AB/MSB. Mantle Margin

d LM x 77 Mallory's. Manlle Margin.
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5.5.20. MHLLEVS ALEY.
9.5.20.1, Fxlernal mantle and Manlle Margin.

With A.B./M.S.R. the fused secretions of the Trabecular Turquoise
Glands and the Cranular Cyloplasm Secretory Glands of Lhe Exlernal
Mantle (tt and ge respectively in Figure 5.154. a) form a blue-turquoise
slaining Inner Nacreous Layer Organic Malrix zz(inom in Figure 5.154. a).

This species has an unusually large number of conspicuous Ovoid
Blue Glands in Terminal F1. (ob and LF1 respectively in Figure 5.154. b).
With AB./MSB. the Dislal Diffuse Glands in Lhis species stain bright
amber (dd in Figure 5.154. b).

The Pleated Secretion of Groove FIF2. (PS in Figure 5.154. b)
issues from Lhe Apical Channel.

There are type F2. F3. Trabecular Turquoise Glands and Granular
Cyloplasm Secrelory Glands which lalter stain red and amber wilh
A.B./M.S.B. in the subepithelium of F2. and LalF3. (12 and ge respectively
in Figure 5.154. b).

FIGURE 5.154. Madlevs atbe -LM. External Mantle and Mantle Margin.
a. LM. x 230. AB/MSB. External Manlle.
b. LM. x 770. AB/MSB. Mantle Margin.



Figure 5,154



119

9.6.  OSTREOIDEA.
6.6.1. LHOTISSH HYOTIS!
56.1.1. Valves,

The valves of this oysler are composed of tubular hollow prisms
whose long axes are aboul normal lo the laleral and medial surface of
Lhe valve. closed al each end by a sheel- like Shell Layer.

The walls of Lhe prisms have transverse parallel slruclures.

Thus there are al least lwo Shell Layers which alternale
throughoul the thickness of the valve.

Sinee the lateral surface of the valve is devoid of uncovered ends
of prisms. growth must proceed by Lhe laying down of a sheet like Shell
Layer Lthen Lhe construclion on Lhis of the Prismatic Shell Layer. Excepl
for (probably aberranl) small areas near lhe periphery, the Prismatic
Layer is then covered medially by a further sheel like Shell Layer. Il is
nol known whelher Lhe sheel like Shell Layers are a single lamina or are
bilaminale and lo pursue this poinl is oulside the scope of this
invesligation.

The relalionship between complexily of shell strueture and degree of
Tissue differentiation of the Mantle Margin is illustraled by the species of
Lthe Oslreoidea. The degree of Lissue differentialion medial Lo Lhe Plealed
Secretion of Groove FIF2. in Ayelissa fyolis, Saccosira Eelupala and
Saccoslrea cveenllala are Lo be compared wilh Lhal in the Aweladsand
contrasted against thal in dsirea spete.

FIGURE 5.155 Hvolissa Arolis Valves.
a. x 0.85 Medial surface - left valve.
b. x 0.85 laleral surface - Righl valve.
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Figure 5.155
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5612 The Ventral Mantle Margin.

There are lhree Marginal Manlle Folds, F1.. F2. and F3. going
latero—medially (F1, F2 and F3 in Figure 5.156. a.).

The Lat F1. is dominated by an extensive Mantle Edge Gland (meg
in Figure 5.156 a and b).

MedFl. has three regions. Dislal MedFl. Middle MedF]l. and
Proximal MedF1..

The subepithelium of Proximal MedF1. hosls a large secrelory
structure (P in Figure 5.156. a and b).

There is a well developed Omega Gland (o in Figure 5.156. b, and
Figure 5.157.), which occupies Lhe laleral aspect of Lhe apex of Groove
FIF2.. The Pleated Secrelion of Groove FIF2.. (PS in Figure 5.156. b)
issues from the Apical Channel belween the Omega Cland and a
specialised epithelium lining the opposing Proximal latF2..

A large Circum-pallial Nerve lies immedialely beneath Apical
Groove FIF2. (n in Figure 5.156 a).

The large F2. Ramis of the Circum-pallial Nerve innervales the
secretory struclures of Proximal lalF2. (f2n in Figure 5.156. b).

The MedF2 is divided inlo histologically distinel Distal and
Proximal Regions. The Proximal MedF2. subepithelium is oceupied by an
exlensive and distinclive secrelory gland (PM2 in Figure 5.156. a and
Figure 5.157.).

LatF3. is similarly divided histologically into Proximal LalF3. and
Distal LatF3..

FIGURE 5.156.  Ayolissa Hyotrs- Manlle Margin,
a. LM. x 77 Azan Mantle Margin,
b. LM x 770 Azan Proximal MedF1. and Apical Groove FI1f2..
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5.6.1.3.  Apical Groove FIF2. and Subepilhelial Secrelory Gland
of Proximal MedFZ..

The unicellular secretory glands of the glandular structure in the
Proximal medF2. (pm2 in Figure 5.157.) subepilhelium are extremely
elongale being up to 10 pm in length.

FIGURE 5. 157  Ayelissa Ayols - Apical GrooveFIF2. and Proximal
MedF2.,
LM. x 770  Azan.
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562 asTrb sp

2.62.1.  Valves and Mantle Margin.

The Upper (right) Valve of @s/rea sp. has two Shell Layers - an
outer Prismalic Layer and an inner crossed lamellar Shell Layer.

The lower (left) Valve of Lhis species has a slruclure of crossed
lamellar struelure alternaling with a different Shell layer which is
different from the outer Prismatie Layer of the upper Valve (Figure 5.158.
a).

The Mantle Margin has Lhree Marginal Mantle Folds, F1., F2. and
F3.. There is an Omega Gland (o in Figure 5.158. b) on the laleral side of
Apical Groove FIF2. medial lo which issues a Plealed Secrelion (PS in
Figure 5.158. b). Proximal lo Apical Groove FIF2 are a Circum-pallial

Nerve and a Curcum-pallial sinus (n and s respeclively in Figure 5.158.
b).

FIGURE 5.158.  Olres 52 LM Valves and Upper Mantle Margin.
a. x 1

b. LM. x 77 AB./MS.B.
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Figure 5.158
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5.6.3. SHCCOSTIES FCHINATY
9.63.1.  S.EM. of Shell layers.

The upper (right) valve of Saccasirea ectynats has bolh a surface
Prismatic Layer (pl Figure 5.159. a and b) which may be bilaminate
(Figure 5.159. a). The prisms are irregularly polygonal in eross-section
(pes Figure 5.159. b). The greater parl of the valve is composed of
Crossed Lamellar Structure (cls Figure 5.159. ¢). However Prismatic
Layers may be apparently irregulary embedded in Lhe latler,

The Lower Valve is usually cemenled Lo a surface bul again
consists of Crossed Lamellar Structure Shell Layers (cls in Figure 5.159.
d). interspersed between Prismalic layers.

FIGURE 5.159.  Szccostrea echinals. Shell Layers in the Upper and Lower
Valves.

i SEM x 350  Upper Valve

b. SEM. x 700 Upper Valve,

8. S.EM. x 2800 Upper Valve

d SEM. x 1400 Lower Valve.
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9632 The Upper Exlernal Mantle and Mantle Margin.
The upper External Mantle has a Pallial Gland distal Lo Lthe Adductor
Muscle set in dense fibrous conneclive lissue (pg in Figure 5.160. a and
b). The unicellular glands of Lhe Pallial Gland are Trabecular Turquoise
Glands and a variely of Granular Cytoplasm Secrelory Glands (g in Figure
0.160. b). The Pallial Manlle, (pm. Fig. 5.160. a and ¢) similarly has a
considerable population of Trabecular Turquoise Glands and Granular
Cyloplasm Secretory Glands which laller are generally lighter staining
Lhan these of the Pallial Gland (g in Figure 5.160. ¢).
The Mantle Margin has three Marginal mantle Folds with a Manlle Edge
Gland on LalF1., (meg in Figure 5.160. d), Ovoid Blue Glands al Terminal
F1. (obg in Figure 5.160. d), and @ dense mass of Granular Cyloplasm
Secrelory Glands in the subepithelium of MedF1. of at least two differenl
kinds - staining purple and reddish with Azan (pgs and rgs respeclively
in Figure 5.160 d).
The Apical Groove FIF2. has an Omega Gland on its laleral aspeet (o in
Figure 5.160. a). From belween this and Lhe apical surface of Proximal
LatF2. issues the Plealed Secretion of Groove F1F2. (ps in Figure 5.160 a
and d). Sub-apically is a Circum-pallial nerve and a Circum-pallial
sinus with haemocyles (cpn and cps respectively in Figure 5.160. a).
Middle lalF2. is crenular and ciliated and Dislal LatF2. is cilialed
(ml2 and dI2 in Figure 5.160. d). MedF2. has a pigmenled epithelium and
subepithelial. ~ Proximal MedF2. has a populalion of Turquoise and
Granular Cyloplasm Secrelory Glands as does Proximal lalF3. (pm2 and
pl3 respectively in Figure 5.160 d),

FIGURE 5.160.  Swceasirea echinala - LM. Upper Exlernal Manlle and
Mantle Margin.

LM x 54 Azan.

LM. x 220 Azan.

LM. x 220 Azan.

LM. x 220 Azan.

o0 oo
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5633, Lower External Manlle and Manlle Margin.

The most obvious hislological differences belween Lhe upper
Mantle Margin and Lhe Lower Margin in this species are:
L. thal the sceretory Glands of MedFl. which are again divided into
purple staining dislally and red staining proximally with Azan, (pg and rg
in Figure 5.161. b) are more prominent in the lower Mantle Margin: and
2. The array of Granular Cyloplasm Secrelory Glands in Apical Groove
F2F3. (aGF2F3 in Figure 5.161. c) is more prominent in Lhe lower Mantle
Margin, and there is a ridge of secrelory Lissue here overlying
subepithelial glands which stain yellow with Azan (v in Figure 5.161. ¢).

FIGURE 5.161.  Saccostres echinate - Lower Manle Margin.

a LM. x 77 Azan Exlernal Mantle and Mantle Margin.

b. LM. x 310 Azan Secretory Glands of MedF]..

B LM.x 310 Azan Secrelory STructures of Apieal Groove F2F3,,
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0.6.4. SACCOSTRES CUCCULLATE

5.64.1.  Upper and Lower Mantle Margins.

The lower Valve of this oyster has an anterior periphery without obvious
internal Growth Processes of Prismalic Layer, and a poslerior periphery
which rises normal to lhe allached surface with exlernal Growlh
Processes, as has Lhe upper valve.

The lower Anterior Mantle Margin (Figure 5.162. a) has a very different
array of secrelory struclures from eilher the lower posterior Mantle
Margin (Figure 5.162. b and ¢) or Lhe upper Mantle Margin (Figure 5.162.
d).

In all Mantle Margins there are three Marginal Mantle Folds (F1, F2 and
F3. in Figure 5.162. a, b, ¢ and d). The apex of Groove FIF2. in each case
has an Omega Gland (o in Figure 5.162. a. b ¢ and d). A pleated secrelion
Is in each case peneraled medial Lo Lhe Omega Gland (PS in Figure 5.162.
a, b, candd).

Ovoid Blue Glands are more extensive and extend furlher proximally in
the anlerior lower Mantle Margin than the other Manlle Margins (obg in
Figure 5.162. a. b, ¢ and d). The Granular Cyloplasm Secretory Glands of
MedF1. mostly stain pinkish-red with AB/MSB in the lower Manlle
Margin (g in Figure 5.162. a, b and ¢). bul are far more prominent
posteriorly Lhan anteriorly. In the Upper Mantle Margin Lhe equivalent
glands slain orange-red with AB./M.S.B. (¢ in Figure 5,162. d).

A gland which stains green with AB./M.S.B. forms almost a lissue beneath
MedF2. in the anlerior lower Manlle Margin (gr in Figure 5.162. a) bul is
absent or nearly so from he olher Mantle Margins

FIGURE 5.162. Saccosirea cuccullats. LM, Upper and Lower Mantle
Margins.

ax 77  AB./MSB. Anterior lower Mantle Margin.

b.x 150 AB./MSB. Poslerior lower Mantle Margin.

cx 310 AB/MSB. Posterior lower Mantle Margin.

dx 77 AB/MSB. Two pr!1pr Mantia "ﬂr:lno
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9.7.  ANOMIOIDEA.
D.9.1.  SLACUNE PLACENTA.
5.7.1.1.  Upper and Lower Mantle Margins.

Both upper and lower valves of Lhis species have a corrugated
fairly opaque ouler Shell Layer and an inner Shell Layer composed of
non-corrugated translucenl sheels.

The upper External Mantle has numerous inlra-epithelial
Trabecular Turquoise Glands (1T in Figure 5.163. c).

On both Upper and Lower Mantle Margins Lhere are lhree Mantle
Margin Folds (F1. F2 and F3 in Figure 5.163. a, b, ¢ and d).

F2. is trilobale on bolh the Upper and Lower Mantle Margins (11, 12
and 13 in Figure 5.163. a and ¢),

The ouler lwo lobes of both Upper and Lower Mantle Margins are
lined by secretory epithelia (e in Figure 5.163. ¢).

The medial lobe of the upper Manlle Margin is lined by squamous
epithelium and relalively acellular (13 in Figure 5.163. b),

An Omega Cland al Apical Groove FI1F2. generales a Plealed
Secretion of Groove F1F2. (0 and P respeclively of Figure 5.163. ¢).

The LalF3. surface epilhelium (e in Figure 5.163. d) appears in
radial section to be raised inlo Lufls aboul 5 cells across wilh prominent
basal nuclei and clear apical cyloplasm (with Azan).

Despile very differenl shells, Lhe histologies of the Exlernal Mantles and
Mantle Margins of Pacuna placents, Spondylus lamarcdr and Amusivm

plevroneciesare remarkably similar and very different from hose of the
oyslers and pearl oyslers.

FIGURE 5.163.  Alacuna placenta - Upper and Lower Mantle Margins.

a. LM. x 77 Azan Lower Veniral Mantle Margin, Radial Seclion

b. LM. x 77  Azan Upper Venlral Mantle Margin, Radial Section.
LM. x 310 Azan Upper Ventral Mantle Margin F1. and F2..

d. LM. x 310 Azan Unner Ventral Mantle Margin IalFR
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5.8.  PECTINOIDEA.

0.8.1  SFONDILUS LAWARCAT

5.82.  AWUSIY FLEURONECTES.

58.1.1. - 5.82.1. Upper and Lower Mantle Margins.

The Upper and lLower Mantle Margins of the above species are
sufficiently similar for them lo be described logelher. The major
difference between the Mantle Margin of the two species is Lthe
comparatively large size of F3. in Amusrwm pleuranectes

There are three Marginal Mantle Folds on bolh the upper and
lower Mantle Margins called F1., F2. and F3. from laleral Lo medial (F1, F2
and I3 in Figure 5,164. a. b. ¢, d. e and 1),

Both upper and lower LalF1. have a Manlle Edge Gland of
columnar epithelium (m in Figure 5.164. &, b, ¢, ¢ and ),

On both LalF1. and MedF1. Lhere are populations of Trabecular
Turquoise Glands. They are subepithelial on LalF1. and intraepithelial on
MedF1. (TT in Figure 5.164. d).

Apical Groove FIFZ. on bolh mantles has a lalerally placed tufl of
secrelory epilhelium - an Omega Gland (o in Figure 5.164. a, b, ¢, d, e
and f) - which generates a secretion which stains lurquoise with
AB/MSE _

F2. bears an array of semsory slructures including eyes (e in
Figure 5.164. b and e) and is usually multilobate. There is a pronounced
secrelory epilthelium in Apical Groove F2F3. (s in Figure 5.164. a and f).

There is a lufted secrelory epithelium on LatF3. (L in Figure 5.164.
a and ¢ which stains turquoise with AB./M.8B.).

The Circum-pallial Nerve (n in Figure 5.164. a) is nol immedialely
physically related Lo Apical Groove FIF2..
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FIGURE 5.164.  Spandlus Jamarcks and Amusium plevronectes,
Mantle Margins,
LM. x 40 Mallorys  Spomdviius Jamearckr \Upper Mantle Margin.
LM. x 40 AB/MSB. Spandylus tamarcki Upper Mantle Margin.
LM x 40 AB./MSB. Spondylus lumarcts Lower Manlle Margin.
LM. x 310 Mallorys  Spond)ius /emarcd7 Upper Mantle Margin
Apical Groove F1.,

LM x 40 AB/MSB. Amusivm preuronecies Upper Manlle,
LM. x 40 MSB. Amusium pleuronectes Lower Mantle.

2ol TR - o
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9.9, LIMOPSOIDEA,

0.0.1.  MELAXIVALA VITHEA
59.1.1,  External Mantle and Proximal parl of Manlle Margin.

The Pallial Manlle is almosl enlirely composed of the Beeswax
Glands (b in Figure 5.165. a). These constitute a glandular tissue of
Granular Cyloplasm Secrelory Glands of al least four species (labelled 1,
2,3 and 4 in Figure 5.165 a).

Opposed lo Lhe Beeswax Glands across the Pallial Space (ps in
Figure 5.165 a) is the Inner Shell Layer, the decalcified Organic Matrix of
which is shown in Figure 5.165. (isl)

Outside the Inner Shell Layer is the Outer Calcarous Shell Layer
(os] in Figure 5.165. b, ¢ and d) which is produced by the secrelory
structures of LalFl.. proximal to the Mantle Edge Gland (m in Figure
5.166. a and b). These consisl of al leasl Uhree differenl species of
Granular Cyloplasm Secretory Gland marked 1. 2 and 3 in Figure 5.165,
¢) and Trabecular Turquoise Glands (L in Figure 5.165 d).

The Secretory Glands (S in Figure 5.165. ¢) where with Mallorys
they stain predominantly amber bul also red and purple are medial lo
the glands which produce the middle lamina of the trilaminale ouler
non-calcareous Shell layer (q.v. rg in Figure 5.166. a and b). and thus
may be Lhe souree of Lhe Quter Lamina of the outer Shell Laver bul this

15 uncertain as the outer lamina is refraclory Lo slaining and difficult to
seclion in silu.

FIGURE 5.165. #elringes witrea 1M, External Mantle and
Mantle Margin.

a. LM. x Mallorys Pallial Mantle.

b. LM x Mallorys Mantle Margin.

e, Ll 3 Mallorys Proximal parl of Extra-pallial Region
d. LM. x AB./MSB. Proximal parl of Extra-pallial Region,
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D01 MELAKINAES VITHREA
99.1.2.  Mantle Edge Gland and Folds F1F2..

The Mantle Edge Gland (i in Figure 5.166. a and b) in Lhis species
is relatively much reduced consisling of a radially restricted area of
clongale columnar epithelial cells. Immedialely distal Lo Lhis is a deep
noleh (n in Figure 5.166. a and b) into which numerous subepilhelial
Trabecular Turquoise Glands secrete (Ll in Figure 5.166. b).

This secrelion may he part of Lhe origin of the laminae which
slain magenta with Mallorys associaled with the Outer Shell Layer (I in
Figure 5.165. a and ¢ Figure 5.166. a).

The epithelium of Lhe Distal LatF1. beyond the nolch is pigmented
(p in Figure 5.165. b) and Lhe subepithelium appears devoid of Trabecular
Turquoise glands and has whal appears Lo be only one Lype of Granular
Cytoplasm Secrelory Gland, (g in Figure 5.166. a and b)

Whal appear Lo be primitive lighl sensory organs are localed on
terminal F1. (e in Fizure 5.166. b).

On the lateral surface of Apical FIF2. is Lhe Omega Gland (o in
Figure 5.166. a and b) which elaborales Lhe inner layer of Lhe outer non-
caleerous Shell Layer (il in Figure 5.166. a and b). On Proximal LatF2.
are Receplacle Glands which stain amber with Mallorys and yellow wilh
A.B./M.3B. (rg in Figure 5.166. a and b) and Lheir associated subepithelial
Glands. They appear Lo be the origin of the middle lamina of the Ouler
non-calcareous Shell Layer (ml in Figure 5.166. a and b).

The overall pallerns in Exlernal Manlle and Mantle Margin lissue
differentialion in Limopsoidea and Arcoidea are very similar throughoul
these groups and, despile Lhe facl thal their Shell Layer assemblages are
radically differenl, also very similar lo Lhal seen in Lhe oysters and pearl
oysters They bear very lillle resemblance to those members of Lhe
Helerodonla which have similar Shell layers,

FIGURE 5.166.  Medavimew vitrea Mantle Edge Gland and Folds F1F2..

a. LM x 150 Mallorys

¥ L R
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5.10.  ARCOIDEA.
DAL ANALARE AVTIOLUTH
510.1.1. External Mantle and Mantle Margin of Azadiars antiguala.

In tangenlial section the Exlernal Mantle of Lhis species 1s raised
into ridges (r in Figure 5.167 &) of lissue whose periodicity roughly
corresponds with that of the Muting of the Valve The External Mantle
epithelium bears Beeswax Clands (b in Figure 5.167. a)

Distal to the Pallial Line. the sequence of lissues and Glands is
shown in Figure 5.167. b, - on lhe medial surface of Lhe Extrapallial
Space (eps in Figure 5167, b) is Lhe Proximal LalFl. the columnar
epithelium of the Mantle Edge Gland. and a noteh wilh subepithelial
Secretory Glands (pll, meg, n and s respectively in Figure 5.167 b).
Terminal F1. is nolched and is in parl, the source of the Inner Lamina (il
In Figure 5.167. b and ¢) of the trilaminale ouler non-calcareous Shell
Layer. The Middle Lamina (ml in Figure 5.167. b and ¢) is produced by
secrelory structures on LalF2. The Ouler Lamina which is difficult Lo

seclion and refraclory lo staining is necessarily produced by secrelory
structures medial to 2.

510.2. ANLLURY FULLA
5.10.2.1. Exlernal Manlle and Mantle Margin of dpadara pille
The Exlernal Mantle of this species has a prominent Beeswax
Gland (Figure 5.167. d). There are al leasl Lhree differenl unicellular
glands constituting the Beeswax Gland. (1.2 and 3 in Figure 5167 d).
The lissues. glands and secrelions of the Manile Margin of Lhis
species are Lhe same as in Apacira anliguateand in Figure 51687 e are
similarly labelled as for Lhal species
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FIGURE 5.167  External Mantle and Mantle Margins of Awadiara antiguats
and Anadara piluls.
LM. x 77 Azan  Tangenlial section of External Mantle
of A animuats
b, LM x 31 MSB. Manlle Margin of 4 anliguata
e. LM. x 230 MSB.  Inner and Middle lamina of ouler non-
caleareous Shell Layer of 4 andmguala,
d. LM x 310 Azan  Amadara pifvla. Beeswax Glands.
. LM x 77 Mallorys Amactars pitua. Mantle Margin.

£



b x31

¢ x230

d x310

e x77

Figure 5.167
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SN0.3. ARG AL
510.3.1.  External Mantle and Mantle Margin.

The External Mantle of drea abdidip has a Beeswax Gland (b in
Figure 5.168 a and b) with al least three species of unicellular secretory
gland (1, 2 and 3 in Figure 5.168. a). The Beeswax Gland is the medial
lining of Lhe Pallial Space (ps in Figure 5.168. a, b and c)

The Pallial Space is divided from the Extra-pallial Space (eps in
Figure 5.168. b. ¢ and d) by the Pallial Line Junclion (pl in Figure 5.168
b).

The medial lining of the Extrapallial Space is occuped proximally
by Proximal LalF1. (pL! in Figure 5.168. b. ¢ and d) with its distinctively
staming subepithelial Glands and distally by the highly differentiated
elongale columnar cells of Lhe Manlle Edge Gland (meg in Figure 5.168. b
and d). Terminal Fl. is host lo a specialised Unicellular Granular
Cyloplasm Secrelory Gland and also Ovoid Blue Glands (L and ob in Figure
5.168. d and e).

MedFl. hosls elongale glands which stain orange-brown with
M.3.B. (mfl in Figure 5.168. ¢). The Omega Gland is on the laleral side of
Apical Groove FIF2. (o in Figure 5.168. b and e} which secreles the Inner
Lamina of Lhe trilaminate ouler non-calcareous Shell Layer (blue
staining with Azan) (il in Figure 5.168. b and e),

The Receplacle Glands (r in Figure 5.168. b and e) are on Proximal
LalF2. and secrele the middle lamina of Lhe Lrilaminate ouler non-
caleareous Shell layer - red staining with Azan (ml in Figure 5.168. b
and e).

FIGURE 5.168.  drea adaddin- External Mantle and Mantle Margin.

a, LM. x 310 Mallory's External Mantle. Beeswax Glands.
b LM x 77 Azan  External Mantle and Mantle Margin.
« LN, x 310 Mallory’s Pallial Line Junction and Proximal Lal F1

d LM.-x 310 MSB. Mantle Bdge Gland and Glands of Terminal Fl
e LM x 150 MSB  MedFl and LalF2
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DA0A LUREATIVH AW FCOALEMTASTE N
5.10.4.1.  Exlernal Manlle and Mantle Margin.

The External Mantle of Lhis species bears Beeswax Glands (b in
Figure 5.169 a) forming the medial surface of Lhe Pallial Space (ps in
Figure 5.169. a). The Mantle Margin has three folds F1.. F2. and F3. from
lateral to medial (F1. F2 and F3 respectively in Figure 5.169. b and d).

LatFl. 1s relalively elongate and Lhe Mantle Edge Gland (meg in
Figure 5.169. b. ¢ and d) is situaled lowards the middle of it. There is
thus an unusually extensive Terminal Epithelium (L in Figure 5169 d)
Some parls of Lhe Manlle Edge Gland subepithelium are devoid of glands
which are abundanl in other parts (g in Figure 5.169. ¢ and d).

Ovoid Blue Glands (ob in Figure 5.169. d) oceur in terminal F1..

The lateral side of Apical Groove FIF2. bears an Omega Gland
which generates Lhe Inner Lamina (il in Figure 5.169. b and d) of Lhe
ouler Lrilaminale non-calcareous Shell Layer. This slains blue with Azan
The Middle Lamina of the outer Shell Layer, which stains red with Azan,
(ml in Figure 5.169. b and d), is largely secreled by Lhe Receplacle Glands
(r in Figure 5.169. b and d) of Proximal LalF2. These recieve the
secrelions of the underlying Granular Cyloplasm Secretory Glands). (s in
Figure 5.169. d)

LalF3. (IF3. in Figure 5.189. d) has conspicuous secrelory glands in
the subepithelium.

FIGURE 5.169.  Barbalum amypdalumlostum - External Mantle and
Mantle Margin

i LM. % 230 Mallorys. Beeswax Clands of the Pallial Region
b. LM. x 46  MSB  Mantle Margin
¢ LM x 310 Azan.  Mantle Edge Gland,

d LM x 150 Azan. Mantle Margin Folds F1.. F2 and F9..
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9.10.5. MESOCTEOTH LUANA.
5.105.1. Exlernal Mantle and Manlle Margin.

The External Mantle has Beeswax Glands on Lhe medial surface of
the Pallial Space (b and ps in Figure 5.170. a and b).

The Mantle and Valve are joined al Lhe Pallial Line (pl in Figure
5.170. b).

The Extra-pallial Space (eps in Figure 5.170) is bounded medially.
from proximal lo distal. by the Proximal LalFl.. the Manlle Edge Gland
and Terminal Epithelium (pLl. meg and t respectively in Figure 5.170. b
and ¢),

MedF1. (mF1 in Figure 5170. b and d) is deeply folded. has

columnar surface epithelium. and subepilhelial secretory glands (sg in
Figure 5.170. b and d).

The Omega Gland (o in Figure 5.170. d) is on Lhe laleral side of
Apical Groove FIF2. There are Receptacle Glands and their associated
subepithelial Secrelory Glands in the Proximal LatF2, Region (r and s
respeclively in Figure 5.170. d). The laller are of al leasl two species
staining amber and magenla wilh Mallorys.

LalF3. has subepithelial secretory glands (IF3. in Figure 5.170. d).

FIGURE 5170, Mesocrbola fuana Exlernal Mantle and Mantle Margin
A LM x 310 Mallorys External Manlle.

b. LM. x 77 Mallorys Manlle Margins

c. LM, x 310 MSB.  Manlle Edge Gland.

d LM. x 150  Mallorys MedF1.. Apical Groove FIF2. and LalF3
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0.10.6. JHSAAS TORTUO,

2.106.1. Manlle Margin.

Distal to the junclion of Manlle and Valve al the Pallial Line the
Extra-pallial Space (eps in Figure 5.171. a. b and c) is bordered medially
by the Proximal LalFl. the Manlle Edge Gland and the Terminal
Epithelium. (pLl, meg and L respeclively in Figure 5.171. a. b and c).
Proximal LatFl. has a dense populalion of subepithelial secrelory glands.

The elongale columnar epithelium of Lhe Mantle Edge Gland (meg
in Figure 5.171, b), overlies a subepithelium which also hosts a number of
secretory glands (sg in Figure 5.171. b).

MedF1. is divided into Distal MedF1. (dmfl in Figure 5.171a and c)
and Proximal MedF1. by a deep nolch (n in Figure 5.171 a and ¢). The
nolch divides a subepilhelium with numberous large Granular Cyloplasm
Secretory Glands distally {g i Figure 5.171. ¢) from one proximally.
which is devoid of these glands.

The Omega Gland on the lateral side of Apical Groove FIF2. (o in
Figure 5.171. d), is the source of a secrelion which stains blue with Azan.

The medial surface of Apical Groove FIF2. is occupied by a very
Lhin longue of Lissue (L in Figure 5171 d)

The entire LalF2. is occuped by a unique structure which
conslitutes aboul hall Lhe volume of F2. and slains yellow with Azan (IF2
in Figure 5.171. d). Within this lissue are two lypes of unicellular
secretory aland. Proximally they stain bright purple with Azan and more
distally blue with this stain, (p and b respectively in Figure 5.171. d)

FIGURE 5171 Friswdlos forfwose - IM External Mantle and Manlle
Margin.

a. LM, x 31 Azan  Manlle Margin

b. LM. x 310 Azan  Mantle Edge Gland

@ LM, x 310 Azan  Terminal Lal FI. and MedF1..

i, LMLX DIV AZAN APICHL GPOOVE P IPS, BN PTOXIMAL LaLrL.,
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511 TELLINOIDEA

a1l Phvlleds fotaces.
0.11.2. Telina sp

Bolh Lhese species have a single Marginal Mantle Groove (g in
Figure 5.172. a. b. ¢ and d) and a junction of Exlernal Mantle Lo Lhe
medial surface of Lhe Valve al the Pallial Line (j in Figure 5.172. a). The
outer non-calcareous Shell Layer which stains amber with Mallorys, pink
wilth Steedmans, red with Azan and brighl yellow with AB./M.SB. (ol in
Figure 5.172. a. b, ¢ and d) is generaged al the apex of Lhe single
Marginal Manlle Groove (a in Figure 5.172. b. ¢ and d).

Two physically different secretions which slain similarly with the
slains used originale in MedF1 and the distal parl of LalF1. (Lhe first),
and the proximal part of LalF1. (Lhe second). Hoth Lhese species have a
Proximal LatF1. which consists of two large distinclive outfoldings which
parallel the Manlle periphery, (PLF1. in Figure 5.172. a. b. ¢ and d).

In the Tellinoidea. where the Outer Shell Layer is generaled in Groove
FIF2. the medial surface of Fold F2. is histologically simple and Lhere is
no FoldF3. . The variely of External Mantle and Mantle Margin tissue
differentialion and its relalionship lo sile of origin and complexily of
Shell layer assemblages exhibited by Lhe various species of Lthe
Helerodonla is indicaled in Figs. 5.172- 5.183.

FIGURE 5.172.  LM. Ahpllada foliaceaand Tellina sp. -
External Mantle and Mantle Margin
i LM x 46 Mallorys Manlle and Mantle Margin Zhelloda fotiacea
b LM x 150 Sleedmans Mantle Margin Ahydlods foliacea.
e LM. x 460 Azan Manlle Margin Zpdlod fodiaces.
d LM, x 230 AB/MSR Mantle Marain Zolling wn
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5.12. VENEROIDEA.
512.1. Dosinez puveniis

The External Manlle and the medial surface of Lhe Shell of Lhis
species are joined al Lhe Pallial Line Junction (j in Figure 5.173. a).
There are three Marginal Mantle Folds (F1, F2 and F3 in Figure 5.173). A
bilaminale outer non-calcareous Shell Layer issues from Groove FIF2.
and recurves around terminal F1. lo form Lhe ouler lateral layer of Lhe
shell. * Proximal LalFI. (plF1. in Figure 5173 a) is a large vacuolar
outfolding.

Distal LalFl. carries Lhe elongale columnar cells of Lhe Mantle
Edge Gland (meg in Figure 5.173). and beyond thal a less elongale
columnar epilhelium.

O Lhe Lwo laminae of the secrelion from Groove FIF2. the more
lateral in the Groove (ie.. the more medial on Lhe Shell Layer) (lg in
Figure 5.173. b and c) is produced by Lhe secretory strucutres of MedF].
including the large secretory glands (sg in Figure 5.173, a. b, ¢ and d).
The more medial in the groove (i.e.. the more laleral in the Shell Layer ),
(ms in Figure 5.173. b. ¢ and d) stains amber with Mallorys, yellow with
M.S.B. and red with Azan.

There is a dense mass of unicellular glands in Lhe proximal
subepithelium of Groove F2F3. which stain blue with Steedman’s and Azan
bul are refractory Lo staining with Mallorys or M.SB (bg in Figure 5.173.
a and d).

FIGURE 5.173. Mantle Margin of Zosyua Juvemilis
LM. x 120  Steedmans

b LM. x 460  Mallorys

¢ LM. x 460 MSB.

d LM. x 190  Azan.

g



Figure5.173
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5.12.  VENEROIDEA (Continued....)

3122 Ciree lrigons.

The Exlernal Manlle is joined Lo Lhe medial surface of Lhe Valve al
the Pallial Line Junction (j in Figure 5.174. a). There are Lhree Marginal
Mantle Folds (F1.. F2. and F3. in Figure 5174 a, b. ¢ and d). A bi-
laminate secrelion issues from Groove FIF2. and recurves around the
terminus of FoldF1. Lo form parl of Lhe ouler non-calcarcous Shell
Layer. The lateral lamina in the Groove (and therefore Lhe medial lamina
of Lhe Shell layer) is the more copious and stains blue colours with all
slains used (Is in Figure 5.174 a and b) The more medial lamina in Lhe
Groove (ms i Figure 5174, a and b), and therefore the more lateral on
Lthe Shell Layer, stains yellow with M.SB. and AB.,/M.S.B.. amber wilh
Mallorys and red with Azan.

There is a massive concentration of acid mucopolynaccharide
secrelory glands in the subepithelium of MedF2. and LatF3. (it in Figure
5.174. a and d).

FIGURE 5.174.  dree lrpeona Fxlernal Mantle and Mantle Margin,

i, LM x 38 AB/MSB External Manlle and Manlle Margin
b LM. x 120 M.SB Mantle Margin
e LM. x 460 Mallorys. Apical Groove FIFZ,

d LM x 390 AB/MSH Apieal Groove FIFZ,
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5 VENEROIDEA.
D120 Galrarium divaricalum,
5.12.4. Gafrarium Lumiaum.

In these species Lhe External Manlle is joined to the medial
surface of the valve al the Pallial Line Junclion (j in Figure 5.175.).
There are four Marginal Manlle Folds. A bilaminale secrelion issues [rom
Giroove FIF2.. The more medial lamina in the Groove, which becomes Lhe
more laleral in Lhe Shell Layer. after recurving around Terminal Fl.
stains amber with Mallory's. yellow with AB./M3SB. and red with Azan.
(ms in Figure 5.175. a. b and d). The more laleral in the Groove (and
hence more medial i Lhe Shell Layer stains purple with Mallorys and
turquoise with A.B./M.SB. (Is in Figure 5.175. a and b).

There are numerous large glands which stain turquoise with
AB/MSB. in the subepithelium benealh the second. Lhird and fourth
Marginal Mantle Folds, (LL in Figure 5.175).

FIGURE 5175

LM x 46  Mallorys Manlle Maromns Gafrarrum divaricalum.
LM. x 120 AB/M.SB. Manlle Margins Catrarivm divaricalum
LM. x 46 AB/MS.B. Mantle Margin Gafrarrum L.

LM. x 120 Azan Manlle Margin Gadrarsum Limrdum.

oo oo o

e, LM X 40 .“..U.;.H.-“:r.l.'n. ManLIe Margin GedddFar Pl (et
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9.12.5. GAFRARIUM ?SP.

This species has a junction of External Mantle and medial surface
of the valve al the pallial Line (j in Figure 5.176. a). There are whal
appear lo be four Marginal Mantle Folds. Discharging inlo the Groove
between the more laleral two apparent folds from Lhe subepithelium are
Granular Cyloplasm Secrelory Glands which appear very similar lo Lhose
on MedFl. of Gadrarium duriveatum (Figure 5.175. a, b, ¢ and d), and &
luemdum and other Veneroidea (e.g.. Josipa juveniis(Figure 5.173. a, b,
¢ and d)). Belween whal appear Lo be the second and third most laleral
Marginal Folds a sheel of secreled malerial (sm in Figure 5.176. ¢) which
slains amber wilh Mallory's. yellow wilh MSB. and red with Azan issues
and recurves around the Lermini of Lhe Marginal Mantle Folds laleral Lo il
to become the deeply folded ouler non-calcareous Shell Layer (0SL i
Figure 5.176. a, b, ¢ and d). The methed of secretion of the precursor of
the unilaminale ouler non-calcareous Shell Layer is very similar Lo Lhe
structures which have the same funclion in Gafrarum divaricatum and
& Lunrdum (Figure 5.175. a, b, ¢, d and e).

There are Lhree calcareous Shell Layers medial to the ouler non-
calcarous Shell Layer. The mosl medial of these (4SL in Figure 5.176. a.
b, ¢ and d), is coextensive with Lhe Pallial Space (ps in Figure 5.176. a, b
and ¢). The growing surfaces of the olher two Shell Layers (2SL and 3L
in Figure 5.176. a. b, ¢ and d) are enclosed in the Extra-pallial Space
(eps n Figure 5.176. a, b, ¢ and d).

FIGURE 5.176.  Catrarium sp

a. IM x 150 M.3.B. Four Shell Layers after decaleification.

b. IM x 230 Mallory's As for a above.

¢ LM x 770 Mallory's Higher magnificalion of b above.

d 1M x 230 Azan Mantle Margin and secretion of ouler Shell Layer.
e LM x 460 Azan Four Shell Layers.
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5.12.  VENEROIDEA.
0.12.6. THPES 5P

The external Mantle joins the medial surface of Lhe valve al Lhe
Pallial Line Junclion (j in Figure 5.177. a).This species has Lhree Marginal
Mantle Folds (F1. F2 and F3 in Figure 5.177, a andb) and produces a
bilaminate secreted sheel from Groove FIF2. The more medial of the two
sheels of secreled malerial in Lhe Groove FIF2. stains yellow with
AB./M.S.B. (ys in Figure 5.177 a), and the more lateral slains blue wilh
this stain, (bs in Figure 5.177 a). In this species F2. appears lo acl as a
melabolic store (F2 in Figure 5.177 a and b).

FIGURE 5 177, Zapes sp. Manlle Margin

a. LM. x46 AB./MS.B. Folds F1.. F2. and F3..

b. LM x230 AB./MS.B. Secrelory structures of Groove FIF2. and
slored melaboliles of F2..
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Figure 5.177
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5.12.  VENEROIDEA.
0.1R.7. PLACHHEN CALOFHYELUM
0.12.8. CLOBIVENUS EHORITHES:

Hlacament calophy/lum has a junclion of External Mantle Lo Lhe
medial surface of Lhe Valve al the Pallial Line (j in Figure 5.178. a).

The Mantle Margin has only two Marginal Mantle Folds, (F1. and F2
in Figure 5178, a). In his respect il resembles the /elinacea The
apical region of Groove FIF2 also closely resembles lhe Zelimacea
(Figure 5.172.). and produces a sheel of secreled material which issues
from Lhe Groove and becomes Lhe ouler non-calcified Shell Layer. Il
stains vellow with A.B./M.S.B.

In Gholeminus embrithes Lhe External Manlle joins the medial
surface of Lhe Valve al the Pallial Line Junclion {j in Figure 5.178. ¢).

There are Lhree Marginal Mantle Folds. (F1.. F2. and F3. in Figure
5177 ¢). A sheel of secreted malerial which stains yellow with
AB./M3.B. is formed in Groove FIF2.

There are Granular Cyloplasm Secrelory Glands in  Lhe
subepithelium of MedF1. (gc in Figure 5.178. ¢). Trabecular Turquoise
Glandg occur in subepithelial LatF2., LalFl., and in a Glandular Struclure
on MedF3. (Lt in Figure 5.178. c).

FIGURE 5.178. External Mantles and Mantle Margins of Aacamen
calophyiumand Globivenus embrilhes

a. LM x 120 AB/MSB. Ahcamen calophyiim - Manlle Margin,

b LM, x 1200 AB/MSB. Aacamen catoplyllum - Mantle Margin.

e, LM. x 45 AB/MS.B.  Glodivenus embrithes - Mantle Margin.
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5.13.  SOLENOIDEA.
0181, SULENV FAGIVA.
5.13.2. SULEN GRANDIS,
The Mantle Margins and Shell layers of Lhese species are very
similar under LM and will be described togelher

The mantles in Lhis Superfamily are fused. On eilher side of the
prolrusion of lissue at Lhe point of fusion are lwo folds and Lhus two
srooves. On Lhe lateral surface of Lhe more lateral of Lthese two folds is
the Mantle Edge Gland, (meg in Figure 5.179. a) so Lhis Fold can be
termed F1. (F1 in Figure 5.179. a). The apex of the Groove immediately
lateral to the protrusion abt the site of fusion. however is similar
structurally and histologically Lo Apical Groove FIF2. in olher heterodont
Superfamilies. 1f il is Lruly analagous Lo this feature it should be termed
apical Croove F1F2., (aFIF2. in Figure 5,179, b), and Lhe Fold lateral to il
would Lthen be Ancillary Fold F1.. (AF1 in Figure 5.179. a). This is the
terminology used here

The Outer Lamina of Lhe trilammate outer non-calcareous layer
(ol in Figure 5.179. a and ¢). is a Lhin sheel of dense malerial produced
by Apical Groove FIF2. (a FIF2. in Figure 5,179, b),

The Inner Lamina (il in Figure 5.179. a and c) is produced by
Groove F1 Ancillary F1. (2 in Figure 5179, a).  Thus necessarily the
comparatively thick middle lamina of the ouler non-caleareous Shell
Layer (ml in Figure 5179, ¢) must be produced by Med Ancillary F1..
FIGURE 5179, Swler vagmma and Seden Grandsis - Manlle Margin and
Ouler Shell Layer
a. LM x46  AB/MSB  Soks vazima - Manlle Margins,

h. LM x 1200 AB/MSB. Swden vagzne - Fusion of Mantles.
e LM x 1200 Sleedmans  Sodew Grandis - Ouler Shell Layer .
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514, CARDITOIDEA.

0.14.1. CAROITH VARIECHTA

The Exlernal Manlle is joined Lo Lhe medial surface of Lhe Valve al
Lhe Pallial Line.

The Mantle Margin has three Folds (F1., F2. and F3. in Figure
5.180. a and b).

A bilaminale sheel which becomes Lhe outer non-caleareous Shell
Layer 1s produced by Lhe Mantle Margin

A secrelion which stains blue wilh Mallory's and lurquoise with
AB./MSB. is produced in Groove FIFZ., (il in Figure 5.180. a and b). A
secreled sheel which slains amber with Mallory's and yellow with M.5.B. is
produced in Groove F2.F3., (ol in Figure 5.180. a and b),

On MedF2. and LalF3. there are subepithelial Glands which stain
yellow with A.B./MSB. (y in Figure 5.180 b)

lalF3.  has Granular  Cyloplasm Secrelory Glands in  Lhe

subepithelium which staim magenta with A.B.,/M.S.B. (ge in Figure 5.180.
b).

FIGURE 5.180  Cardita varrevala
a LM x 230 Mallorys. Mantle Margin.
b LM x 230 AB/MSB  Mantle Margin,
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Figure 5.180
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5,10 MACTROIDEA
DD MACTRA ALUREVATA

The Manlle Margin consists of Folds F1. and F2. (F1 and F2 in
Fisure 5181, a). Apical Groove FIF2 produces the outer lamina of a
bilaminate outer non-caleareous Shell layer which stains brighl yellow
wlih AB/MSB. (ol in Figure 5.181, a), amber with Mallorys and red with
Azan.

The inner lamina of Lhe bilaminale ouler shell layer stains
turquoise with AD./MS.B. and appears Lo be secreled by distal MedF)
and perhaps Terminal F1. {il in Figure 5.181 a).

The organic malrices of the outer calcareous Shell Layer are
secreled by LatFl. between Terminal F1. and Lhe Pallial Line and stain
similarly lo Lhe Inner Lamina of the outer non-calcareous Shell Layer,
{om in Figure 5.181, a).

D192, Maclra dissimils

This species has a bilaminale ouler non-caleareous Shell Layer
the ouler lamina of which is secreted by Groove FIF2, (FIF2 in Figure
5.181. b). and stains red with Azan (ol Figure 5.181, b), yellow with M.S.B.
and AB/MSB  The inner lamina of lhe ouler non-caleareous Shell
Layer stains blue wilh Azan and appears lo be secreted by LalFl. (il
Figure 5181, b)

FIGURE 5.181, Mactra obese and dactra dissimilis - External Manlles,

Mantle Margins and decaleified Shell Layers.
i LM. x 46 AB/MSB.  Mecira odesa
b LM x 46 Azan  daelra dissimilis
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Figure 5,181
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.16, CORBICULOIDEA.

0.16.1. GELONS COLEANS
In Figure 5.182. L is laleral and M medial.

The bilaminale outer non-calcareous Shell Layer has an outer
lamina which slains pink-red with all slains used (ol in Figure 5182, a)
This lamina is produced by Lhe proximal half of Groove FIF2. originaling
at Apical Groove FIF2., (aFIF2 in Figure 5.182, b).

The distal parl of MedFl. and Terminal F1. produced the dense

inner lamina of Lhe bilaminate outer non-calcareous Shell Layer (il in
Figure 5.182, a).

The outer epithelium of LatF1. {oe in Figure 5.182, ¢). appears Lo
produce lwo differenl Lypes of organic malrix allernately (I and 2 in
Figure 5.182, ¢).

FIGURE 5.182.  Gedosna convans -Shell Layers and Mantle Margin

a. LM. x 1200 Sleedmans Ouler non-calcareous Shell Layer.
b. LM. x 1200 Sleedmans apical Groove FIF2.
B! LM x 1200 Steedmans LalF1. and organic matrices of outer

caleareous Shell Layer.
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217, GASTROCHAENOIDEA.
SNV, CASTROCHAEM CUNEIFORMIS

In Figure 5.183 Lis lateral, M, medial.

There appear Lo be four Marginal Manlle Folds in Lhis species (F1.,
F2., F3. and F4. in Figure 5183, a and d). The ouler lamina of Lhe
trilaminale ouler non-calcareous Shell Layer is produced al the apex of
the most medial Marginal Mantle Groove al 0 in Figure 5.183. a and d.
The middle lamina which slains lurquoise with AB./M3B. is secreled by
the second most medial Marginal Mantle Groove between Folds F2. and F3.
in Figure 5.183 a and d. The medial of the lhree laminae of lhe
trilaminale outer non-calcareous Shell layer is secreted by the outer
Marginal Manlle Groove (gFIF2. in Figure 5.183. a and d).

The Outer of the two calcareous Shell Layers (oc! in Figure 5.183.
b and c) is generated by the secrelory struclures of the medial lining of
the Extrapallial Space (eps in Figure 5.183, a). The inner caleareous
Shell Layer 13 generaled by Lhe Pallial Mantle (icl and pm respectively in
Figure 5.182. ¢).

FIGURE 5.183.  dastrochaens cuneitormis- L. Shell Layers. Exlernal
Mantle and Mantle Margin.

a. X 310 Mallory's. Mantle Margin and outer non-calcareous Shell
Layer secrelion.

b x 70 AB/MSB. Medial surface of Extra- pallial Space and
seeretion of ouler calcareous Shell Layer

¢ X 770 A.B./MS.B. Pallial ManLle and secretion of Inner calcareous
Shell Layer.

d. x 70  AB/SB. Manlle Margin and secrelion of Lrilaminate
ouler non-calcareous Shell Layer.
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CHAPTER 6. DISCUSSION
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AND OTHER BIVALVES,

6.1.1. Seleroproteins and Lheir Produclion in Biological Systems.
6.1.2 Scleroproteins in Bivalves
6.1.3. Seleroproleins in Bivalve Shell Layers
6.1.4. Scleroproleins in Pear| Shell la yers.
6.1.4 (a). Seleroproteins of Prismatic Layer of Pearl Shells.
6.1.4.(b). Seleroproleins of Nacreous Layers of Pearl Shells.
6.1.5. Essential Bases of Synthesis of Shell Organic Matrix Scleroproteins.
6.1.6. Shell Formation in Bivalves,
6.1.7. Shell Formation in Pear Oysters
6.1.8. Types of Morphological Relationships between Bivalves' Mantles and
Mantle Margins and Lhe Organic Malrices of Lheir Shells.
6.1.9. Shells and Mantles in the Helerodonlae.
6.1.10. Shells and Mantles in Lhe Limopsoidea and Arcoidea.
6.1.11. Shells and Manlles in the Unioneidea (reference Lo Cultured Pearl).
6.1.12. Shells and Mantles in the Nuculoidea.
6.1.13. Shells and Mantles in (he Mytiloidea.
6.1.14. Shells and Mantles in the Ostreoidea.
6.1.15. Shells and Manlles in the Anomioidea.
6.1.16 Shells and Mantles in Lhe Peclinoidea.
6.1.17. Shells and Mantles in Lhe Pinnoidea.
6.1.18. Shells and Mantles in the Pterivides
6.1.18.1. The Genera of the Plerioides Studied.
6.1.18.2. Shells of the Plerioides Studied
61183 External Mantles and Mantle Margins of the Plerioidea Studjed.
61184, The Inner Naereous Layer and the External Mantle
61185 The Ouler Nacreous Layer. Prismalic Layer and Lhe Manlle Margin.
G186 The Outer Nacreous Layer in the Plerioidea
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6.1.18.7. The Sources of the Organic Matrix Precursors of the Ouler
Nacreous Layer

6.1.18.8 The Sources of the Organic Matrix Precursors of the Prismatic
Layer.
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6.1.THE ORIGIN OF THE SHELL LAYER ORGANIC MATRICES IN PEARL OYSTERS AND
OTHER BIVALVES.

6.1.1.Scleroproteins and Lheir Production in Biological Systems.

Some of the chemical constiluenls of the Shell Layer Organic Malrices of pearl
oysters are scleroproleins and. as with other scleroproteins, are relalively very
msoluble (Waile, 1983). This insolubility is achieved by a series of chemical steps
during their synthesis which necessarily Lake place extracellularly - Lhey involve
cytoloxie inlermediaries such as aldehydes. semiquinones and activated DXyEEN
This in turn requires that the precursors of the scleroproleins be stored in
separale compartmenls e.g.. unicellular secrelory glands. Waite (1983) points oul
thal there are four compartmentalised precursors in the Tormalion of Lhe
scleroprotein fibrin, and essentially similar steps are required for Lthe formalion
of Lhe scleroproleins collagen. elaslin. keratin. resilin and silk fibroin.

6.1.2.Seleroproteins in Bivalves.

As Waite (1983) considers it likely thal Lhe formation of Lhe scleroproteins of
molluscan Shell Layers involves "quinone tanning” a very similar situation must
be required for their production. 4 model suggesting four precursors in separale
compartments for this process to produce molluscan “periostracum” and byssis
is given (Waile. 1983) Discrele unicellular secrelory glands which lake part in
the production of "periostracum” have been idenlified in Groove FIF2. in marine
bivalves' Marginal Manlle (Bubel. 1973). Thus essential morphological fealures for
production of Shell Layer Organic Malriy scleroproteins are secrelory glands
which discharge Lhe precursors inlo an extracellular reaction chamber

6.1.3.5cleroproteins and Bivalve Shell Layers.

Bivialve shells are said Lo be covered externally by a “periostracum”. (Walabe,
1984), with belween one and three caleified Shell Layers medial Lo it (Taylor,
1973). The "periostracum” is discussed i delail by Walabe, (1984) and ils
formalion in bivalves deseribed by Saleuddin and Pelit (1983) Waller (1978)
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suggests Lhal the only constant of all bivalve Mantle Margins is a “periostracum”
which is produced in Lhe “periostracal groove i.e., belween the outer two
Marginal Mantle Folds. While the accuracy of Lhis description and Lhe usefullness
of the concepl of a periostracum in pearl oysters and other bivalves will be
discussed below. for the momenl following the above aulhors. it can be defined as
a more or less non-mineralised scleroproteinaceous Shell Layer produced in

Groove FIF2. which recurves around the distal extremity of F1. and covers Lhe
lateral surface of Lhe valve

Taylor (1973) shows the shell of the Aeraces as composed of an outer calcilic

Prismalic Layer. lateral lo lwo Nacreous Layers - the Outer Nacreous Layer and
the Inner Nacreous Layer.

calcite Simple Prismatic Layer - lateral
aragonite Quler Nacreous Layer -  middle
arogonile Inner Nacreous Layer -  medial

Other Superfamiles. involved in this study and the Shell layers assigned them by
Taylor (1973). and described by Watabe (1983). wilh. where seen in this work an
ouler non-calcareous layer added, are the following:

Umoniendes

outer non-caleareous Shell Layer
aragonite Simple Prismalic Layer - lateral

aragonile Ouler Nacreous Layer -  middle
arogonite Inner Nacreous Layer - medial
Ncwlordea

aragonile Composite Prism Layer - laleral
aragonite Ouler Nacreous Layer = middle

aragonile Inner Nacreous layer - medial
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Myvlifordea
caleite Mylilid Prisms - or Lrilaminale ouler non-calcareous
Shell Layers - lateral

aragonite Outer Nacreous Layer - middle
aragonite Inner Nacreous Layer - medial
Finhotidea

caleile Prismalic Layer - lateral

aragonite Outer Nacreous Layer -  muddle
aragonite Inner Nacreous Laver - medial
Ostreondea

calcite Prismatic Layer - lateral

calcile Foliated Structure -  medial

Anamiordes and Peclinondos
calcile Folialed Structure -lateral
aragonite or caleile Crossed Lamellar Structure - medial

Limapsordea and Arcontes

Lrilaminale non-calcareous ouler layer -laleral

aragonite or caleile Crossed Lamellar Structure - middle
aragonite or caleite Complex Crossed Lamellar Structure - medial

Tellmendea and some Veperodea

unilaminale non-caleareous layer

aragonite Composile Prismalic layer -laleral
aragonile or caleite Crossed Lamellar Layer -middle

aragonite or caleile Complex Crossed Lamellar Layer - medial
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Venerordea

unilaminate non-calcareous layer

fromaragonite Composite Prismatic Layer -lateral

aragonile or calcile Crossed Lamellar Layer -middle

aragonite or caleile Complex Crossed Lamellar Layer - medial
Lo unilaminale non-caleareous layer.

aragomle Homogenous Struclure -

Corbicvionges, Gastrochaenondea Cardiloides, and Moclrondea

bilaminale non-calcarecus layer
aragonite or caleile Crossed Lamellar Struclure- laleral
aragonite or calcite Complex Crossed Lamellar Structure -  medial

In summary Lhe calcareous Shell layers of the animals used in this study
according lo Taylor (1973). are the following:

Simple Prismalic Layer, calcite.

Simple Prismalic Layer, aragonite.

Naereous Layer, aragonite.

Composile Prismalic Layer, aragonile.

Mylilid Prismalic Layer. ealcile

Folialed Structure, calcile.

Crossed Lamellar Struclure. aragonite or caleile

Complex Crossed Lamellar Struclure. aragonile or calcile.

Homogenous Structure. aragonite

To these nine calcareous Shell Layers, fuor Lhe purposes of Lhis discussion, surface
“periostracum” or non-caleareous ouler Shell Layer, (which may be eilher uni-.
bi- or Lrilaminale), musl be added

The Shell Layers of mosl inlerest in this work are Lhe Nacreous Layers and
Prismalie Layer of pearl oysters Origin. ullrastruclure and slamning affinity of Lhe
other Shell Layers in Lthe other bivalves piven above are included here only to the

extent Lhal their study sheds light on the origin of the precursors or mode of
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synthesis of Lhe pearl oyster Shell Layers.

Weiner el al., (1983), have shown Lhal Lhe process of crystallisation of the
inorganic phase of Shell Layers is controlled by Lhe Shell Organic Malrices -
including the delermination of the direclion of Lhe erystallographic axes. IL has
been shown here thal the geometric shape of Free and Partly Bound Nacre Tiles
Is almosl invariably the same al any one localily on the medial surface of any
Nacreous Layer studied. Further, the orientalion of the axes of the geometric
shapes of the Free and Parlly -bound Nacre Tiles lo the direction of the
associaled Nacre Sheel Edge is standardised al any location. This indicates a
very close conlrol over the micromorpholology of Nacreous layers by Lheir
Organic Matrices. The exactness of Lhe replication from specimen to specimen. in
any one species of bivalve of Lhe micromorphology of the different Shell Layers

indicates a similar degree of control to (hal of Nacreous Organic Malrices by Lhe
Organic Malrices of these other Shell Layers.

It is not clear from Waite (1983) (nor from any reports sighted), whelher most. or
all. of the differenl componenls of Shell Organic Malrices are thought to consist
largely of scleroproleins. In this study the Shell Organic Malrices of members of
different Superfamilies were found Lo have a wide variely of responses lo
solubilisalion by aeid hydrolysis, Never-the-less, all Shell Layers lested had
Organic Malrices which, given Lhe fineness of struclure of such fealures. were
relatively very resislant to solubilily in an acid solution and hence al least part
of their protein component can be regarded as sclerified

6.1.4 Scleroproleins and Pearl Shell Layers.

As above, (Taylor. 1973) Lhe members of the Aoy have a shell consisting of
a Prismatic layer laleral Lo an Ouler Nacreous layer and an Inner Nacreous
Layer

Acid decaleification and subsequent seclioning and slamning for lighl microscopy
revealed a viriely of different scleroprolemns in Lhe Shell Layers of pear! shells

which was augmenled by SEM study of the shells of the same species,
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6.1.4 (a). The Scleroproteins of the Prismatic Layer of Pear] Shells.
As shown in Results. Figures 5.40. 5.97-599 the acid decalcified Prismalic Layers
of Lhe shells of the members of the Alerwndea studied consisl of Lhe following
components which are held Lo be discrele scleroprotemn entities on the bases of

morphology, resistance Lo acid solubility and/or reaction lo staining procedures:

1 = Ouler Fibrous Sheath,
2 = Outer Prismalic End Plale.
3 - Inner Lateral Struelure,
4 - Transverse Parallel Side Walls.
5 - Intraprismalic Organie Malrix
6 - Inner Prismatic End Plale.
7 - Inner Fibrous Sheath
In addition,
8 - Reteform Interprismalie Organic Matrix and
9 - Linear Patlern Organic Malrix
were seen with S.EM.

Of Lhese, the Ouler Prismatic End Plale and the Inner Lateral Structure appear lo
be secreled by lissues al the same locus and where one stains aberrantly the

other invariably, in the amimals sludied here, does Lhe same. It is therefore likely
that they have at leasl some secreled precursors in commen

Similarly Intraprismatic Organic Malrix appears indistinguishable from Releform
Inter-prismatic Organic Matrix under SEM. and bolh of Lhese struclures appear
Lo be secreted al Lhe same locus as Linear Pallern Organic Malrix. As above Lhese
latter two are invariably dissolved during Lhe proceedure of acid decalcificalion
employed in this sludy and the former only survives Lhis procedure as a wispy
deformed remnanl. 1L may well be thal it 15 exaclly the same malerial as Lhe
Reteform Inter-prismatic Organic Malrix bul survives due to relalively decreased
acid strength belween Lhe caleile lablets during decaleification.
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Thus while it is considered likely that there are nmine chemically distinet
seleroproleins in the Prismatic Layer of any member of the Alerardes studied it
is possible Lhat "2" and "3" above are chemically very similar bul morphologically
distinel and that the same is true of "5", "8" and "9" above. If it only requires
two precursors Lo reacl Lo form each scleroprotein species and one precursor is
common Lo each of them, this still would require a minimum of seven discrete
secrelory enlilies to produce a pearl shell Prismatic Layer. If in facl all nine
enlities lisled above are discrele scleroproteins and if as Waile (1983) suggests.
each scleroprotein requires four different precursors and il none are used in the
synthesis of more than one scleroprolein Lhen the production of pearl shell
Prismatic Layer might require thirly six chemically diserele secreted precursors
As seen here. a lype of acidmucopolysaccharide unicellular secretory gland 1s
present in Lhe Manlle Margin of pearl oysters in every Lissue of Lall2. Med F2.
and LalF3., and unique to these localions Il would herefore appear likely Lhal
al leasl one precursor is common lto all Prigmatic Layer scleroprotemns of any
pearl oyster, (see Chapler 6.6).

1.4 (b) Scleroproleins of Lhe Nacreous Layers of Pear! Shells.

Nakahara (1991) slales thal bivalve Nacreous layers consisl of Nacre Tiles
individually enclosed by envelopes of one Organic Matrix in Nacre Sheels
separated by layers of a different Organic Malrix. IL appears more likely. (Figures
5.98, @ and 5.135. a). thal the Nacre Sheels are separated medio-lalerally by
sheels of one Organic Matrix seleroprolein, and separated from other Nacre Tiles
in the same Nacre Sheel by side walls of a different. and more easily acid-
hydrolysed scleraprolein. On bolh Nakahara's and others’ descriptions and resulls
seen in Lhis sludy il is very likely thal here is an Organic Matrix enlily within
the Nacre Tiles. The explanalion of origin of free Nacre Tiles given here (Chapler
65). suggesls thal the Organic Malrices of Lhese are idenlical to Lhose of Lhe
adjacenl Nacre Sheel so thal no dislinel intra-Nacre Tile Organic Malrix is

postulated here. On either of Lhese inlerprelalions there are considered Lo be lwo
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or Lhree different scleroproteins in a Nacreous Layer,

Since two physically different Nacreous Layers are distinguished in pear| oysters
Lthe constituenl Organic Matrices are in all probabilily also different.

Again. as with the Prismatic Layer. il appears thal there is one Lype of acid-
mucopolysaccharide secrelory gland common Lo every lissue of the Exlernal
Mantle and Mantle Margin Fold FI in every species of pearl oyster studied. Il 13
thus likely thal the Organic Matrices of the Naereous Layers of any one pearl
oysler share al leasl one chemical precursor

6.1.5 Essential Bases of Synlhesis of Shell Organic Matrix Scleroproteins.

From all Lhe above il is clear thal there are cerlain requirements for Lhe
production by Lhe External Manlle and Manlle Margin of bivalves of Lhe
scleroproteins of their Shell Layers. These are:

1.Thal the scleroprolein precursors be slored in discrele compartments,

2Thal Lhere is a suilable extracellular reaction chamber into which Lhe
precursors can be discharged.

3.There musl be a compelence Lo control Lhe discharges so that Lhe correct
sequences of evenls can occur in Lhe produclion of the seleroproleins.

4.There musl be some mechanism whereby the intricale shapes of the Shell
Organic Malrix scleroproteins can be generated,

5.There must be some mechanism whereby Lhese shapes are either buill  siw
on Lhe shell or are placed in position on Lhe shell following assembly

B.There must be either physically or physiologically closed spaces so Lhal the
precursors of the various organic malrices can be kepl discrele from each other,
or a control over Liming of seerelion, or both.
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6.1.6 Previously Published Views of Shell Formation in Bivalves.

In a review of Shell Formation. Wilbur and Saleuddin (1983) gave the following
diagrammatic representalion:-

OE

™
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Fig. 1. Radial section of the maaile edge of a bivalve 10 show the relationship between :
shelt and n N

el ‘larl-lle. (No.t 0 scale.) EPS, Extrapallial space; IE, inner epithelium; IF, inner folc

M, Onglludlnall paiiial muscle; MC, mucous cell; MF, middle fold; NC, nacregus shel! faye
OL, nuter epithelium: OF, outer folg: P, periostracum; PG, periostracal groove; PL, palliai Iir;-
M, palliol musele; PN, pallial nerve: PR, prismatic shell layer. o - )

FIGURE 6.1. Diagrammatic representation of bivalve shell formation after Wilbur
and Saleuddin, (1983), repeat of Figure 1.5.

This diagram can be crilicised as deficient in that there is no mechanism shown
for thickening the shell proximal to the Pallial Line. Further the iliustration
would be of more general use were the shell layers designated outer layer. middle
layer and inner layer (Taylor, 1972) Thus & diagram illustrating a bivalve with
three calcareous shell layers inside a “periosiracum” with a mantle-shell
junction at the Pallial Line and a peripheral adherence of forming "periosiracum”

to the outer surface of Lhe valve can be shown as follows -
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FIGURE 6.2 Diagrammatic representation of production of a Bivalve shell with an
outer non-calcareous Shell Layer. an outer Shell Layer. a middle Shell Layer. and
an Inner Shell Layer by a Bivalve with a Pallial Line junclion and three Marginal
Mantle Folds. 1 = outer non-calcareous Shell Layer; 2 = outer calcareous Shell
Layer; 3 = middle calcareous Sheil Layer; 4 = inner calcareous Shell Layer; 5 =

Pallial Space; 6 = Exira-pallial Space; 7 = External Mantle; 9 = F1.; 10 = F2. 1]
= F3.



491

Such a Mantle Margin forming a scleroprotein "periostracum” is given in Waite's
review of the quinone tanned scleroproleins in molluscs, (Waite, 1983):-

Lateral

peflicle -

mucous cell

Fig. 4. Schermatic illustratian of the cells in the mantle epithelium presumed 1o panicipate

in periostracuen formation in bivalves, Each cell type is grossly exaggerated to emphasize its
role, '

FIGURE 6.3. “Schematic llusiration” of formation of periostracum in a
periostracal groove - after Waite, (1983). repeat of Figure 1.7

6.1.7.5hell Produclion in Pearl COysters. and Tissue Differentiation of Their
External Mantle and Mantle Margin.

Nakahara and Bevelander. (1971) adopted a similar view of production of
“periostracum” in a “periostracal groove” lo explain the production of Growth
Processes in the pear] oyster Amclada radiala They atiributed secreiion of
Prismatic Layer to the secretory activity of LatFl.:-
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Fig. 16 A<D, This scrice of diagrama-topresents aur intarprotation of.the important ateps that

. occur in the {ormation af the prismatic layer ({ncluding epurs) of P, radialg'and illustrates the

relatianship botwen tho uter lold, the perlostescum and the frissis, To Sisalify the Hlustra.

| tlons,” propartidna’ of ‘the’ struotirey were, madifidd alightly. A This’ dlagram’ illustratas a

' “completed alogléEnay of Frisms 1ol:oczté’d'b_'e‘at(vZéﬁ’thijaubai;’fo‘xd'Eﬁ;l’t};je;pe;fﬁqguggg_‘ﬁ;_;;_gg}lg;;

Ing the’establishmientiof thesa prisms the mantle rotracta. P, Patioattacuim; tPf/pelim artiy ;.
0, outer fold. B, Showing new rulation of the dista] portion of the priam layer naw.enveloped
on hoth upper and lower surfaces by the. paricatracum, 0, outer fold. C. Maatle fold now. [n

_oxtendod paiitiontagaln; T Toasginal portion of newly-formed sriay) isfauveloped byithe”

** periostrizum ta Ed{fm ‘a'naw spur. The proximal partion of the erray is mﬁoonﬂnuc‘i:ﬂ_t@ﬂ?d :
'+ with "the" mantle*epithaliun” and “undergces "growth ‘similas to’ proxisial pris e previcusly”
formed. Also, prism formation ix again initistsd in the nowly farmed space between the margin
of the outer fold and the periostracum. The formation of additional spurs consiat of » Tepetitidn
of the cyclo A~¥B-+0. @.pr, growing prisms; 0, cuter fold, Pr in, initiation of prisms; Sp, apur.

a following ths formation of severs! spurs and

D, Structure of shell and mergin of the mantl _ I ,

additlonal-piiams located ‘proximally to the apurs: Theas prisma {ncfedas in height which

-reaults ine thickening of the prigmatic layer, The' periodic formationof-edditional proximal
o "~ prisms algo reqults In marginal growth ; . '

PSP 1:'..., A

FIGURE 6.4. Production of periostracum in a periostracal Groove and Prismatic

Layer by LalFl in the pearl oyster Amclads radiats - after Nakahara and
Bevelander. (1971). repeat of Figure 19
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Dix, (1972), Jabbour-Zahab et al, (1992). and Garcia Gasca et al. (1994), present a

picture of pearl shell formalion essentially in agreement with Nakahara and
Bevelander (1971).

Jabbour-Zahab et al. (1992}, suggest dividing what they call the mantle edge into
six areas with several sub~areas according to the following:-

tomer fodd

Uiddle fold

pullisl lons

Figure 2. ~ Radial scction through the maatle tige af Pinciadu
margarit{fera,

FIGURE 6.5. Radial Section of Mantle Margin of Aiclads margaritifera showing
suggested division inio tissue areas, after Jabbour-Zahab et al..(1992).

As below. many Bivalves have no equivalent to the Lhird most lateral Marginal
Mantle Fold of Aiclads marsaritifers but all do have structures analogous 1o
the two most laleral Marginal Mantle Folds. To apply the nomenclature of
Jabbour-Zahab et al. (1992) to Bivalves in general would thus result in further
confusion and ambiguity of nomenclature.

In this study in an altempt to mainlain coherence with previous schemes of
nomenclalure as well as to generale a nomenclature which was al the same time
strictly accuralely descriptive and generally applicable throughout the Bivalvia.
on anatomical. histological and morphological grounds, the following names were

given Lo a pearl oysler's External Mantle and Manlle Margin Regions and parts of
tls shell.
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. = Isthmus

2.=  Shoulder Region

3.= Pallial Gland Region
4.= Proximal Pallial Region
5.= Middle Paliial Region
6.= Distal Pallial Region
7.= Distal Folded Region

8.= Fold F1.
9= Fold F2.
10.=  Fold F3.
11. = Hinge

12.= Inner Nacreous Layer

13.=  Quter Nacreous Layer
14 = Prismatic Layer

15.=  Growth Scale

16.=  Growth Process

17.=  Major Prism

18.=  Crowth Process Prism

FIGURE 6.6. Diagrammatic representation of radial section of External Mantle and

Mantle Margin and Valve of a Pinctada. L = lateral; M = medial; P = proximal: D =
distal.

The components of a Major Prism and its lateral and medial coverings are
illustraled in Figure 6.7.
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lateral

Quter Fibrous Sheath
Quter Prismatic End Plate
Inner Lateral Structure

Parallel Transverse Prismatic Side Walls

Linear Pattern Inter-prismatic Organic

Reteform Inter-prismatic Organic Matrix @— 7

Intra-Prismatic Organic Matrix

Calcite Tablet @ 8
Inner Prismatic End Plate = 9

Inner Fibrous Sheath @
// 10

FIGURE 6.7. Expanded diagram showing the components of a Major Prism and its
lateral and medial coverings.
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The Mantle Margin was then subdivided on histological grounds into the foliowing:
1 2 3

e e N _7

AN TR WAL A

et
6 |

.= Proximal LatF1. = Proximal Mantle Edge Gland
2.= Mantle Edge Gland (Proper)
3.=  Terminal Region of LatF].
4= Distal MedF1.

5= Middle MedF1.

6.= Proximal MedF1.

7.=  Apical F1F2.

8.= Proximal LatFR.

9= Middle LatF2.

10.=  Distal LatF2.

11.= Dislal MedF2. ~

12.=  Proximal MedF2.

13.= Proximal LatF3.

14.=  Distal LatF3.

FIGURE 6.8. Histological Regions of the Manlie Margins of pear] oysters.

It will be seéen that 4. 5. 6. 7. 8. 9. and 10 of this study coincide exactly with the

medial part of 4c, and 4b. 4a. 3, 2c. 2b, and 2a respectively of Jabbour-Zahab et
al (1992).
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Considering LatF2.. Middle LatF2. Region is very similar on all members of the
Fnelade studied and unique to this genera. The surface epithelium in fixed
specimens  displays a unique plateau-semicircular infolding-plateay
conformation. The subepithelium contains Light Blue Glands - also unique to
this area and ubiquitous in this area in the Ainclada Amongsl the Light Blue
Glands are a kind of Trabecular Turquoise Cland unique to the Mantle Margin of
LatF2. and to Medf2. and Proximal Lat?3. ie. that part of the Mantle Margin
medial to the Pleated Secretion of Groove FIF2.

While the surface epithelial secretory structures and their reiationship to the
Subepithelial Glands of LatF2. in the genera Alerma fsaznomon and #alfeus have
an overall similarily to the piclure seen in the Ancfads there are fundamental
differences in the arrangement of the struclures belween the Anedadzand these
other groups. For example. in all species of the Ainclads the Proximal LaiF2
bears an epithelium with a dense mat of apical microvilli but is almost devoid of
cilia. Located in this epithelium are the Receptacle Glands of this genus. This
~situalion abruptly changes just proxima! to the traversing of the LatF2.
epithelium by the secrelory ducts of a large specizhsed type of Subepithelial
Gland Distal to this point the apical surface of the epithelial cells bears
numerous elongate cilia as well as lhe dense mat of apical microvilli. The
junclion of Proximal LatF2. and Middle LalF2. is defined herein as the line of
junction of the non-ciliated epithelium with the cilialed epithelium. as Lhe
presence of the cilia must denole a change in physiclogical function. In contrast,
the surface epithelium of Latf2. of the Zerp, Aagnomon and Halteus sludied all
bore the elongate cilia as weil as the apical microvilli for the entire LalF2 and
the Subepithelial Gland-Receptacle Gland relalionship extended over the greater
parl of the LatF2 surface.

Stmilarly Lhe relationship of Receplacle Glands to subepilthelial secretory Glands
are histologically unique Lo Proximal LatF2. in the Znededs and an equivalent
position an - the  dlreonsea. Arcordea  and Limopsordea and the Lalf2  more
sencrilly s Alerva. ognomon Halleus and Pone stodied - e, Lhose senera

whicl wnquely amongst the Bivalvin stocied have e parbicutar Lype of simple
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calcitic Prismatic Layer external to two aragonite Nacreous layers. and the
dstreordea, Arcorvea and Limapsosdea. The relationship of the Prismatic Layer of
pearl oysters to the outer Shell Layer of members of these other three
Superfamilies will be returned to later.

The secretory glands and tissues and associated musculature of the Proximal and
Medial LatF2. regions of pearl oysters {and those of the Ostreacea and Pinnacea
studied), are emmeshed in branches of the F2. Ramus of the Circum-pallial
Nerve.

Again, the surface epithelium and Subepithelial secretory structures of Distal
LatFe. are very similar in all members of the Apeclsdiz and unique to this
location as are those of Distal MedF2. Proximal MedF2.. Proximal LatF3. and
Distal LatF3.. The latter four Regions are not dislinguished by Jabbour-Zahab el
al. but instead are included in their area 1 which also includes the medial
surface of F3. This is histologically a very different lissue from any of the
secretory tissues lateral to it on the Mantle Margin. It is held in this study that it
plays no secretory part in Shell Layer formation.

Jabbour-Zahab et al. (1992), offer no explanation for the existence of any of
these highly differentiated tissues located on the Mantle Margin of pear! oysters
between Apical Groove F1F2. and the distal extremity of F3..

If the description of Lhe formation of Prismatic layer and Growth Processes of
Finclada rediala given by Nakahara and Bevelander. (1971), is accepted ie.. if
the Pleated Secretion of Groovel'1F2. is considered to be "forming periostracum”
which then recurves around Terminal F1, to form the outer ("periostracal”) layer
of the Prismatic Layer. this also necessarily excludes all the highly differentiated
secretory glands and tissues of LatF2., MedF2., and LalF3., from participation in
shell formation. This acceptance also requires that the lateral surface of the
Outer Fibrous Sheath be structurally the same as the medial Surface of the Inner
Fibrous Sheath. This is not so in any pearl oyster studied.

No tissues on the External Mantle and Manlle Margin of a pearl oyster
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more closely fit the requirements for the production of a diverse and complicated
scleroprotein structure. such as the Prismatic Layer Organic Matrix, than these
tissues and glands of LatF2..

That a population of monotonously similar elongate columnar epithelial cells such
as the cells of the Mantle Edge Gland could produce a struclure as complex as
the Prismatic Layer of a pearl oyster is lo suggest a degree of "multi-skilling”
unknown to this author in any highly differentialed tissue with a single cell type.
The Mantle Edge Gland cells resemble the cells of the Isthmusistic Epithelium,
which produce the hinge - the morphology of the constituent parts of which
reflects the monotonous similarity of the cells which secrete the precursors of
their protein rubber.

Similarly. Nakahara's (1991) description of Naere formation takes account of
neither location nor species specificity of Nacre morphology nor histological
differentiation into the specific tissues of the different regions of the peari oyster
External Mantle.

6.1.8.Types of Physical Relationships Between Bivalves' Mantles and Mantle Margins
and The Organic Matrices of Their Shells.

In determining the source of the Organic Matrix of a particular part of a shell or
similar structure, the certitude attending the designation of tissue of origin is
dependanl on Lhe exclusivity of the physical relationship between the forming
shell layer (or structure) and the tissue responsible for secretion of the
precursors of ils Organic Matrices. Thus there can be little doubt that the
Organic Matrices of the Nacreous Layer of a cultured pear] are formed from
secretions of the pearl sac epithelium. The pearl sac epithelium is formed from
pallial epithelium. Pallial epithelium underlies and is immediately adjacent lo
the Inner Nacreous Layer of the pearl shell. Similarly the accuracy with which the
surface morphology of the Isthmusistic epithelium reflects the overlying shape
and extent of the inner surface of the Hinge leaves very little doubt that this
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epithelium is involved in Hinge formation. No such certitude attends the
relationships of Shell Layers and originating tissues for the more peripheral parts
of a pearl shell and peripheral Mantle. The relationship between the various
morphologically distinet areas of Inner Nacreous Layer and the histologically
distinct areas of External Mantle immédiate}y adjacent to them will be discussed
more fully later (Chapter 6.3, 6.5).

The morphological relationships between the shells (and hence Shell Layers) and
the tissues of the Exiernal Mantle and Mantle Margin of the members of the
Bivalvia studied here are of Lhree basic types:

1Those Bivalves where the Pallial space is sealed distally by adherence of the
External Mantle and medial surface of the Valve at the Pallial Line; and whose
Extrapallial Space is sealed distally by the recurvature of a scleroprotein sheet.
(whether forming part of the Organic Matrix of calcified Shell Layer or not).
generated by the Mantle Margin. and its adherence to the shell periphery (as with
the "periostracum” of Wilbur and Saleuddin. (1983)). Figure 6.9..

‘Lateral
2 » 1
<
>
L 6 -—>

FIGURE 6.9. Diagram of shell/mantle relationships of Bivalves with the Pallial
Space sealed at the Pallial Line and an Extra-pallial Space sealed by a recurving
outer non-calcareous shell layer. 1 = recurved ouler layer; 2 = Valve: 3 = Pallial
Space; 4 = Exira-pallial Space; 5 = Externa! Mantle; 6 = Mantle Margin.
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This is the situation in all the heterodant bivalves studied as well as in the
Unionoidean /Velesumeo ambjeuus, and the #yllids.

2Where a bivalve is attached at the periphery of Shell and Mantle but not at the
Pallial Line this relationship is illustrated in Figure 6.10. :

Lateral
T 8
..2%7
J 6
5 4

FIGURE 6.10. Diagram of Shell/Mantle relationships of Bivalves with Mantle Margin
adherent to the Valve periphery but no Pallial Line junction. 1 = outer Shell
Layer; 2 = Outer Nacreous Layer; 3 = Inner Nacreous Layer; 4 = Pallial Space; 5 =
External Mantle; 6, 7and 8 = Mantle Margin Folds F1., F2. and F3. respectively.

This is the situation in the Awew/ordea

3.1n a pearl oyster the most distal point of attachment is the Adduclor Muscle
and hence neither the Pallial Space nor the Extra-pallial Space are physically
sealed as in the above cases (Figure 6.11.).

Lateral
— T .
- L “Mé
—

FIGURE 6.11. Diagram of radial section showing the shell/Mantle relationships of
the External Mantle, Mantle Margin and Valve of the pear] oysters. 1 = Valve; 2 =

Pallial "Space”; 3 = Extra-pallial "Space”; 4 = Adductor Muscle; 5 = Exlernal
Mantle; 6 = Mantle Margin.
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{The "Space” is in italics because it is not physically confined as in the other

cases).

This is also the situalion in those bivalves taxonomically close to pearl oysters -

the Ainnordea, Ostrecides, Anomiordea and Peclinordea (Waller 1978).

The examples of these three types of Mantle-shell morphological relationships
will now be considered in detail.

6.1.9.Shells and Mantles in the Heterodonta.

Species which were members of the following seven Heterodant Superfamilies

were included in this work - Z7elimoides Venerordea Solepordea, (ardiiordes,

Yaclroidea, Corbrcu/ordeaand Gastrochaenoides.

Schematic diagrams showing the relationships of the External Mantles and Mantle
Margins and some of their secretions found in these Superfamilies in this study
and the Shell Layers described for them by Taylor. (1973) are presented below.

All twelve Genera of the Heterodonta from seven different Superfamilies included
in this study had a junction of Mantle and Valve al the Pallial Line thus forming
an enclosed Pallial Space. Further all these Genera showed an outer layer which
resulled from the recurving of a scleroprolein sheet generated in a Marginal

Mantle Groove. This means thal all the above also had an enclosed Extrapallial
Space,

As can be seen in Figures 6.12 to 6.18 of the six Genera of the Superfamily
Venerordea studied one ( ¢a/rarzum) has a Mantle Margin with four Marginal
Mantle Folds and the other five have three Marginal Mantle Folds.
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VENEROIDEA.

Dostiia puvenis.

FIGURE 6.12

Circe frisona

FIGURE 6.13

Figures 6.12 and 6.13. | = outer lamina of outer non-calcareous Shell Laver 2

middle lamina of ouler non-calcareous Shell Layer 3 = inner lamina of Ouler
Non-calcareous Shell Layer. 4 = Pallial Space. 5 = Pallial Line. 6 = Exlra-pallial
Space. 7 = Fl.. 8 =F2.. 9 = Fi. 10 = Groove FIF2.. 11 = Groove F2F3.. 12 = acid

muco-polysaccharide secrelion of Groove F2F3



Gafrarium divaricatum. Gafrarium ? sp.

FIGURE 6.14 FIGURE 6.15

FIGURES 6.14 and 6.15. 1 = outer lamina of non-calcareous outer Shell Layer. 2
= medial lamina of non-calcareous outer Shell Layer (= middle lamina of
trilaminate outer Shell Layer). 4 = Pallial Space. 5 = Pallial Line. 6 = Extra-pallial
Space. 7 = Fl.. 8 = F2.. 9 = F3.. 10 = Groove F1F2.. 11 = Groove F2F3.. 12 =
Ancillary F2..

Placamen calophylium.

2
&
< 10
FIGURE 6.16.
FIGURE 6.16. 1 = outer lamina of non-calcareous outer Shell Laver. 2 = middle

lamina of non-calcareous outer Shell Layer. 3 = inner lamina of non-calcareous
outer Shell Layer. 4 = Pallial Space. 5 = Pallial Line. 6 = Extra-pallial Space, 7 =
F1.. 8 = F2.. 9 = F3.. 10 = Groove F1F2.. 11 = Groove F2F3..
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Globivenus embrithes.

FIGURE 6.17
Tapes sp.

FIGURE 6.18.

FIGURES 6.17 and 6.18. 1 = outer lamina of outer non-calcareous Shell Laver, 2
= middle lamina of outer non-calcareous Shell Layer (Globivenus Embrithes. No
inner lamina of outer non-calcareous Shell Layer observed in Tapes sp., 3 = inner
lamina of outer non-calcareous Shell Layer. 4 = Pallial Space. 5 = Pallial Line. 6
= Extra Pallial Space. 7 = Fl.. 8 = F2.. 9 = F3.. 10 = Groove F1F2.. 11 = Groove
F2F3..

In all six Genera a scleroprotein which stains amber with Mallorys, vellow
with M.5.B and A.B./M.5.B red with Azan and red with Steedmans (illustrated in
red in the Figures 6.12-6.18 above) is sythesiesed in the groove between the outer
two Marginal Mantle Folds (Groove F1F2.) and recurves around the terminal part
of Fold F1. to form part of the Outer Shell Layer. For this reason the second
most lateral Marginal Mantle Fold of Gafrarfum being medial to this scleroprotein

is here held to be Ancillary F2..
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Given this, it can Lhen be said that there is in all members of the Feperoides

studied a heavy concentration of acid-mucopolysaccharide secretory glands in
Groove F2F3.

At least in Giobrvenus embrithes these glands appear to form a lateral lamina of

the outer Shell Layer and they may also do so in the other genera.

Thus even in the Superfamily whose many varied genera best fit the standard
shell forming diagram of Wilbur and Saleuddin (1983). the name “periostracum”
may well be a misnomer and the Lateral lamina at leasl of the outer Shell Layer
may originale not in the "groove located belween the outer fold and the middle

fold” {Jabbour - Zahad et al. 1992. Waller, 1978) bul in the Groove F2F3..

With this qualification. the six genera of the superfamily /erersces have a
Mantle Margin - Shell Spatial Relationship in accord with that in Figure 6.2 above.

adapted from the schematic diagrams of Wilbur and Saleuddin. (1983) and Waite,
(1983).
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TELLINOIDEA.
Phyllods fofiaces.

FIGURE 6.19. Ahpllodls foliacea 1 = Composile Prismatic Layer (Aragonile). 2 =
Crossed Lamellar Structure (aragonite or caleite). 3 = Complex Crossed Lamellar
Layer (aragonile or calcile). 4 = Pallial Space. 5 = Pallial Line. 6 = Extra-pallial
Space. 7= F1.. 8 = F2.. 9 = Groove FIF2.

The 7Fedimacea studied have only one Marginal Mantle Groove. Proximally il
generales a sheel of scleroprolein which stains amber with Mallory’s. Yellow with
M.S.B. and AB./MS.B. and red with azan These colour reactions lo these stains
are the same as seen with one of Lhe scleroproleins generated by Lhe Mantle
margin of all the members of the Veneroidea sludied. and as wilh these lalter it
recurves around Lhe Terminal parl of Fold F1. to form the ouler layer of the
shell. I is joined on whal becomes. following recurvalure. its medial surface by
another scleroprotein which originales al least n parl from lhe medial and
terminal parls of Fold FI. and may well form parl of Lhe Orgamie Matrix of the
Composile Prismalic Layer - Lhe outermosl of Lhe Lhree calcareous layers of Lhe
lellinoidean shell (Taylor. 1972)  This has elements in common with lhe
description of the fine struclure of "periostracum" given by Saleuddin and Pelit
(1983) pages 222 - 224. The Orzanic Malrices of the middle calcareous layer of
the Tellinoidea, a Crossed Lamellar Structure. (Taylor. 1972). appear lo be
secreled by Lhe laleral surface of F1. The Inner Shell Layer Organic Malrices
(Complex Crossed Lamellar Structure). are necessarily secreled by Lhe Pallial
Mantle.



SOLENOIDEA.
Solen vaging.

s 3 v

FIGURE 6.20. Sofer vagzima | = ouler lamina of non-calcareous ouler Shell
Layer. 2 = inner lamina of bilaminate non-calcareous outer Shell Layer. 3 =
Organic Malrix of ouler calcareous Shell Layer. 4 = Exlra-pallial Space 5 =
(probably) fused F2s. 6 = (probably) Groove FIF2.. 7 = (probably) invaginalion of
Terminal F1.. 8 = Manlle Edge Gland

The Solenoidea studied, Saden vaema and 5 grandis have near idenlical
Mantles, Manlle Margins and Shell Layers. The Manlle Margins of Lhese animals
are fused in the Venlral Midline. The midline fusion may probably be properly
regarded as a fusion of lefl and righl F2s. In any case scleroprolein sheets which
slain amber with Mallorys, yellow with M5B and AB./MSB.. and red with Azan
are produced in the grooves on either side of the midline fusion and recurve
outwards Lo form the ouler layers of the valves They are underlain on the valve
surfaces by a fairly dense calcareous layer whose organic malrices are in parl
produced by a groove lateral to lhe groove which produced the outer
scleroprotein Shell Layer. From a consideration of the histologies and slaining
affinities of Lhis area of the Mantle Margin of relaled Heterodonl Bivalves, Lhis
groove is probably more properly considered an invagination of Terminal F1. than
a structure analogous to Groove FIF2.  Laleral Lo this the columnar cells of Lhe
Mantle Edge Gland of LalFl. also appear lo contribule to the Organic Malrices of
this inner Shell Layer.
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CARDITOIDEA.
Cardite variesala

FIGURE 621 Cardita varregala | = ouler lamina of non-calcified outer Shell
Layer from Groove F2F3. 2 = inner lamina of bilaminate non-calcified ouler
Shell Layer from Groove FIF2. 3 = Crossed Lamellar Struclure (aragonile or
calcite). 4 = Complex Crossed Lamellar Struclure (aragonite or caleile). 5 =
Pallial Space. 6 = Pallial Line. 7 = Exlra-pallial Space. 8=F1 9 =F2 10 = F3
11 = Groove F1F2.. 12 = Groove F2F3..

The cardiloidean Cardita varsegala has a double ouler non-caleified Shell layer, |
the outer lamina of which is a producl of Groove F2F3. Il recurves around Lhe
extremily of Fold F1. outside Lhe non-caleified layer from Groove FIF2 which
slains amber with Mallorys, yellow with M.3B and AB./M.38 and red wilh Azan
The organic malrices of the Iwo calcareous layers = Crossed Lamellar Struclure
laterally and Complex Crossed Lamellar Struclure medially - appear lo be
produced by LatFl. and the Pallial Mantle respectively
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MACTROIDEA.

Maclra abbrevials.

FIGURE 622 1 = outer lamina of non-calcareous ouler Shell Layer from Groove

FIF2.. 2 = inner lamina of bilaminale non-calcareous ouler Shell Layer from

Giroove FIF2. 3 = Crossed Lamellar Structure (aragonile or caleile) from LalF1.

4 = Complex Crossed Lamellar Structure (aragonite or caleite) from Pallial

Mantle. 5 = Pallial Space. 6 = Pallial Line. 7 = Extra-pallial Space. 8 = F|.. 9 =
F2.. 10 = Groove FIF2.

The Mactroidea appear to have a very thin seleroprolein ouler lamina of the
Non-caleareous Outer Shell Laver secreted by the only Marginal Manlle Groove.
Groove FIF2.. Inside Lhis are scleroprolein secretions which appear to form an
inner lamina of the ouler non-calcareous Shell Layer and the Organic Matrix of
the ouler calcareous Shell Layer (Crossed Lamellar Structure). The Organic
Matrices of the inner calcareous Shell Layer, being pallial, necessarily must
originale from the Pallial epithelium
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CORBICULOIDEA
Leloma coaxans.

FIGURE 6.23. Gefosng coaxans | = ouler lamina of bilaminale non-calcareous
ouler Shell Layer from Proximal Groove FIFZ2. 2 = inner lamina of non-
calcareous ouler Shell Layer from Distal MedF1. and Termimnal LalF1 3 = Pallial
Space. 4 = Pallial Line. 5 = Exlra-pallial Space. 6 = FI. 7 = F2. B = Groove
FIF2

The corbiculoidean Gedoina coavans is of interest in Lhal Lhe ouler lamina of the
trilaminate non-caleareous outer Shell Layer seen in nearly all other Helerodont
Bivalves is .missing. The outer lamina of Lthe bilaminale Non-calcareous Outer
Shell Layer recurves from Lhe single Mantle Margin Groove FIF2 and has lhe
same slaining affinities as the middle lamina of Lhe trilaminale Non - calecareous
outer Shell Layers cf other Helerodonl Bivalves. A thicker. denser, non-calcified
layer which lies inside Lhis is added at Distal MedFl. and Terminal latFl. This
laller lamina staing dark blue/green wilth Sleedmans whereas the outer lamina
stains red with this stain. Medial to this bilaminale ouler Shell Layer. the two
calcareous layers appear dislincl - the medial surface of the more laleral lining
the laleral Extra-pallial Space and Lhe medial surface of the more medial lining
Lhe laleral Pallial Space



GASTROCHAENOIDEA.
GCaslrochaend cunesorms.

FIGURE 6.24. Castrochaena cupeiformis | = lateral lamina of bilaminate non-

caleified ouler Shell Layer from Groove F2FJ. 2 = inner lamina of bilaminale
non-calcified ouler Shell Layer from Grooves FIF2.. F2F3.. 3 = Crossed Lamellar
Strucutre. 4 = Complex Crossed Lamellar Structure. 5 = Pallial Space. 6 =

Pallial Line. 7 = Exlra-pallial Space. 8 = F1.. 9 = F2 (or Ancillary F1.). 10 = F2

(or F3.). 11 = Groove FIF2. (or Groove F1 AncillaryF1). 12 = Groove F2F3. (or
Groove AncillaryF1F2)

Finally for the Heterodonla. the gastrochaenoidean Gasirochaena cunelformis
has a shell with a bilaminale ouler Non-calcarcous Shell Layer outside two
caleareous Shell Layers. The Mantle Margin has three Marginal Mantle Folds (plus
an ancillary Fold F3) A scleroprotein sheel which stains amber with Mallorys.
yellow with M3B. and AB/MS3B. and red with Azan is produced in the more
medial of the two Marginal Mantle Grooves and recurves around the termini of
Folds F2. and F1. to form Lhe outer lamina of the ouler Non-calcareous Shell
layer. Because of its similarity lo the Scleroprotein normally found emanaling
from Groove FIFZ. in Lhe helerodonta an alternalive nomenclature for Lhe
Marginal Mantle is given in Lhe legend to Figure 624 above. Another scleroprolein
sheet which stains shades of blue with all the above stains i1s produced in parl by
the medial surface of Lhe middle Marginal Mantle Fold and by Groove FIF2. and
recurves inside the scleroprotein sheet from Groove F2F3. referred Lo above so
that il forms the medial lamina of Lhe Ouler non-calcareous Shell Laver The
Crossed Lamellar Structure which forms the ouler calcareous Shell layer is

produced by the LalFl. and the inner Complex Crossed Lamellar Shell Layer by
the Pallial Mantle
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In summary, in the Helerondonla studied, with lhe possible exceplion of the

Solenoidea, the Valve and Mantle are physically attached al bolh the Pallial Line
and Lhe shell-mantle periphery.

In every species studied there is a scleroprolein which slains amber wilh
Mallory's. yellow/gold with MS.B. and AB./MS.B.. red with Azan and red wilh
Steedman’s which recurves from ils sile of synthesis in a Marginal Mantle Groove
to lie lateral Lo the calcareous layers of the valve. Where this scleroprotein forms
parl of a trilaminate ouler Non-calcareous Shell Layer il is invariably Lhe middle
lamina, and in these cases Lhe lamina laleral Lo il is invariably a thin lamina
fairly refraclory to most stains used. The medial lamina of lhese trilaminale
Non-caleareous outer Shell Layers invariably stains shades of blue with all stains
used. Where Lhis scleroprolein forms parl of a bilaminate Non-calcareous Ouler
Shell Layer it may be either the more medial of the lwo laminae. (as in Lhe
Veneroideans cafrarium divaricalum Cardila varesala or Maclra obess) or it
may be the more laleral of the two laminae as in Gelina coavans or
Gastrochaena cunedormis. 1t is usually formed in Groove F1F2. bul in some
cases is formed in Groove F2F3.. In the only inslance in the Heterodonta studied
where this scleroprolein did nol take parl in the formalion of a Lrilaminate or
bilaminate Non-calcareous Outer Shell Layer il appeared lo join wilh Lhe blue
staining secrelion secreted inside it to form the Organic Malrices of Lhe
Composite Prismatic Layer on Lhe laleral surface of the valves of the Tellinoidea.

IL thus is a misnomer lo call it "periostracum” and its sile of origin, even in the
Heterodonta is not exclusively the most Jaleral of the Marginal Mantle Grooves

As will be seen. a similarly slaining scleroprotein is formed in the Mantle Marginal
Grooves of every bivalve sludied wilh Lhe exceptions of those of the Limopsoidea,
Arcoidea, Ostreoidea and Peclinoidea. While of course many histological fealures
stain red with Azan and Steedman's, and some fewer amber with Mallory's. the
yellow/gold colour displayed by this scleroprolein secrelion afler slaining with
M.S.B. or A.B./M.S.B. is unique lo itself and the Shell Organic Malrices formed
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from il in the enlirely of lissues and decalcified Shell Organic Matrices
investipated in this work, wilth two exceptions : A similar yellow/gold colour was
displayed by glands in Lhe External Manlle of JAgememon isagnomon and on
MedF2. of the Limopsoidea and Arcoidea following staining with AB/MSB.. For
this reason lhese scleroproleins will be referred Lo as marlius yellow posilive
scleroproleins.

To highlight the part played by these scleroproteins in Shell Layer formation they
will be depicted in red in all sketches in Chapler 6.1,
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6.1.10.Shells and Mantles in the Limopsoidea and Arcoidea.

The higher order Taxonomy of the Limopsoidea and Arcoidea has been a matler
of considerable confusion. As above, Waller (1978) classifies them as close Lo the
Myliloidea and Pinnoidea in the Pleriomorphia while Taylor, (1973} suggests
that Lheir shells are derived by parl of Lhe same evolulionary Lrend which gave
rise to numerous heterodont superfamilies

The Manlle Margin of Lhese animals appears more variable in morphology than
Lhal of any other group studied bul the hislology of the secrelory structures of
the Mantle and Mantle Margin, taken sequentially from the Isthmus Lo the Medial
Surface of the Mantle is surprisingly similar through Lhe two Superfamilies and

SEYCN genera.

LIMOPSOIDEA

Wefaymmaea vitrea

FIGURE 6.25. | = ouler lamina of Lrilaminale non-calcareous ouler Shell Layer
2 = middle lamina of trilaminate non-calcareous ouler Shell Layer 3 = inner
lamina of trilammale non-calcareous ouler Shell Layer. 4 = Crossed Lamellar
Layer. 5 = Complex Crossed Lamellar Layer 6 = Pallial Space. 7 = Beesway
Glands of Exlernal Pallial Mantle. 8 = Pallial Line. 9 = Extra-pallial Space. 10 =
Fl.. 11 = F2.12 = Groove FI1F2
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ARCOIDEA.

Anadara anliguala, piiia.

12

FIGURE 6.26. 1 = ouler lamina of trilaminate non-calcaréous ouler Shell Layer
2 = middle lamina of trilaminate non-calcareous outer Shell Layer. 3 = inner
lamina of Lrilaminale non-calecerous ouler Shell Layer. 4 - Crossed Lamellar
Layer. 3 = Complex Crossed lamellar Layer. 6 = Pallial Space. 7 = Beeswax
Glands of External Pallial Manlle. 8 = Pallial Line. 9 = Pallial Space. 10 = FI

1] = F2. 12 = Groove FIF2



FIGURE 6.27. Area aladdin FIGURE 6.28. Zardalivm  amygdalumeostum

FIGURE 629 WHesocrbola feama’ FIGURE 6 30, Jrissdos Lorfuosa

Figures 627 -6.30.1 = ouler lamina non-calcareous ouler Shell Layer. & =

middle lamina non-calcareous ouler Shell Laver 3 = inner lamina non-
calcareous outer Shell layer. 4 = Crossed Lamellar Structure. 5 = Complex
Crossed Lamallar Struclure. 8 = Pallial Space. 7 = Beeswax Clands of Pallial
Manlle. 8 = Pallial Line. 9 = Exlra-pallial 3pace 10 =FI 11=F2 12 = F}

Azain, as for the Helerodonta, this group has a Pallial Line Junction of the Medial
surface of Lhe Valve to Lhe laleral surface of the External Mantle thereby
generaling a closed Pallial Space.  Similarly the Exlrapallial Space is sealed by

Lhe recurving of a Lrilaminale Quler Non-caleareous Shell Layer

The External Mantle of Lhe Pallial Region is covered by a remarkable secretory

epithelium which is very similar in all members of these Superfamilies and quite
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distinet from any secrelory structure encountered elsewhere in the Bivalvia. [t
consists apparenlly almost exelusively of secrelory glands of almosl equal size.
The side walls of each gland are normal lo the basal lamina and hence the
glands presenl a honeycomb-like picture. Each gland is filled with spherical
secrelory granules which stain al leasl Lhree differenl colours with each
trichrome slain used. The cells are further differentialed by granule size. This
unique epithelium (Beesway Glands) is mosl pronounced in the limopsacean
Melaxinaea vilrea and Lhe arcacean daadsra piu/s but is presenl in every
species of these two Superfamilies studied.

There can be little doubt Lhal the funclion of this very specialised lissue is the
secrelion of the Inner Calcareous Shell Layer Organic Malrices precursors. This
Shell Layer, Lhroughout these groups. is Complex Crossed Lamellar Layer. Again
the array of secrelory glands between the Pallial line and the origin of the medial
lamina of the ouler non-calcareous Shell Layer is quite similar throughout the
group as is the prominent and brighlly staining Mantle Edze Gland covering the
distal half of Lhe LatF1 .

Again, since these secrelory structures line the enclosed Extra-pallial Space il
would seem unlikely that Lheir major function was other lhan Lhe secrelion of
the ouler of the two calcareous Shell Layers of these groups Throughoul these
\wo groups the ouler Calcareous Shell Laver is a Crossed Lamellar Slruelure
(Taylor 1973),

This arrangement of a Crossed Lamellar Struclure secreted by Lhe Lissues lining
an enclosed Extrapallial Space lateral lo a Complex Crossed Lamellar Structure
secreled by the Exlernal Mantle of the Pallial Region lining an enclosed Pallial
Space is precisely the same as Lhal seen in the Tellinoidea, some Veneroidea,
Lhe Carditoidea, Maclroidea. and the Gastrochaenoidea yel there would appear
o be no resemblance whatsoever between the Pallial Region histology and
Extrapallial Region hislology of Lthe Limopsoidea and Arcoidea on the one hand
and Lhe equivalent lissues of members of the helerodonl superfamilies on Lhe
other (save Lhal they bolh have Mantle Edge Glands, bul very different Mantle
Edge Glands). This finding seriously prejudices Lhe use made of Shell layers as
taxonomic Lools by Taylor. (1972) and Waller (1978) unless similarily in Shell
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Layers is coupled with similarily in the hislological struclures which secrele their
precursors..

The origins of the two inner laminae of the ouler non-calcareous layer are also
quite similar throughoul these groups

The medial of the lwo laminae is produced, in part. by an epithelial glandular
structure which oceupies Lhe same position en the laleral aspecl of Apical Groove
FIF2. as the Omega Gland in Pearl Oysters. The secrelions here produced stain
shades of blue or purple with all slains used Lhroughout the members of Lhese
Groups.

The middle lamina of Lhe lrilaminate outer non-caleareous Shell Layer of lhese
groups is produced unequivocally on LalF2. I is secreled through a varianl of
the Receplacle Glands found in exaclly this location in the Awelada from
Subepithelial glands of Proximal LatF2. In every member of these groups
examined this middle lamina of the outer nen-calcareous Shell Layer stained
amber wilh Mallorys, yellowish to fainl pink wilth M.S.B. and A.B./M.SB. and red
with Azan and Steedmans. This is Lhought to be relaled Lo the martius yellow
posilive seleroproteins of olher groups.

The Limopsoidea and Arcoidea have an ouler lamina of their trilaminate ouler
Shell Layer which is refraclory lo staining with any slain used. Its origin is
uncertain bul necessarily musl be medial to the source of Lthe middle lamina of
the Outer Shell Layer.

The significance of these findings re the relalionships between Lhe Manlle and
Mantle Margin and the Shell Layers in the Limopsoidea and Arcoidea are twofold:
Firstly they place these Lwo Superfamilies firmly in the Pleriomorphia as the
Lissues which produce Lhose caleareous Shell layers (because of which Taylor
(1973) placed them in Lhe Helerodonla ). are ullerly distinet from the Helerodont
Lissues which produce similar Shell Layers - and the lissues which produce Lhe
Non -calcareous Shell Layers, in localion and histology, are unmislakably akin to
Lthose which produce the Ouler Shell Layer in the Plerioidea

Secondly the production of an ouler Shell layer from Receplacle Gland -like

slructures on Proximal LalF2 and struclures medial Lo Whis on the Mantle Margin
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is of great significance in respect of Lhe sources of the precursors of the Shell

Organic Matrices of the ouler Prismatic Shell Layer in the Plerioidea. This will be
returned Lo later (Chapter 6.6.)

6.1.11.3hell and Mantle of a Unionoidean.

Valasunro ambieuus.

FIGURE 6.31. | = laleral lamina of trilaminate non-caleified outer Shell Layer
from Apical Groove FIF2. 2 = middle lamina of trilaminate non-calcified ouler
Shell Layer from Proximal Med F1.. 3 = inner lamina of trilaminate non-caleified
ouler Shell Layer from MedFl.. 4 = Aragonite Prisms which form-near inner
lammina of ouler non-calcified Shell Layer -Organic Matrices from Fl. 5 =
Outer Nacreous Layer Organic Malrices from FL. 6 - Inner Nacreous Layer
Organic Malrices from External (Pallial) Mantle. 7 = Pallial Space. 8 = Pallial
Manlle. 9 = Pallial Line. 10 = Extra-pallial Space. 11 =F1.. 12 = F2. 13 = F3.
14 = Groove FIF2..

The Valve/Mantle configuration in ¥ amépzuus displays a Pallial Line Junction
belween the medial surface of Lhe valve and the lateral surface of the External
Mantle forming a sealed Pallial Space, and a recurved trilaminale non-calcareous
outer Shell Layer which joins the Mantle Margin from its origins in Groove FIF2
to the laleral periphery of Lhe Shell. There is thus a sealed Extrapallial Space

This trilaminale non-caleareous outer Shell Layer is Lhrown into elongate folds

whose internal sides louch each other just distal Lo the growing shell periphery
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The middle lamina which appears o be secreled by Lhe distal parl of the tuft of
elongale columnar cells on Lthe laleral aspect of Apical Groove FIF2. slains amber
with Mallory"s, yellow with MSB. and AB/MSB. and red with Azan and
Steedman’s. Il is thus the marlius yellow positive prolein in Lhis species. In a
way thal is obscure. Lhe medial lamina of Lhis trilaminale outer Shell Layer forms
a flat sigmoid structure which bends proximally out of Lhe fold of the ouler Shell
layer and Lhen bends medially and Lhen recurves on itsell thus forming a
bilaminate flattish sigmoid. The aragonite Prismalic layer which is the ouler
calcareous Shell Layer lines bolh surfaces of this sigmoid structure and Lhe
medial surface of Lhe medial lamina of the Ouler Shell Layer where it is nol

forming a sigmoid slrucutre,

—— ._1_ Ichrum:

Aragonite

11
Prismatic Layer | ILI | l Hl

F i .

Extra Pallial Spac

T M ——

Lateral F1

Layer

FIGURE 6.32. Fetesume ambpguus Schemalic diagram showing relalionships of
aragonite Prismatic Layer lo underlying Outer Nacreous Layer and lalerally, Lo
the overlying inner lamina of the Lrilaminate outer non-calcareous Shell Layer
Medial Lo this aragonite Prismalic Layer. the Ouler Nacreous Layer is necessarily
formed by secrelory structures of LalFl. (the medial surface of the Extrapallial
Space) wilh the possible addition of material from distal MedF1.. Proximal Lo the
Pallial Line allachmenl Lhe Inner Nacreous Layer lines the lateral surface of the
Pallial Space and hence is almosl certainly produced by Lhe secrelory functions
of Lhe pallial Mantle

These latler are all but unique in Uhis study in that from LM. it appears that the

Pallial surface epithelial cells are undifferentiated squamous epithelium and
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hence very unlikely Lo be on their own Lhe source of scleroprolein precursors, It
may be that Lhe array of spherical Granular Cytoplasm Secretory Glands in Lhe
trabecular walls of the submucosal sinus produce the scleroprolein precursors

which are then transferred to the overlying epithelium and thence to the Pallial
Space..

Concerning the aragonile Ouler Prismatic layer of Vambjowus Taylor. (1972)
lists the arrangement of caleareous layers in the Unionoidea of an ouler
aragonite Prismatic Shell Layer oulside two aragonite Nacreous Shell Layers as an
ancestral primitive condilion from which all other Lypes of bivalve shells derive. |
am not in a position Lo dispute Lhis. Species of Lhe other Lhree Superfamilies said

by Taylor to exhibil this primitive condilion have nol been available for Lhis
study

However Taylor closely relales the outer aragonile Prismatic Shell Layer of Lhe
Unionoidea Lo the ouler calcite Prismalic Shell Layer of the Pterioidea.

The outer aragonite Prismalic Layer of Kamébyowus appears likely to bear Lhe
same relationship Lo the underlying Outer Nacreous Layer in Vambjayus as does
the inner aragonile prismalic layer of a cultured pearl Lo Lhe overlying nacreous
layer. Thal is, il is intimately associaled with iL, and structurally determined by
similar seleroproteins from largely the same source as the adjacenl nacreous
layer Organic Malrix scleroproteins. As will be seen. il seems likely Lhal the
caleilic Prismatie Layer of pearl oyslers has no relalionship at all lo Lhe
aragonile Prismalic Layer of Vambgeuus bul rather is closely related Lo Lhe
outer non-caleareous Shell Layer of Lhis animal. { rel. the marlius yellow posilive
scleroproleins throughoul Lhe taxa studied)
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6.1.128hells and Mantles in the Nuculoidea.

Nuculs superbs / Nuculs sp.

FIGURE 633 | = trilaminate Composite Prism Layer from "Groove F2F3". 2 =
Outer Nacreous Layer from "Groove FIF2." (aragonite). 3 = Inner Nacreous layer
from Pallial Mantle (aragomite) 4 = "F3". § = "F2". 6 = "F1". 7 = Pallial
Space. 8 = Pallial Mantle

In the Nuculoideans Meewla syperba and Nuewls sp the shell/mantle
configuralion 1s unique amongst Lhe Bivalves sludied in Lhal the Mantle Margin is
recurved so thal. of the three Marginal Manlle folds "F3" 1s lateral and “F1"
medial. As in Chapler 5. the nomenclalure of the parls of Lhe Mantle Margin will
be as for the resl of Lhe Bivalvia so as lo preserve the relalionship belween
nomenclature and histology. bul all Manlle Margin Nomenclature will be in
inverled commas to signify Lhat eg in these cases "LalF2." 15 in fact on the
medial side of F2..

It is also unique amongsl the genera studied in thal there is no shell - mantle
junclion at the Pallial Line bul there are lwo shell - mantle junctions al the
Manlle Margin - Lhe forming Composile Prismatic Laver remains within the
recurved Groove F2F3 throughoul the animal's life and the forming Ouler
Nacreous Layer appears Lo remain adherenl to the nolch like Groove FIF2 which
produces il. The ouler Nacreous Layer separates from Lhe Inner Nacreous layer
with acid decaleificalion, the former growing progressively thicker from the Hinge
to the Ventral Margin of the Valve and the latler vice versa In no other animal
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studied are the origins of the Shell Layer Organic Malrices precursors as certain
as they are in these animals. From serial sectioning the animals and Lheir
decalcified shells, the following lissues and forming surfaces of Shell Layer
Organic Matrices are seen to be coextensive peripherially:

"LalF3." and Lhe laleral lamina of Lhe trilaminale ouler Shell layer ( ie. the
lateral lamina of the Composite Prism Layer);

"Proximal MedF2" and the underlying subepithelial glands and the middle strialed
lamina of Lhe Llrilaminate ouler Shell Layer ( ie. the middle lamina of Lhe
Composile Prism Layer),

"Distal MedF2" and the medial lamina of the trilaminate outer Shell Layer ( i.e.
the medial lamina of the Composite Prism Layer),

"Groove FIF2" and the Quter Nacreous Layer;

Pallial Mantle and the Inner Nacreous Shell Layer.

Further the nacreous Laleral Denticles are closely approximaled Lo an epithelium
and subepithelial glands very similar Lo the External Mantle Pallial epilhelium and
glands. which secrete the precursors of Lhe Inner Nacreous Shell layer. Further
still each of the dramalically differenlly staining parls of Lhe hinge is closely
applied Lo a morphologically different secrelory epithelium

All three lamina of Lhe Composite Prism Layer after acid decaleificalion stain
amber with Mallory's. yellow with M.S.B. and AB/MSB. and red with azan and

Steedman’s and thus are the marlius yellow posilive scleroproleins of Lhis
Species.
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6.1.13.Shells and Mantles of Lhe Myliloidea.
Trehomya birsuls, Lithophars leres and Holufopa silicula iofra.

FIGURE 6.34 Shell and Mantle of Zihophaga leres | = Mytilid Prism Shell Layer
(Caleitic). or Lrilaminale non-caleified ouler Shell Layer. 2 - Outer Nacreous
Shell layer. 3 = Inner Nacreous Shell Layer 4 = Pallial Space. 5 - Pallial
Manlle. 6 = Pallial Line. 7 = Exlra-pallial Space. 8 = F1. 9= F2. 10 = F3.
Il = Groove FIF2. 12 = Groove F2F3.

Taylor (1972) lists two conditions of the shells of the Mytiloidea - a three layered
shell consisting of an external Shell Layer of Mytilid Prisms outside an Ouler and
Inner Nacreous Layer, and, allernatively, a condition which he says is found in
some Lropical members of Lhe Superfamily of a Lwo layered shell of Outer and
Inner Nacreous Layers from which the Ouler Mylilid Prismalic Layer has been
losl

The three species of the superfamily studied here were Zehompa Hirsuls,
Whephaga teres and  Bolulopa siffculs infra. As the aim was Lo prepare
decalcified shells and External Manlle and Mantle Marein tissues /2 s for LM,
ILis nol known which of Lhe two condilions as described by Taylor were present
in these animals. Whal was presenl in all three species was a dense Lrilaminale
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outer Shell layer. elaborated by the secrelory lissues of Groove FIF2. and
recurving around lerminal F1.. There is also a junetion of medial valve surface Lo
External Mantle al Lhe Pallial Line hence both the Pallial Space and the
Extrapallial Space are discrele, enclosed spaces.

tspecially in Aihaphega leres the exclusivity of Lhese spaces is reflected in
distinelly different. associaled Shell Layers. The Inner Nacreous layer, which is
coexlensive with the Pallial Space displays a struclurally different Nacreous Layer
Organic Matrix from Lhal of any olher studied - the decalcified Shell Layer, while
staining similarly lo all stains used as any olher Nacreous Shell Layer Organic
Malrix. morphologically consists. in radial section, of fine structures normal lo
the Shell Layer surface and hence normal Lo the usual direction of Nacre Sheets.
As above. Lhis Shell Layer terminates peripherally at Lhe Pallial Line

Beyond this and hence forming the laleral surface of the Extrapallial Space is the
Outer Nacreous Layer which, in sharp contradistinction to the Inner Nacreous
Layer, has a decalcified Shell Organic Matrix which under LM appears structurally
indistinguishable from the Nacreous Organie Matrices of other Superfamilies
studied - i.e., Nacre Sheels aboul parallel Lo Lhe surface of the Shell Layer

Lateral to the Outer Nacreous Layer in all three species of Lhe Mytiloidea studied
is a complex lrilaminale ouler Shell layer. In each species the ouler lamina
(lateral on the shell surface) appears lo be secreled by an Apical Channel al Lhe
proximal extremity of Groove FIFZ.; The middle Lamina appears to be added by
MedFl., and the medial Lamina by Lhe elongate columnar epithelium of Terminal
F1.. This epithelium is separaled from the elongale columnar epithelium of the
Manlle Edge Gland of LatFl by a deep noteh. All three laminae of this ouler
Shell Layer stain amber-brown with Mallory's, yellow wilh M.S.B. and AB./MSB

and red with azan and Steedman's, and hence are considered martius yellow
posilive proteins in Lthese species.
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6.1.14. Shells and Mantles in Lhe Oslrecidea.

Hyolissa hyolis

Hollow o T/TTITi i ITLIT
Prisms—s [l -l"-su-'
Sheets 4 :

= Omega Gland

Plaated Secretion
of Groove F1F2.Ii.

Tubular Glands ofProx. Med. F2.

F3.

FIGURE 6.35.
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FIGURE 6.36. Shell and Mantle of &sfrea sp.
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Saceostres eclunala
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FIGURE 6.37. Shell and Manlle of Saccosirea echinals.
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FIGURE 6.38. Shell and Mantle of Seccosérea cuceullala



929

The Ostreoidea, Anomioidea. Pectinoidea and Pterioidea differ from all other
bivalves studied in that there is no attachment between shell and Manlje either
at a Pallial Line or at the periphery. 4s above, the Pallial Space and Extrapallial
Space are therefore nol physically defined by tissue /shell junctions .

The members of the Ostreoidea investigated were the pycnodontid  Arolissa
Apolis an Osires sp., Saccasires echinata and Saccosirea cucoulials Of these,
according to Taylor. (1973) the Pyenodontidae have a valve consisting only of
Foliated Structure. This is not the case with the Pycnodontid examined. The
valve of Ayolissa byolis after drying, floals in sea water because it is composed
of allernating sheet like calcified Shell layers and layers of holiow prisms with
long axes normal to the valve surface and transverse paralle] side walls as in the
Prismalic Layer of the Pterioidea. As in Chapters 3. (Classification), and 5,
(Results) the analomy and histology of the External Mantle and Mantle Margin of
especially this species. {but also the other members of the Ostreoidea studied),
5o closely resembles that of the Plerioidea as to cogently suggest their
reclassification towards the Plerioidea and away from the Pectinoidea.

The Ostres sp. appears to have no prismatic layer on the valve and therefore
according Lo Taylor. (1972) has a valve consisting enlirely of Foliated Structure.
Ostrea sp. was found Lo have g Mantle Margin with three folds and a Pleated
Secretion issued from the Apical Channel of Groove FIF2.. That LalFl. bore a well
defined Mantle Edge Gland and MedF'1. a highly differentiated secrelory structure,
while LalF2., Med F2. and LatF3. were largely undifferentiated is in keeping with
the relatively simple shell structure in this animal (Taylor, 1973).

According lo Taylor Saccoslrea echinals  has a lower (left) valve without
prismalic layer and an upper (right) valve with an outer Prismatic Layer. In
Saccosirea cuccullala the ouler Prismatic Layer is presenl on both the upper

(right} valve and the posterior parl of Lhe lower (lefl) valve. which part is normal
to the surface of altachment

Saccostres echinala has highly differentialed secretory slructures in both the

Pallial Region and 1he three Marginal Manlle Folds. By far the most striking
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secretory structure of the Mantje Margin is the dense mass of secretory glands in
the Subepithelium of MedF1.. In contradistinetion to s/res sp. Proximal MedF2.
and Proximal MedF3. are highly differentiated glandular regions. Again a large

Circum-pallial Nerve is intimately associated with the secretory strucutres.

The Anterior left (lower) Mantle Margin of Saccotres cuceuliots which secreles a
shell allegedly lacking an outer Prismalic Layer (Taylor. 19773) is dramatically
different from either the right (upper) Mantle Margin or the Posterior left (lower)
Mantle Margin which do secrete shells with an Outer Prismatic Layer. Parl of the

difference in the differentiation and distribution of secretory glands and tissues
is In those of MedF1.

In summary. the degree of differentiation into secretory tissues and the
abundance or otherwise of secretory glands on the External Mantles and Mantle
Margins of the species of the Ostreacea studied closely reflected the degree of
morphological complexity of their valves, [n particular, where a Manile Margin
was associated with a valve with a wel] developed Prismatic Layer. it bore highly
differentiated secretory tissues and abundant secretory glands on LalF2.. MedF2
and LatF3. - that is on those Regions of the Mantle Margin medial to the Pleated
Secretion of Groove FIF2. and lateral to Terminal F3.. Where g Prismatic Layer
was lacking on the valve, the associated Mantle Margin had a .largely

undifferentialed mucosa on LatF2. MedF2. and LatF3. and Inconspicucus secretory
glands in these Regions.

Attempts to decalcify the valves of the Ostreacea Lo yield Shell Organic Matrices
for histological study proved abortive. so that no secreted scleroprotein was
found in these animals with similar staining affinities Lo the martius yellow
positive scleroproteins of the olher groups. To pursue the matter further was
outside the scope of Lhis investigalion,
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6.1.15.Shells and Mantle in the Anomioidea.

Flacuna placenta.

M Outer Laye'_
= inner Layer

F1

F2

F3

FIGURE 6.39. Shell and Mantle of Alcune placenta

The Left and Right Mantle Margins of Aacuna placents each appear to consist of
three Marginal Mantle Folds with F2. apparently trilobate. There is no immedialely
apparent differences between the secretory structures of the two mantles and the

shells they secrete are structurally very similar consisting of Foliated Structure
outside Crossed Lamellar Structure (Taylor. 1973).
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6.1.16.Shells and Mantles in the Pectinoidea.

Amusium pleuronecles, Sponayius lamarcki
Upper Lower

— Foliated Structure
___________—-:"' o . .
THSEaeES S Crossed Lamellar Structure Z8a32aES

— F___—. ' F
F2
F2
% F3

6.40. Shells and Mantles in Amusivm plevronectes and Spondylus Jamarch

As with Aacuna placents the Pectinoidea studied, the scallop dmusim
prevroneclesand Spondyles famarcé/ have three Marginal Mantle Folds on bolh
upper and lower mantles and in all cases F2. is multilolate bearing such
structures as highly developed eyes. However, whereas similar shell structures of
Foliated Structure lateral to Crossed Lamellar Structure (Taylor. 1973) in both
valves of Spondylus famarckr suggested the similar degree of complexity of
secretory struculres found in the left and right Mantle Margins, the distinctly
different left and right valves of dmusivm plevronectes was not reflected in
obvious differences in secrelory differentiation of the Pallial Mantle or Mantle
Margin in lhese animals. The study of Lhe relationship between Mantle secretory
structures and Shell Layer organic Matrices in these animals is complicated by
both the lack of physically defined compartments within which the Shell Layers
are generated and the complexity of the Mantle Margin of these actively

swimming bivalves. To pursue the relationship further was outside the scope of
this study.
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6.1.17.Shells and Mantles in the Pinnoidea.

Finna brcoler

FIGURE 641. Aumna breofor | = caleilic Prismalic Shell Layer laid down in
Growlh Scales. 2 = OQuler Nacreous layer, (aragonile) 3 = Inner Nacreous Layer.
(aragomle). 4 = Polenlial Extra-pallial Space. & = F1. 6 = Omega Gland. 7 =
Circumpallial Nerve. 8 = F2. 9 = F3. 10 = Pleated Secretion of Groove FIF2
11 = Vesiculate Secrelion of Groove F1F2.. 12 = Groove F2F3

According Lo Taylor (1973) Lhe Pinnoidea and Plerioidea bolh have an ouler
calcitic simple Prismatic Layer outside an Outer Nacreous Layer and an Inner
Nacreous layers. Of Lhe Lwenly eighl Superfamilies of bivalves whose shell
structures are listed in his work they are Lhe only two wilh this arrangemenl of
Shell Layers.

As with the Pterioidea, the caleilie Prismalic Layer of Lhe Pinnoidea consists of
Growth Scales superimposed on each other medially with Lhe periphery of each
Growth Scale formed. at intervals going peripherally. into a Growth Process
These Growth Processes. again as in lhe Plerioidea. come lo lie on Lhe ouler

surface of Lhe Valve so Lhal Lhose from successively more recenl Growih Scales
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form radiating lines from Lhe Umbonal region to the Valve periphery. The
decalcified Prismatic Layer Shell Organic Matrices are morphologically very
similar to those of the pearl oysters bul much less robust.

As with all members of the Plerioidea studied. the Mantle Margin of 2dsiolor
bears highly differentialed secrelory slands and tissues. The Mantle Edge Gland
13 nol only highly developed as a specialised elongate Columnar Epithelium but
has a relatively large number of Subepilhelial Trabecular Turquoise Glands.

Distal to the parl of the mantle involved in Nacreous Shell Layer produclion Lhe
MedF1. 1s virlually devoid of secretory glands.

There is however a very well developed Omega Gland which with the opposed cells
of Proximal LalF2. form the Apical Channel from which issues a voluminous
Pleated Secrelion. This slains purple wilh Mallorys and lurquoise turning Lo pink
with distance from the Apex of Groove FIF2. wilh A.B./M.S.B.

The Circum-pallial Nerve and Circum-pallial Sinus are both closely associaled
with the secrelory lissues of Lthe Apical Channel.

The F2. Ramis of the Circum-pallial Nerve closely invesls the seerelory glands of
Proximal LalF2,

The entire surfaces of LalF2., Medr2. and LalFd. are differentiated inlo a complex
sel of secretory slrucutres with numerous Trabecular Turquoise Glands.

The decaleified Shell Organic Malrices of Lhe Prismalic Layer slain amber with
Mallorys. Yellow with MS.B. and A.B./MSB. and red with azan and Sleedman's.

They Lherefore conslitule the martius yellow posilive scleroproleins of Lhis
species
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6.1.18.5hells and Mantles in Lhe Plerioidea.
6.1.18.1.  The Genera of the Pterioidea Studied.
The Genera of the Pterioidea included in this work were Zpelads (the genus of
the commercial pearl oysters Amavimaand Amarearititera, Plersa (the genus
of the commercial pearl oyster Aeria penguin), fagnomon and Malleus

6.1.18.2. Shells of Lhe Plerioidea Studied.

All the shells of the Plerioidea sludied consisted of valves wilh Lhree shell layers
- an ouler caleitic simple Prismatic Layer and two nacreous layers - the Ouler
Nacreous Layer and the Inner Nacreous Layer. In every specimen studied Lhe

Prismalic Layer formed the entire ouler Shell Layer (excepl where removed) and
also constiluled the medial periphery.

The only Outer Nacreous Layer normally visible in @ member of the Superfamily is
the most distal parl of the nacre on the medial surface. and on the lateral

surface where erosion or abrasion of the Prismatic Layer reveals the underlying
Ouler Nacreous layer

The Inner Nacreous Layer covers the grealer parl of Lhe medial nacreous surface

of a pearl shell and. in a mature specimen. forms by for the greater part of Lhe
Lhickness of mosl of the valve,
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PTERIOIDEA.
Finclads maxima

FIGURE 6.42. Amelads marina Shell and Mantle. | = Prismalic Layer laid
down in somewhal ill-defined Growth Scales (3 shown). (calcite). 2 = Ouler
Nacreous Layer ( aragonite). 3 = Inner Nacreous Layer ( aragonite). 4 =
Distal Pallial External Mantle. 5 = Dislal Folded Region. 6 = F1. 7 = F2

8 = F3.. 9 = Plealed Secrelion of Groove FIF2. 10 = Vesiculale Secretion
of Groove F1F2. 11 = Groove F2F3.. 12 = Apical Groove FIF2. 13 =

Circumpallial Nerve. 14 = Circumpallial Sinus.
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P marzaritifera

FIGURE 6.43. 2 margarstifera. | = Prismalic Layer laid down in very poorly
defined Grawlh Scales (three shown). (Caleilic). 2 - 14 = as for Pmawme

above. Nole Proximal LalF2. histological differences belween Lhese species.

4
% a5

FIGURE 644, Z fweata. ) = Prismatic Layer with n‘»:;de[ined Growlh Scales excepl
for slaining (calcite) 2 - 14 = as for # mavma



Finclads sp. /.

e — s
. — — —

FIGURE 6.45. Aweleds sp /. 1 = Prismalic Layer laid down in well defined
Growlh Scales wilh relatively very elongale Growth Processes, three shown,
(caleile). 2 -14 = as for 2 mayuma above.

Fineclada sp.2

FIGURE 6.46. Ainclads sp 2 |1 = Distal Pallial Region. 2 = Dislal Folded Region
3=Fl.4=F2 5=F3 6 =Plealed Secretion of Groove FIF2. 7 = Vesiculale
Secretion of Groove FIF2. 8 = Groove F2F3. 9 = Forming Nacreous Organic
Malrices on Distal Folded Region. 10 = Forming Nacreous Orgunic Matrices
Between MedFl and Pleated Seeretion of Groove FIF2,
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Pinetada sp.J

2 if gl “ ! : £
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FIGURE 647. /unclads sp. 7\ = Prismalic Layer in defined Growth Scales, usually
only two thick. (Caleilic). 2 - 14 = as for 2 mavima above

Prnelada albina syzillala

Figure 6.48. /2 a/bina sysillalz. | = Prismatio Layer in ill-defined Growth Scales
seldom more than three Lhick. 2 - 14 = a5 for 2 AN,
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6.1.18.3.  External Manlles and Mantle Margins of the Pterioidea Sludied.

All the Plerioidea sludied have Exlernal Mantles and Mantle Margins which (apart
from some ligaments near the Adductor Muscle) are free from physical
allachmenl to the valve peripherally to Lhe area of the Adduclor Muscle.

As previously. the areas of the External Mantle have been divided inlo Shoulder
Region. Pallial Gland Region. and the Pallial Region which is subidvided into nine
regions - Anlerior. Ventral and Posterior, Proximal. Middle and Distal Pallial
Regions. Between Lhe Pallial Regions and Lhe Manlle Margin, the Distal Folded
Region is distinguished. The ManUe Margin in the Zzefods has been divided into
Folds F1.. F2. and F3. and their enclosed Grooves FIF2. F2F3. LatFl. is further
subdivided into Proximal LatFl., Mantle Edge Gland, Terminal FI.. MedF!. is Lhen
subdivided inlo Distal, Middle and Proximal F1. An Apical FIF2. was recognised
LatF2. was subdivided into Proximal. Middle and Distal LatF2 Med F2. was

subdivided inlo Dislal and Proximal MedF2. and finally, LalF3. was subdived inlo
Proximal LalF3. and Dislal LatF3..
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Plerss pengumn, P aviculs. lsoznomeon ephjppium. / 1sognemon and Malleus alba

FIGURE 6.49. Aeria. losnomen snd Maleus | = Prismatic Layer laid down in
usually very well defined Growth Seales. 2 = Outer Nacreous Layer. 3 = Inner
Nacreous Layer. 4 = Distal Pallial Region 5 = Distal Folded Region. 6 = Fl.. 7
= Ancillary FI.. 8 = F2. 9 = F3. |0 = Pleated Secrelion of Groove FIF2. Il =
Vesiculate Secretion of Groove FIF2. 12 = Groove F2F3. 14 = Apical Groove FIF2..
14 = Circumpallial Nerve. 15 = Circumpallial Sinus.

In Aleria. lsosnomon and Malleus he Mantle Margin was subdivided into F|
Ancillary F1. F2 and F3 because the presence of the Mantle Edge Gland on the
lateral surface of the outer Marginal Manlle Fold. and the issuance of the Plealed
Secrelion from an Apical Channel. (unmislakably histologically analogous Lo
Apical FIF2. in the Apedads). al Lhe proximal apex of the Groove belween Lhe
second most laleral and third most lateral Marginal Mantle Folds dictated Lhis
nomenclalure.
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6.1.18.4. The Inner Nacreous Layer and the External Mantle.

. Anelada
2. Fleria.

From the close approximation of the External Mantle to the overlying medial
surface of the Inner Nacreous Layer and the production of cultured pearls using
transplants of Pallial epithelium to generate the pearl sacs there can be little
argument with the proposition that the Inner Nacreous Layer is generated by the

External Mantle between the Hinge and the Distal Folded Region. This relationship
will be considered in greater detail later {Chapler 8.3.)

6.1.18.5. The Outer Nacreous Layer. Prismalic Layer and the Mantle
Margin.

This leaves the origins of the precursors of the Outer Nacreous Laver and the
various parts of the Prismatic Layer to be found amongst the secretory
structures between the Distal Folded Region and the distal extremity of F3..

As with the Ostreoidea. Anomioidea and Peclinoidea the major difficulty in
determining the source of the Shell Layer scleroprotein precursors of the Outer
Nacreous Layer and Prismatic Layer in the Plerioidea stems from the lack of

atlachment and the lability of the distal Mantle and Mantle Margin in the
members which were studied of Lhis Superfamily .

The evidence presented below is both direcl and indirecl, positive and negative.
Before proceding it is necessary to establish thal in the Plerioidea there are two

distinct Nacreous Layers. and this is dealt with more fully in Chapter 6.2, below.
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6.1.18.6. The Quter Nacreous Layer in the Pterioidea.

Taylor. (1973) has stated that the valve in Plerioidea consisted of an ouler
calcitic Prismatic Layer and Outer Nacreous Layer and an Inner Nacreous Layer.
Neither in the acid decalcified shell nor in SEM of the radial broken surface of
pearl shells has any discontinuity (used in the geological sense) between the
Outer Nacreous Layer and the Inner Nacreous Layer been observed. However the
common names of the large Awcleds Fmayima and Pmargariitera - gold lip
pearl oyster and black lip pear} oyster respeclively, indicate that the periphery of
the nacre on the medial surface is differenlly coloured from that more proximal.
That the difference is not due to the Prismatic Laver backing and the relative
thinness of Lhe peripheral part of the shell is shown by removal of the prismatic

layer. This reveals thal e.g. in Amawms (gold lip) the gold colouration covers
the entire outer surface of the Quter Nacreous Layer.

The matler 1s even more definate in Alera peneun where the Quter Nacreous
Layer is bronze coloured and strongly opalescent. In this species it fractures far
more easily than the "milky" Inner Nacreous Layer and is sufficiently distinct
from the Inner Nacreous Layer for Lhe sheil to be cameoed.

Under S.EM of the medial surface of the shell periphery the Outer Nacreous Layer
has edges to its Nacre Sheets which are usually a far shorter distance apart and
usually more in parallel straight lines compared with the adjacent Inner Nacreous

Layer. Hence Taylor's descriplion is held to be accurate despile the lack of a

dintinel line of demarcation between the lwo layers.

6.1.1877  The Origin of the Organic Matrix Precursors of the Ouler Nacreous
Lavyer.

6.1.18.7.1. Direct posilive evidence that the F1. fold of the Mantle Margin of the
Pterioidea is involved in production of lhe precursors of lhe scleroprotein

Organie Malrices of the Quter Nacreous Layer is the following:
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I. Brickwork patlerns of what are thought to be forming Nacre Tile Organic
Matrices have been seen under TEM on the lateral surface of F1. in one member
of one species of Ameclads.

2. On the same animal similar material was found on Middle MedF1. in secreted
material belween the surface epithelium and the Pleated Secretion of Groove
FIF2..

3. In all Plerioidea studied the mature secreted material from the whole of FI.
stains in the same way as does the acid resistant scleroproteins of the Nacreous
Layers of the same animals.

4. The Trabecular Turquoise Glands of both LatFl. and MedF1. stain very similarly

to those of the External Mantle and distinctly differently from those of F2. and
F3..

6.1.18.7.2. Direct negalive evidence that the quite elaborate secretory structures
of F'1.in the Znclads and F1. and Ancillary F1. in the Aera are nol involved in

production of scleroproteins of the Prismatic Layer is the following:

I. No malure secretory material with similar staining affinities to those of the
scleroproteins of the Prismatic Layer ({excluding the Intraprismatic Organic
Matrix) has ever been observed in the secretions belween Lhe Pleated Secretion of
Groove F1.F2 and MedF1.. or on the surface of LatF1. in members of Lhese Cenera.
2. No secreled structure which appeared Lo be a forming or formed part of the
Prismatlic Layer scleroproteins has ever been observed belween the Distal Folded

Region and the Laleral Surface of the Pleated Secretion of Groove FIF2. in
members of these Genera.

6.1.187.3. Indirect Positive Evidence.

In the figure giving a generalised schematic representation of formalion of a
bivalve shell (Figure 6.1). Wilbur and Saleuddin (1983) show an Outer Prismalic
Layer being formed in the disial parl of an Extrapallial Space and proxima! lo

this a Nacreous Layer being formed in the proximal parl of an Extrapallial Space.

The present sludy failed to reveal with certainty one example of a shell -~ mantle
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arrangement exactly like this where the Prismatic Layer was caleitic. It is not
however disputed that if for the "Prismatic Layer” of Wilbur and Saleuddin "Quter
Calcareous Shell Layer” is substituted and if for their “Nacreous Layer” "Middle
Calcareous layer” is substituted Lhere may be Helerodont Bivalves which form
their shells according to this scheme, i.e. with the Shell Organic Matrtices of the

outer two calcareous Shell layers being produced in the Extra-pallial Space.

In the Arcoidea and Limopsoidea ihe secretion which begins contiguous with a
glandular structure like the Omega Gland of the Pterioidea and the Proximal
MedF1. continues distally as a sheet of secreled material. recurves around Distal
F1. and joins the Valve inside the Quter Shell Layer or as the medial laminate of a
trilaminate ouler Shell Layer - which is nol absolulely clear in some acid
decalcified shells - bul probably largely the latter. This secretion and the Inner
Lamina of the trilaminate Outer Shell Layer stain various shades of blue and
purple with all stains used depending on species and stain. Whether secrelory
material accruing to the inside of this secreted sheet as it passed the secrelory
strucutres of MedF1. and terminal F1. becomes part of the inner lamina of a
trilamimate Quter Shell Layer or part of the Organic Matrix of the outer of the
wo calcareous layers of the shells of members of these superfamilies is unclear.
The Complex Crossed Lameliar Layer of the Arcoidea and Limapsoidea is
unquestionably secreted by the "Beeswax Glands” of the enclosed Pallial
Epithelium.  Just as certainly, the Crossed lamellar Structure of the ouler
calcareous Shell Layer is secreled between the Pallial Line and the Apex of Groove
FIFZ. and in all probability excepl for perhaps an outer layer, almost entirely by
the copious and varied secrelions of Lhe highly differentialed secretory lissues of
LatF1 .

{The Outer Shell Layer {or middle lamina of a trilaminate Outer Layer} is secreled
exclusively by lissues Media) on the Mantle Margin Lo the tissues which produce
the blue staining secretion described above. This will be described more fully

when considering Prismalic Layer formation in pearl oysters. Chapter 6.1.18.8.
and Chapter 66.).

Thus in these Superfamities, the Lwo inner lamina of the Lrilaminale outer Shell
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Layer are a product of LatF2., (middle lamina) and apical Groove FIF2. ( inner
Lamina ); the Inner Shell Layer is the Producl of the External Mantle in the
Pallial Region; and the outer calcareous shell layer is produced by LatF1. with
perhaps a contribution from MedF!..

In the Unionoidean /efesunso ambjouus Taylor (1973) lists the shell layers as
consisting of an outer Prismatic Layer of aragonile simple prisms outside two
Nacreous Layers. He then suggests thal the simple aragonite prismatic layer is

the ancestral prismatic condition to the calcitic simple Prismatic Layer of the
Pinnoidea and Pierioidea.

This is disputed.

The aragonite prisms forming the so called "Prismatic Layer” of a cultured pear]
(i.e.. the most medial calcareous layer - here called the Radial layer (Figure ).
precisely to save this confusion). have Organic Matrices indistinguishabie in their
colour reactions Lo all stains used from the Organic Matrices of the Nacreous
Layer of the pearl overlying the Radial Layer. The same is true of the Organic
Matrices of the aragonite Simple Prismalic Layer of Jefesumo amopuus and the
underlying Outer Nacreous Layer. Again the same is true of the Organic Matrices

of aragonitic Myostracal Prisms of the Plerioidea and those of the surrounding
Inner Nacreous Layers,

As seen here the ouler aragonile simple Prismatic Layer in fact invests the
inverted sigmoid part of the inner lamina of the trilaminate Quter Shell Layer
{non-calcareous in Lhis species) for a short distance on either side, while its own
internal organic matrices are shown by staining affinities Lo be closely allied to
those of the Outer Nacreous Layer.

In conclusion it is here held that the simple aragonite Prismatic Layer of
Vambguus s Lo be regarded as a varianl of the underlying Nacreous lLayer

generated by the effecl of the presence of the Inner Lamina of the Trilaminale
Outer Shell Layer.

it 15 hence here held Lhat the aragonile Ouler Nacreous Layer including ils locally
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altered outer aragonile prism layer is secreted perhaps entirely by LatF1. bul

perhaps with some elements from distal MedF1. inside the recurving Trilaminate
Quter Layer which is produced in Groove FIF2..

In the nuculeideans Aucula superéa and Awewls sp. the ouler nacreous layer is
physically distinct in the acid decalcified shell from the Composile Prismatic
Layer laterally, and the Inner Nacreous Layer medially, and indisputably produced
by "F1”. and Groove "FIF2". {here reduced to a notch) as the immature overlying
Composite Prismatic Layer (Taylor. 1973) permanently occupies Groove “F2F3",
throughout the life of the animal. and the medial "Inner Nacreous Layer” is
produced by the adjacent External Pallial Mantle.

Similarly in the Mytiloidea the matter is beyond dispute. The Organic Malrices of
the Inner Nacreous Layer. while accurately reflecting the staining affinities of the
Organic Matrices of the Outer Nacreous Layer. have a quile distincl morphology
from those of the latler and terminale abruptly at the Pallial Line. The part of
the Quier Nacreous Layer which projects beyond the Pallial Line. and hence forms
the Outer Surface of the Extra-pallial Space. is coextensive with LatF1. There is
no sign of any secrelion generaled by any tissue of the Mantle Margin medial to
the terminus of F1. which stains blue with any stain used - in facl the Outer
Shell Layer which in the mytilids studied was in each case a complex trilaminate
layer has its medial lamina added at distal MedF1. and terminal F1.

6.1.18.74 ]ndirect negalive evidence supporting F1. as the source of the

Organic Malrices of the Outer Nacreous Layer of the Plerioidea.

Nowhere throughout the Bivalvia has any part of a Shell Layer which stains other
than blue with any of the stains used been seen to be generated or lkely to be
generaled by LatFl. - with one clear exception. The mytitid Aotwiopa siticuss
infre has, like the olher mylilids an ornale trilaminate outer Shejl Layer outside
two nacreous layers. However at Lhe anlerior and posterior lerminals of this
bullet shaped cora) boring bivalve a sheel of the inner lamina of the trilaminale
outer shell layer is recurved al regular intervals so thal the anterior and
posterior parts of the shell display interleaving sheels of Outer Nacreous Layer

and sheets of the recurved parl of the Inner Lamina of the Outer Layer. From
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the relationship of tissue to Shell Layer it appears beyond dispute in this animal
that this part of the inner lamina of the Outer Shell Layer as well as the
interleaving sheets of Outer Nacreous Layer has its source in the Lateral surface
of F1. This is the only instance where credible evidence has been seen in this
study that one tissue may take part alternately in the production of two Shell
Layers with fundamentally different staining affinities. (The alternaling Organic
Matrices produced by LatFi. of Casirochaena cuneiformis are morphologically
different but stain similarly). Because of Lhis a role for the Mantle Edge Gland in
Prismatic Layer formation in the Pterioidea in some task aligned to ils simple
histological structure - e.g.. the production of the Inner Fibrous Sheath - is not

totally ruled oul. However no evidence whatever of any such aclivity has ever
been discerned in this study.

6.1.18.8.  The Source of the Organic Malrix Precursors of the Prismatic
Layer.

- As with the Outer Nacreous Layer. the evidence for the source of the precursors

of the Prismatic Layer Scleroprotein Organic Matrices is both direct and indirecl
and positive and negative.

6.1.18.8.1. Direct posilive evidence for the source of the scleroprotein
precursors from which the Prismatic Layer Organic Matrices are
synthesised. ‘

1. Massed secrelory glands which secrete into individual Receptacle Glands in the
surface epithelium are a feature of the subepithelium of Proximal LatF2. of all
Finelada studied with the single exceplion of some localions on the periphery of
Frctada maxima  which have an alternalive arrangement at lhal locus of
elongate columnar epilhelium between which Lhe subepithelial Glands discharge.
The resullanl secretions stain, as do a majority of the granules in Lhe
subepithelial secrelory glands themselves. amber with Mallorys and red with Azan.

(Very few cytoplasmic granules whether before or aller Lheir seerelion. stain
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yellow with MSB or AB/MSB.). That is. these secrelory glands. and more
importantly their secretions. have similar staining affinities lo the scleroproteins
of most structures forming the Organic Matrices of decalcified Prismatic Layer.

No other mature secretory product of any part of the External Mantle or Mantle
Margin has the same staining affinities. with the stains used. as do the greater
part of the scleroproteins of the Prismatic Layer.

2. What are unmistakably forming Outer Prismatic End Plales and their
association with forming Transverse Parallel Side Wall Prismatic Layer Organic

Matrix have been seen infrequently inside Lhe Plealed Secretion of Groove F1F2.
between it and Middie LatF2.

3. The proximal limit of the distorted spindle structure which describes a Growth
Scale in radial section is commonly a finely tapered structure which, after
further deposition of Nacreous Layer. comes to lie between iwo lots of Nacre
Sheets.  Proximal to where the Growlh Scale becomes continuous there are
commonly seen intermittent depositions of Prismatic Layer material. Where
folding In an acid decalcified shell resulied in a slanting section through this
"pre-prismalic layer” material the result was material with the same general size
and the same staming atlributes as malerial seen forming from granular
secreled malerial between the Plealed Secretion and the Lateral surface of F2. in

another pearl oyster. (baggnomon ephipprum, Figure 5352, b and c. and ez
avicu/aFigure 5149, ¢ and d).

6.1.18.82. Direct Negalive Evidence that LalF2 MedF2. and LatF3. of the

Pterioidea are the Source of the Precursors of their Prismatic
Layers.

No evidence has ever been sighled by this author for a proposed function for the
complex. and accuralely replicated from species to species. secretory structures
of LalF2. MedF2 and LaiF3. in the Aiclads nor the equivaleni lissues in these
localions in the Alersa, lsognomon, Halleus or Pina.
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No vestige of a piece of secretion or secreted material which could have any
function attributed to it olher than formation of the Organic Matrices of
Prismatic Layer has ever been observed in these locations.

6.1.18.8.3. Indirect Positive Evidence.

I. Unmistakably the outer Composite Prismatic Layer of Awew/s superta and
Mucwta sp. are produced by the Secretory epithelium and associated
subepithehal Secretory Glands of Med"FR". and Lat"F3" .

2. Similarly the middle lamina of the trilaminate non-calcarecus layer outside
the outer of the lwo calcareous layers in the Limopsoidea and Arcoidea stains.
as do the Organic Matrices of most structures of the Prismatic Layer of pearl
oysters, amber and red with Mallorys and Azan respectively. This middle lamina of
the Ouler Sheil Layer is produced by the Secretory Structures of Proximal LatF2.
and recurves around Terminal F1. Thus the most lateral lamina of the Ouler
Shell Layer of ihe species of these Superfamilies, which is refractory to staining.
is necessarily generated by tissues belween Proxima! LatF2 and Distal LatF3.
Similarly in some members of the Veneroidea and Carditoidea and

Gastrochaenoidea the ouler Shell Layer is produced by the secretory strucutres
of Folds F2. and FJ..

6.1.18.84. Indirect Negative Evidence.

Where the precursors of ail Shell Layers are unmistakably accounted for lateral
to the apex of Groove FIF2. there is either a reduction of F3. coupled with lack of
differentiation and development of secrelory structures of LalF2. and MedF2. or

development of these lissues {or some purpose other than shell production.

In the Corbiculoidea, Mactroidea. Solenoidea and Tellinoidea where the outer
Shell Layer. whether calcareous as in Lhe Tellinoidea or non-calcareous as in the
remainder, is produced unmistakably by structures of Apical Groove FIF2. and

those lateral Lo Lhis, and the forming Orgame Malrices of the Outer Shell Layer
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recurve around Terminal 1. the Mantle Margin is reduced o two folds - F3. does

not exist and LatF2. and MedF2. have little apparent secretory function.

In the unionoidean /elesunio ambppuus  Fold F3. is reduced physically and
apparently devoid of specialised secretory strucutres. Proximal LatF2. may make
a small contribution to the outer surface of the forming outer lamina of the
Trilaminate outer layer. but this is uncertain.

In the mytiloidean 7Zwesompa firsuta the ornate secretory developments of F2,
and F3. and the appearance of the parenchyma of these folds as inflatable
tissues, (like F3. in the Ancsada they are spongiform with internally discharging
secrelory glands). togelher with the fact thal the secretions of the surface
secretory structures are shades of pink. red and purple with all stains used. all
tend to suggest that these are structures associated with the production of the
outer Shell Layer protrusions from which the specific name derives. The highly
differentialed and ornate secretory structures of Fold F2. and F3. of the rock-
boring mylilids Zihophags leres and Folulops silculs infre  appear to be
associated with acid secrelion as a rock boring mechanism and the protective
neutralisation of these secretions and not to be associated with shell production.
The mechanisms of production of the shells and more accurately of the Shell
Layers in the Anomioidea and Pectinoidea have not been clarified by this study.
The matter is inherently difficull for the same reasons that the Plerioidea
presented a problem - lack of obvicus enclosed spaces for production of
precursors of the different Shell Organic Matrices. Here the matter is further
complicated by the development of eyes and other sense organs on the

multilobate F2. To pursue the malter further was outside the scope of Lhis
sludy.

N. Paspaley and D. Jackson (pers. comm ). have each independantly described the
following sequence of evenls in pearl oysters on the ocean floor (Figure 650 :-

LA pearl oysler with ils valves gaping had the periphery of ils righi and left F3.
joined in the midline with the outer surface of the Mantle Margin covered with

seereled materal

&.The night and lefl I'S. peripheries were then withdrawn from each other al fairly
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regular intervals around the periphery while remaining touching in between, thus
forming the shapes of the Growlh Processes.

3.The Manlles were then parted but the crenulated shape resulting from partial
parting was maintained.



220

FI1.F2.F3.F2.F1.
h ]“ £ H"

F2.Fl.

Prismatic
Layer
Growth

Prcesses

F1.F2.F3.F2.F1.

F3. touch in
centre

& new Growth

Scale secreted

by LatF2. MedF2.

) & LatFa. |

e
R

g
-
" F3..

. intermittently
retracted to form
Growth Processes

F3.
new
Growth Scales
FE;
positioned F1
Usntral Viaw Sagittal View Of Radial Section

FIGURE 6.50. Diagrammatic represenlalion of formation of Growlh Scale and
Growth Processes in Actads,
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To finish the process of production of the organic matrices of a Growth
Scale it would then only require that the Mantle Margin placed the ready-formed
Growth Scale into posilion on the medial periphery of the extant shell. The

process of sclerification may then be enzymatically completed when the Crowth
Scale is in position, (Waite,1983).

The Quter Composile Prism Layer of Mucusa superdais fashioned in Groove
FEF3. It abruplly changes slaining affinilies and merphology at the distal
terminus of the Groove. This suggests that some final process of sclerification in
this species is dependant on exposure to sea waler and the same may be {rue in
other species. Hence final sclerification of the Prismatic Layer Organic Matrices

may also be hastened by exposure to sea water.

That some such as the sequence of events described by Paspaley and
Jackson is indeed the process whereby Prismatic Layer Growth Processes are
formed is made cerlain by the shape of the prisms near the sides of Growth
Processes. While on all other surfaces they are irregularly polygonal with non-
parallel sides. near the edge of the Growth Processes they are constrained to
form parallelograms in the same way as if hexagonal chicken wire is stretched in
one direction. The partial withdrawal of the right and left F3 peripheries must
therefore be limed to occur while the scleroproteins are still sufficientlv plastic

for this distortion effect to occur, ( Apetads 5p.2 5.133.f and & Finclads sp. /,
9133, h and i),

Hypotheses concerning Prismatic layer formation must take account of
other evidence: -

Firstly. the Outer Fibrous Sheath is structurally different from the Inner Fibrous
Sheath.

Secondly. the Outer Fibrous Sheath covers all lateral surfaces of the Prismatic
Layer and Growth Processes - the Inner Fibroous Sheath is confined Lo the

medial surfaces of Groth Processes and Lhe distal medial peripheries of Growth
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Scales.

Thirdly. the relative number of relatively very small Prisms increases going
distally.

Fourthly. the position of the underlying Major Prisms of a Major Prism Layer and
that of Llhe prisms of a Growth Process is relaled to the struclure of ihe
overlying Outer Fibrous Sheath. Evidence for this is -

I. Thal in some species the Outer Fibrous Sheath has transverse fibres in

patterns which quite accurately overlie the cenires of the Outer Prismatic End
Plates underneath them.

2. In other species where there are no patterns of transverse fibres, there is
often a pattern of increasing and decreasing intervals between the surface

“fibres” which again accurately indicates the position of Lhe underlying prisms.

3. Thal in an instance where the laleral end of Major Prisms in one location had
smaller cross-sectional area than the same prisms had more medially, the
prisms were positioned such thal the more medial parts of the prisms were

norm! for that species as 1o size and shape and relative positions.

Only two explanations of these phenomena are readily obvious. Either the
Outer Fibrous Sheath i some way marks the proper location of an underlying
prism which is subsequenlly buill in the right place. or the underlying secretory
tissues remain stalic wilh respect to their secretory products while they at first
generate the Outer Fibrous Sheath and then the Outer Prismatic fnd Plate and

perhaps some or all of the rest of the organic matrices of the prism.

Whatever view is taken of this last. the following seems beyond dispute.
Firstly. the Ouler Fibrous Sheath of the Prismatic Layer in pearl shells 1s
gencrated with whal is its final laleral surface laleral - ie. unlike the outer

non-caleareous shell layers in many olher bivalves it is nol Lturned inside out by
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recurving around Terminal F1.

Secondly. since neither the Outer Fibrous Sheath nor the Inner Fibrous
Sheath is morphologically compatiable with the Pleated Secretion of Groove F1F2.
it would appear certain that this laller plays no part as Prismatic Layer organic
matrix, the production of which is probably accomplished by the secretory
activities of. especially, LatF2.. MedF2. and LatF3. (with the possible exception of

the Inner Fibrous Sheath which may derive From LatFl.. This will be discussed
further below. Chapter 6.6).

In summary. in bivalves in general. the forming surface of each shell Layer
is confined in an enclosed space with the secretory tissue which generates it -
either in a Pallial Space. an Extrapallial Space a Marginal Mantle Groove or some
such. In pear| oysters. where lhere is neilher junction at the Pallia) Line nor
peripheral junclion of Mantle to shell. it seems Lhat the Distal Folded Epithelium
can form a moveable ouler boundary to the Pallial Space resulting in a somewhat
indeterminate demarcation between the secreted precursors of the Organic
Matrices of the Inner Nacreous Layer and those of the Outer Nacreous Layer; and
the Plealed Secretion of Groove FIF2. forms a physical division belween the
secreted precursors of the Outer Nacreous Layer and those of at least the greater

part of the Prismatic Layer.

No evidence is available from this work to decide between the Mantle Edge
Gland and Distal LlaiF3. as the source of the Inner Fibrous Shealh of the

Prismatic Layer except that the secretions seen on LatFl. stain differently from
the Inner Fibrous Sheath in most instances.

Staining affinities suggest thal the Light Blue Glands of Middle LaiF2. may
be one of the Sources of the intraprismatic Organic Malrix. and if this is so.
perhaps also of the Releform Interprismatic Organic Matrix and Linear sSruclure

Interprismatic Organic Malrix which may be similar chemically
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CHAPTER 6.2
DISCUSSION (Continued).

NACREOUS LAYERS IN THE PTERIOIDEA.
INDEX

6.2.1. The Two Nacreous Layers in Lhe Plerioidea. Unionoidea. Mytiloidea and
Nuculoidea.

6.22. lli-defined Boundary Between Inner Nacreous Layer and OQuter
Nacreous Layer in the Plerioidea and fundamental
similarities in the two layers.

6.23. Colour Differences Between Inner and Outer Nacreous Layers in the

Pterioidea,

6.2.4. Morphological Differences Between Inner and Quter Nacreous Layers
under S.EM. in the Pterioidea.
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CHAPTER 6 (2)
NACREQUS LAYERS IN THE PTERIOIDEA

6.2.1. The inner two Shell Layers of the Unionoidea, Pterioidea, Myliloidea and
Nuculoidea are Nacreous Layers (Taylor. 1973). In lhe Pterioidea these
Nacreous layers are not formed in discrete compartments as in the Unionoidea.
Mytiloidea and Nuculoidea (Figures 5.3. 5.8 and 54 respectively) nor are they
distinctly morphologically different as in the Unionoidea or Mytilcidea (Figures

5.1 and 5.7 respectively). nor do they separate with acid decalcification as in the
Nuculoidea (Figure 5.)

6.2.2. Two factors militate against a clearly discernable boundary between the
Inner Nacreous Layer and the Outer Nacreous Layer in the Pterioidea. Firstly,
the intrinsic morphology of the two layers is essentially similar. and secondly. the
tissue sources of the Organic Malrices of the two layers are freely mobile n the
vicinity of the junction of the two layers. Considering the first of these, both
Nacreous layers in the Pterioidea are composed of Nacre Sheels which
themselves are composed of Nacre Tiles surrounded by Organic Matrix.

a

L
L\l'llbl [ b

Figure 6.51. Schemalic diagram of twelve Nacre Tiles in three Nacre Sheets. The
Nacreous Organic Malrix belween the Nacre Sheets. (a). is chemically different
from thal between the Nacre Tiles in any one Nacre Sheel.(b). This is the basic
geometry of both Inner and OQuter Nacreous Layers.

Viewed medially. the medial surface of each Nacreous Layer presents
under LM or S.EM as a surface with linear palierns not unlike fingerprints; ie..

patterns which alter from place lo place of straighi, curved or anastomosing
lines.
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These lines are the edges of Nacre Sheets which, irrespective of the type of
pattern they form. or the Nacreous Layer, are invariably so disposed that the
next more lateral Nacre Sheel is more exiensive in every visible surface

dimension than the sheel more medial to il

l\l

Figure 6.52. Concentric circular pattern of edges of Nacre Sheets of the Inner
Nacreous Layer on left and parallel linear pattern of Outer Nacreous Layer on
right. (repeat of part of Figure 2.9).

The radial broken face of the Nacreous Layers in the Pterioidea again shows no
discontinuily {used in the geological sense) between the two layers. Moreover,
stair palterns between Nacre Tiles in successive Nacre Sheets are the norm in
both Nacreous Layers {Figures 5.29. d, 5.21, ¢).

6.2.3. Despite the above, as the common names of Gold Lip Pearl Oyster for one
variety of Anelada maxima and Black lip Pearl Oyster for Zmarcaritifera
imply. there are clear differences between the Inner Nacreous Layer and OQuter
Nacreous Layer in the Pterioidea. As well as the above, the difference is probably
most marked in Aera penguin where the Outer Nacreous Layer is noticeably
more easily fractured than the Inner Nacreous Layer and the former is an

opalescent bronze colour and the latter a milky white.

6.2.4. Under SEM the two Nacreous Layers in the Plerioidea are quite distinet.
For the entire Ventral and most of the Posterior medial surface of the Outer
Nacreous Layer the patlern of the Nacre Sheet edges closely approaches evenly
and closely spaced parallel straight lines which are parallel to the adjacent
Nacreo-prismatic Junction. (Figures 520 and 524). The adjacent pattern of
Nacre Sheel edges on the medial surface of the Inner Nacreous Layer is of more
widely spaced parallel straight line and curvilinear patterns. (Figure 5.19). Al
the dorsal half of the Anterior medial surface of the Outer Nacreous Layer Lhe
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pattern of the Nacre Sheet Edges is of gently scalloped finely spaced near-

parallel lines. The medial surface of the adjacent Inner Nacreous Layer shows a
patiern of crooked anastomosing and discontinuous edges to Nacre Sheets
characteristic of this region (Figures 5.89 and 5.90).

In some species eg.. Awclada marima, Flucala and Flera penguin the Nacre
Tiles n the Outer Nacreous Layer are similar in habil Lo those of the adjacent
Pallia] Nacre of the Inner Nacreous Layer. but this is not the case in other
species. Though the same habil. the Outer Nacreous Layer Nacre Tiles of
Fnclada maxima are noliceably smaller than the Nacre Tiles of the adjacent
Inner Nacreous Layer Pallial Nacre (Figures 5.19 and 520). In APmarearititera
the Nacre Tiles of the Inner Nacreous Layer have a diamond shaped habit and
those of the Outer Nacreous Layer a truncated diamond shaped habil (Figures
.89 and 5.90). In Ancleds sp. 7 and Anclada sp. 7 the extended hexagon habit
of the Inner Nacreous Layer Nacre Tiles is replaced by the regular hexagon habit
of those of the Quter Nacreous Layer (Figure 5.131). The reverse is true of the
habit of the Nacre Tiles in Anectadz sp. & {Figure 5.133). In Auclada sp. 4 the
regular hexagonal habit of the Nacre Tiles of the Inner Nacreous Layer is replaced

by the truncated diamond shapes of the Nacre Tiles in the Quter Nacreous Layer.

Thus colouration of the Outer Nacreous Layer in some species. the changes in
Nacre Tiles habil between Inner and Outer Nacreous Layer in others. and the

pallerns of Nacre Sheel Edges distinguish the Outer Nacreous Layer from the
Inner Nacreous Layer in the Plericidea studied.

The colouration of the Outer Nacreous layer in Amclads marsaritifera  is
exploited in the production of so called black pearls in some Islands of the South
Pacific. {Fougerouse-Tsing and Herbaut. 1994).
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CHAPTER 6 (3).
DISCUSSION (Continued)
THE INNER NACREOUS LAYER AND THE ADJACENT EXTERNAL MANTLE
[N THE PTERIACEA.

6.3.1. The Inner Nacreous Layer in Lhe Pleriacea covers Lhe entire medial
surface of the Valve except for thal covered by the Hinge. and lhe Adductor
Muscle Scar. and peripherally. the Ouler Nacreous Layer and the medial surface
of the lasl produced Growlh Scale.

Inner Nacreous
Layer

Inner Nacreous 4
Layer

Outer Nacrous
Layer

Prismatic Layer

FIGURE 6.53 Schemalic Diagram of medial surface of lefl Valve of young adult
Finclads mavima on lefl and radial seclion through a similar valve on right
showing spalial relationships of Inner Nacreous Layer. Outer Nacreous Layer and
Prismalie Layer

6.3.2. The palterns of the edges of Nacre Sheels on lthe medial surface of Lhe
Inner Nacreous Layer are very similar in similar Regions nol only within a species
but also within the Genus Amelack and. lo a cerlain extenl Lhroughoul Lhe
Genera of the Plerioidea

The Shoulder Region of the Inner Nacreous layer is characterized medially by
prominent and relalively frequent and extensive pallerns of edges of Nacre
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Sheets forming concenlric circles and less {requently spirals. with intervening
areas of curvilinear and parallel linear patterns (Figures 5.13, 5.14, 5.85 and
5.86).

The Pallial Gland Region Inner Nacreous Layer medial surface in the Pterioidea

displays usually elongale ovoid patterns or strongly curved patterns (Figures 5.15.
587 and 5.131).

Generalily speaking. the Inner Nacreous Layer medial surface patterns of edges of
Nacre Sheets gradually become less curved with fewer anastomoses. and more
closely approximale the paralle] linear pattern of the OQuter Nacreous Layer going
ventrally and posteriorly from the Adductor Muscle Scar. (Figures 5.13 - 5.23).
Conversely the Anterior Proximal and Anterior Middle Pallial Nacre usually shows

a confused paltern of bent. anastomosing. crooked and discontinucus edges to
Nacre Sheets (Figures 5.25 - 5.28).

Figure 8.54. Typical Azclads Inner Nacreous Layer patierns of edges of Nacre
Sheets found al the indicated localions. | = Shoulder Region near Hinge. 2 =

Pallial Gland Region. 3 = Anterior Middle Pailial Region. 4 = Ventral Middle Pallial
Region. 5 = Posterior Middle Pallial Region.

An exception Lo the above general picture are superimposed tightly recurved
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tongues of Nacre Sheets projecting from the Pallial Gland Region ventrally and
the Shoulder Region anteriorly and posteriorly (Figure 5.18,b and 5.28.b).

6.3.3. The edges of the Nacre Sheets represent the extent in that direction of the
Nacre Tiles which lie within the fully formed Nacreous Organic Matrices of a Nacre
Sheet. Beyond the edge of all Nacre Sheets are Nacre Tiles whose dimensions are
comparable {o those fully bound in the Nacre Sheels bul are partially free of the
Nacre Sheet Organic Malrices. Further away from the edge of the Nacre Sheet
are Nacre Tiles which are located on the medial surface of the next most lateral
Nacre Sheet, whose dimenesions diminish with distance from Lhe ege of the Nacre
Sheet. These free Nacre Tiles are not incorporated into the Organic Matrices of
the Nacre Sheet although they appear to be enclosed in their own Organic Matrix.
The partly bound and free Nacre Tiles are invariably more perfect specimens of

the geomelric shape to which they and the bound Nacre Tiles tend than are the
latter (Figures 5.126.c and 5.126.k).

Figure 6.55. The black Nacre Sheet overlies the blue Nacre Sheet, (ie. is medial Lo
it). Medial and sagitlal views of two successive Nacre Sheets. The partly bound
Nacre Tiles (a.al) are about the same surface area as the adjacent bound Nacre
Tiles {b.b1) but more perfect examples of the geometric shape to which they both
tend, as are the free Nacre Tiles (f). These diminish in size with distance from the
bound edge of the Nacre Sheet and usually don't occur beyond aboul half way

belween successive edges of Nacre Sheets.

> - E e
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6.3.4. In all species of the Plerioidea studied, the habit of the Nacre Tiles of the

Inner Nacreous Layer was the same for members of the same species but in some
cases differed from species lo species. Thus while all other members of the
Finelada studied had Nacre Tiles in their Inner Nacreous Layers which tended to
regular hexagons or 1o extended hexagons. the Inner Nacreous Layer of 2
margaritifera  studied here had diamond shaped Nacre Tiles in the Inner
Nacreous layer as had Alerma pengzurn and fsasnomon ephipprum. 1L is not
known whether these shapes of Nacre Tiles are species specific from all areas

under all conditions of normal nacre formation.

6.3.2. All Nacre Tiles forming parl of any one pattern of edges of Nacre Sheets
tend to not only the same size but the same orientation of the axes of their
geometric shape-lo the edge of Ltheir Nacre Sheet. The orientation lo the edge of

the Nacre Sheel is usally the same whether the Nacre Tiles are free or bound.
How this eventuatles is not understood.
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Figure 6.56. Medial view of Inner Nacreous Layers of different pearl oysters. Five
different geometric forms of Nacre Tiles showing constancy of orientalion of
geomelric axes to the direction of edge of the Nacre Sheets of both bound and

free Nacre Tiles in each locus. This angle of orientalion may vary from locus to
locus even on the one valve.



This contrasts dramatically with the exlensive spread of free Nacre Tiles over
aboul 35 um in width between Lhe widely spaced lightly recurved edges of Nacre
Sheels in the nearby Middle Pallial Region (Inner Nacreous Layer). ( Zeladz sp.].
Here Lhe Free Nacre Tiles occur on aboul Lhe mosl proximal len. (going radially),
of Lthe medially visible Nacre Tiles of the underlying Nacre Sheel.

Similarly, where at the peripheral Nacreo-prismatic Junclion the parlly bound
and free Nacre Tiles lie in the grooves belween the medial ends of Major Prisms
of the Prismalic Layer. the size of the [ree Nacre Tiles decreases with distance
along the junctions of Lhe Major Prisms from Lhe bound edge of the most laleral
Nacre Sheel. These phenomena will be discussed durther in Chapler 6.5.

Figure 658. Peripheral Nacreo-prismatic Junction. Second mosl lateral Nacre
Sheel of Ouler Nacreous Layer (a) medially overlies most lateral Nacre Sheet (b)
Partly bound and free Nacre Tiles of Lhe laller lie in the grooves between Lhe
medial ends of Major Prisms of the Prismalic Layer(c). Size of free Nacre Tiles
decreases with distance along the Grooves from Lhe edge of the Nacre Sheel
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6.3.6. The sizes of bound and partly bound Nacre Tiles of Inner Nacreous Layer
may remain fairly constant throughout the Regions and patterns of edges of

Nacre Sheels of one specimen or may. as in some Awclads maxima decrease in
size from the Hinge to the periphery.

6.3.7. The Shoulder Region of the Exlernal Mantle and the Pallia) Gland Region are
both host to massive subepithelial glandular structures consisting of Trabecular
Turquoise Glands and Granular Cytoplasm Secrelory Glands. Although opposed to
only aboul one fifth of the medial surface of the Inner Nacreous Layer in an adult
pearl oyster the volume of subepithelial glandular tissue in lhese iwo areas is far
greater than the combined total of that from all the remaining External Mantle.
It is opposite these two Regions of the External Mantle that the econcentric
circular, large spiral and strongly recurved patierns of edges of Nacre Sheels are

most commonly found. The significance of this will be discussed in Chapier 6.5.

6.3.8. The Shoulder Gland of the External Manlle is a fairly tighlly packed mass
of subepithelial glands whose lateral limils define the limits of the Shoulder Area.
Beneath the surface epithelium and the subepithelial fibrous connective tissue,
the space is largely occupied by the cell bodies of large Trabecular Turquoise
Glands, and. deep to Lhis. a mass of Granular Cytoplasm Secrelory Glands.

6.3.9. The glands of the Pallial Gland are similar to those of the Shoulder Gland
but the glandular structure of fibrous connective tissue is quile different. The
funclional significance of this is nol clear. it may be related Lo the fact that the
Shoulder Gland is fixed in position between the Isthmus and the Valve/Adductor
Muscle junction, whereas the Pallial Gland is located on the free Mantle beyond
the Adductor Muscle. or may be related to diiferences in secretory function,
6.3.10. The External Mantie of the Proximal Palljal Region. whether Anterior,
Ventral or Posterior. is relalively poorly supplied wilh any secretory glands
especially subepithelial Granular Cyloplasm Secretory Glands. The prevalence of
all species of unicellular glands whether Trabecular Turquoise Glands or Granular
Cyloplasm Secretory Glands increases going distally from the Proximal Pallial
Region Lo Lhe Distal Pallial Region anleriorly, ventrally and posleriorly. This is m

inverse relationship Lo the degree of curvature generally seen in Lhe opposing
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patlerns of edges of Nacre Sheets in these Regions. The signifigance of this will
be discussed further in Chapter 6.5.

6.3.11. The Nacreous Layer Organic Matrices residual following acid decalcification
in all species of the Pterioidea sludied, stain purple with Mallorys, pale mauve
with M.5.B. deep blue with Azan and turquoise with A.B./M.SB. On Lhe surfaces of
the External Mantle of all species studied there are secretions which stain in
accord with the staining affinities of the Nacreous Layer Organic Matrices of acid
decalcified shell. The grealer parl of the sheets of secretion where these are
formed can be seen emanating from the Trabecular Turquoise Glands. and Lhese
glands seen under TEM. have a cytoplasm which consists largely of sheets of
material. Under LM. and T.EM. these sheets of secretion from the Trabecular

Turquoise Glands often have granules from the associated Granular cyioplasm
Secretory Glands between them.

The entire surface of the External Manile of ail members of the Pterioidea
studied is covered with apical microvilli which form vesicular enlargements at
their distal ends. These bud off to form secreted vesicles. Above various tissues

these vesicles at times form a secreted sheel but its function is nol known.

As above, the cytoplasm of the Trabecular Turquoise Glands is refractory to all
stains used with the exception of AB./M.SB.. It thus appears that the acid-
mucopolysaccharide secrelions of the Turquoise Glands after admixture with the
secretions of the Granular Cytoplasm Secretory Glands. and possibly also the
vesiculale secrelion from the apical microvilli of the surface epithelium. form the
scleroproleins of the Inner Nacreous layer. That is that. for example with
Mallory's ~ Trichrome. the non-slaining secretions of the acid-
mucopolysaccharides from the Trabecular Turquoise Glands plus the magenta,
purple. red and yellow staining granules secreted from the Granular Cytoplasm

Secrelory Glands with perhaps Lhe addition of the vesiculate secretion frem Lhe

surface epilhelium apical microvilli, generates scleroproteins, (presumably

glycoproteins). which stan purple with Mallory's, {and pale mauve with M SB.
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Royal Blue with Azan. biue with Steedman's and still Turquoise with A.B./M.S.B.) as

do the scleroproteins of the Inner Nacreous Layer Organic Matrices.

The morphologies of the Inner Nacreous Layer Organic Matrices will be discussed
further in Chapter 6.5..
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OUTER NACREOUS LAYER ORGANIC MATRIX MORPHOLOGY AND THE MANTLE
FROM THE DISTAL FOLDED REGION TO APICAL GROOVE F1.F2. IN THE A#C7444
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570

6.4.1. As previously. in the Awciada the Ouler Nacreous Shell Layer lies between
the Inner Nacreous Layer and the Prismalic layer for most of its exient. forming
the medial surface of the Valve for a relalively shorl distance proximal to the
peripheral Nacreo- prismalic Junction, (Figures 5.20 and 5.87).

6.4.2. On the medial surface. the edges of the Nacre Sheels of the Outer Nacreous
Layer are arranged in a gently scalloped pallern anteriorly. and as closely spaced
parallel line patlerns venlrally and posteriorly. These parallel Jine patlerns are

about parallel Lo the adjacent Nacreo-prismatic Junclion.

f Q

dorso-anterior

posterior

m—
e
———

ventral

Figure 6.57. Schematic diagram of patterns of edges of Nacre Sheels of the Outer
Nacreous layer at the Dorso-anterior, Ventral and Posterior margins of the valve
of a pearl oysler. Genus Fwelads.

6.4.3. In common with all patlerns of edges of Nacre Sheels the parallel linear
pallerns of the Quter Nacreous Layer have both partly bound and free Nacre Tiles
which accurately display a structural habil lended to by the adjaceni bound
Nacre Tiles. Furlher. the free Nacre Tiles which rapidly decrease in size wilh
radial distance from the edge of the Nacre Sheet. are positioned on the junctions
of the underlying Nacre Tiles over aboul the proximal half of the dislance
between the edges of the Nacre Sheels. Thus where these edges are about four
Nacre Tiles aparl in the Quler Nacreous Layer almost all the free Nacre Tiles

occur on the two most proximal visible Nacre Tiles of the underlying Nacre Sheel.
( Pinctads sp. 7 Plale 8).
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644 Wheras in some species ¢.g.. Fmasima, Plucala and Flera penguin Nacre
Tiles m Lhe Ouler Nacreous Layer are similar in habil lo lhose of the Pallial
Nacre of the Inner Nacreous Layer. Lhis s nol so in olher species. In Awetads
margaritifera  he Nacre Tiles of the Inner Nacreous layer have a diamond
shaped habit and Lhose of the Outer Nacreous Layer a Lruncaled diamond shaped
habil. In Anctads sp./ he extended hexagons of the Inner Nacreous Layer
change to the regular hexagons of the Culer Nacreous Layer. In Anclads spé
the regular hexagonal habil of the Inner Nacreous Layer is replaced by the
extended hexagonal habil of the Ouler Nacreous Layer and the reverse is true in
Fnclade sp.d In Fincleda sp.4. \he regular hexagons of the Inner Nacreous

Layer are replaced by the iruncated diamond shapes of the Nacre Tiles in the
Outer Nacreous layer.

6.4.5. As previously. the ouler Nacrecus layer of Ancleds marzarilifere s
coloured and the common name of the species - black lip pearl oyster -derives
from thal fact. The cultured pearl indusiry of some South Pacific Islands is
based on the production of so-called black pearls using this species. That part
of the Mantle used for the tissue implant is taken from between ihe Distal Folded

Region and the Mantle Edge Gland, {Fougerouse-Tsing and Herbaut. 1994).

6.4.6. As will be discussed more fully Jaler. (Chapter 6.6.). data presented in this
thesis supports the propositions that the Pleated Secretion of Groove F1F2. of the
Plerioidea is not involved as a structural material in Shell Layer Formation. but
acls as an exltensible physical barrier between the products of the secretory
tissues and glands laleral o il and those medial Lo il. Since what is thought to
be forming Nacreous Organic Matrix has been observed under LM and T.EM in one
species of Anclads ( Pipclads sp. 2 Figures 5135 and 5.136) covering Lhe LatF1.
in the folds of the Dislal Folded Regions and the proximal pari of F1.. as well as
between MedFl. and the Plealed Secrelion of Groove FIF2.. the tissue sources of
the precursors of the Organic Matrices of the Ouler Nacreous layer are Lherefore
likely Lo lie between the Dislal Folded Region and Apical Groove FIF2..
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647 As with the elongate columnar epithehum of the Isthmusislic epithelium,
the Turquoise Glands and Granular Cyloplasm Secrelory Glands of {he Shoulder
Region, those of the Pallial Gland Region. Lhose of the Proximal. Middle and Distal
Pallial Regions. the specialised structures of the Apical Groove F1.82. and the
Prismatic Layer Orgamic Matrix secrelory slructures of F2. and Lat¥d. Llhe
secretory slructures of 1 are precise. and while recognisably similar throughout
the Amctada are yel specific to bolh a species and the posilion on the periphery
of Lthe Mantle Margin.

However whereas Lhere 15 litlle doubl re the funclion al leasl in broad culiine of
other areas of the periphery and in most cases of the tissues on ihe various
parls of the periphery. which of the tissues of F1. are engaged in Quter Nacreous
Layer Shell Organic Matrices production are simply not known.

To recapilulate, the Proximal part of LalFl. in lhe Awelads is u folded
epithelium. wilh lower folds than the Disial Folded Epithelium and lacking ils
elaborale sinus syslem but with Trabecular Turquoise Glands and Granular
Cytoplasm Secrelory Glands in the subepithelum. The major histological feature
of the LatF1l. 1s the Mantle Edge Gland. This is an exiensive tissue of elongale
columnar epithelial cells which. via a slightly modified iransitional lissue. are
joined near the Anterior and Posterior Mantle Symphyses wilh the similarly
elongate Isthmusistic Epithelilum. However whereas the funclion of Lhe latler is
in very little doubt (the production of the Hinge). the function of the Mantle Edge
Gland 1n pearl oyster is not known. Depending on the stale of extension or
retraction of the Mantle the Mantle Edge Gland may project beyond the shell
periphery or lie medial to any parl of the shell interior between this and the
Pallial Inner Nacreous Layer. It is commonly seen in TEM lo be covered with a
surface secretion formed al least largely from the terminal microvillous vesicles
of the apical membranes of the Mantle Edge Gland Cells. Whether this secretion
takes part in the formation of the Ouler Nacreous Layer or whether it contributes
to the Inner Fibrous Sheath of the Prismatic Layer or has some other funclion is
nol known. As previously the Manlle Edge Gland has been named as the source

tissue for all the precursors of lthe Organic Malrices of lhe Prismatlic Layer. As
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will be discused further in Chapler 6.6, on morphological grounds alone, such a

complicated funclion for this one cell - iype. highly specialised tissue is

untenable

Ubiquitous throughoul Lhe pearl oyslers in the malrix of Terminal F1. and also
seen here in olher closely relaled superfamilies (e.g the Limopsoidea. Arcoidea
and Ostrecidea) are a very specialised secrelory ce)l with unusual slaining
afhinities - the Ovoid Blue Glands. Again Lheir funclion is unknown. Similarly the

highly specialised Distal Diffuse Gland of the matrix of Terminal Fl. in the
Fnctada s of unknown function.

The subepithelial secretory glands of MedFi - Turquoise Glands and Granular
Cytoplasm Secrelory Glands - are presumed lo contribule al least some of the
precursors of the Organic Matrices of the Quler Nacreous Laver since it was
betweeen lhe MedFl. and lhe Plealed Secretion of Groove F1F2. that Nacreous
Layer Organic Matrices were seen forming [Awclecs sp. & Figures 5.135 and
5.136). The Trabecular Turquoise Glands of this location are of the same staining
affinities as those of the External Manlle and different from those of the F2. and
LatF3..

However why there are such different arrays of secretory siructures from place
lo place around the Mantle Margin in the Plerioidea is unknown. The most
distinctly different array of subepithelial glands from those seen over the
remaining four fifths (approx.) of the Mantle Margin. is al the Anlerior periphery,
from the Anlerior Mantle Symphysis lo venlral lo the Byssal Embaymeni. The
adjacent Ouler Nacreous Layer is distinct from the Ouler Nacreous Laver of the
remainder of the shell periphery in that the medial surface shows a paltern of
edges of the Nacre Sheels as in Figures 5.28 and 5.89. whereas lhe remainder of
the periphery demonstrales paralle] linear patlern of edges of Nacre Sheets.
Again whether lhe alleration in subepilhelial Glands of the MedF1. is related to

the alleralion in the patlern of edges of Nacre Sheels in the adjacent Outer
Naereous Layer is not known.

Ubiquitous throughout the Znessds and nearly standard around the periphery of
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the Mantle Margin in radial section 1s the flal plateau - vee shaped gully - flal
plaleau structured Middle MedF1. epithelium bul again s function is nol. known.
If this is a mechamsm to allow for greater extension of Med Fi. compared with
the geomelrically opposed part of LalF] Lhen presumably when this area is fully

extended Distal MedFi. faces laterally, bul Lo whal purpose is unknown,

That the specialised structures of FI. may have funclions unrelated to shell
formation 1s shown by the formation of what appears to be a primitive eye on {he
Ancillary F1. of sagnomon isognomon The failure of predalors and parasiles Lo
more readily atlack the exposed F1. of open and poorly closing pearl oyslers
strongly suggests a chemical deterrent secreled by the Manlle Margin. Again

which secretory structures may be involved in such a function is not known

There 1s no evidence to suggest how F1. may produce the differences seen in the
Outer Nacreous Layer compared with the Inner Nacreous Layer. except that
Fougerouse - Tsing and Herbaut (1994) suggest that the colouration of the Outer
Nacreous Layer of Apclads marzaritifera is produced by pigment glands in the
surface epithelium of Proximal LaiF1. It is possible that the closely spaced
paralle] line patlerns of edges of Nacre Sheets of the OQuler Nacreous Layer may

be as much due to physical causes as to chemical ones, (see Chapter 6.5.).
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CHAPTER 6.5,

FORMATION OF THE ORGANIC MATRIX MORPHOLOGIES IN THE NACREOUS LAYERS or

6.5.1.
6.5.2.

6.9.3.
6.54.

PEARL OYSTERS.
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Nakahara's Descriplion of Formalion of Nacreous Layers in Bivalves.
LM. of Decalcified Nacreous Layers and SEM. of Nacreous Layers in
Pear] Shells.

LM. and TEM. of Manlles and Mantle Margins of Pearl Oyslers.
Formation of Organic matrix morphology by secretory and

Muscular Function of the Tissues of the Mantie and Mantle Margin.
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CHAPTER 6.5.
DISCUSSION (CONTD).
FORMATION OF ORGANIC MATRIX MORPHOLOGIES IN THE NACREOUS LAYERS OF PEARL
SHELLS.

6.5.7. NAKAHARA'S (1991). DESCRIPTION OF NACRE FORMATION IN BIVALVES.

Nakahara, (1991} stales thal two distinel organic structures are involved
in nacre formation m bivalves:  An organic “sheel” which forms paraliel
compartments in lhe Exirapallial flud and an envelope which inlimately
surrounds each growing crystal. He slales thal the sheels are composed of

proteins rich in glycine and alanine while the envelope proleins are rich in
aspartic acid.

Bivalve nacre as described by Nakahara. (1991) and seen in this study
consists of flal sheels of aragonite Nacre Tiles enclosed in organic matrix. On a
radial broken face Lhe aragonite Nacre Tiles present as elongate bricks with the
organic matrices surrounding each brick analogously o the cement of brickwork.
In lateral or medial view the Nacre Sheets appear to be composed of similar sized
irregular polygons which usually tend lo irregular hexagons. diamond shapes or
some other repeated geometric shape. Aragonite belongs to the Orthorhombic
Crystal System and hence apparently hexagonal crystals of Aragonite are
pseudohexagons resulting from twinning. (Rutley,1962).

Nakahara. (1991) in a comparison between Nacre formation in Bivalves and
Gastropods has suggested thal, in bivalves, a Nacre Sheet grows by the small free
Nacre Tiles distal 1o the bound edge of a Nacre Sheet individually Increasing in

size unti] they coalesce as bound Nacre Tiles in a Lthus extended Nacre Sheet.

Before considering this description of Nacre formation. il is proposed 1o
review the evidence seen in this work. The evidence seen in LM. of pear] shell
Nacreous Layers and of the remaining Nacreous Organic Matrices following acid
decalcification, and SEM of pear) shells will be considered first. and then that
from LM and T.EM of Lhe Exlernal Mantles and Mantle Margins of pearl oysters.
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6.02 LM OF DECALCIFIED NACREOUS LAYERS AND S.EM. OF NACREOUS
LAYERS OF PEARL SHELLS.

When shells of Pear] Oyslers are viewed medially under LM or SEM. the nacreous
surface displays pallerns like fingerprints - from strongly curved io nearly

straighl roughly parallel lines. These lines are the edges of successive Nacre
Sheets.

These patlerns are specific lo cerlain regions on pear) oysler valves.

As above. (chapter 6. 3). The Shoulder Regions of the Awclads bear pallerns
composed of concentric circles. and less oflen spiral pallerns. joined by
curvilinear patterns and anastomosing line patterns. (Figures 5.13. a; 5.126, a).
The Pallial Gland Regions of the Ainc/sds display concentric ovoid and eircular
pelerns and less significantly smailish spiral pallerns, again joined by curvilinear
and anastomosing linear patlerns. {Figures 5.87. a; 5.126, b).

On all pear] oyslers going ventrally and posieriorly from the Pallial Gland there is
a gradual gradation from Lhe pallerns of the Pallial Gland Region to the patlerns
of the Distel Veniral and Distal Posterior Pallial Regions. where the Nacre
Patlerns tend lowards those of evenly spaced parallel straight lines.

The Nacre Patterns displayed on the medial surface of the Proximal and Middle
Anterior Paliial Regions are, by comparison wilh lhose of the Veniral and
Posterior Palliai Regions. Lorluous. with bent. curved and relatively straight lines
which are commonly disconlinucus. Nevertheless. the Distal Anlerior Pallial
Region again displays palterns which tend towards that of paralle] straight lines.

The concentric circular patterns of the Shoulder Region and Pallia) Gland Region
represent circular stepped cones wilh the most medial Nacre Sheel in the centre.
This most medial Nacre Sheel usually consists of about twenty or less Nacre Tiles
and thus is aboul four or five Nacre Tiles across. Each more laleral Nacre Sheel
15 usually aboul seven Nacre Tiles wider than the one medial Lo it until the

patlern becomes confused by the proximity of another patlern (e.g.. anolher
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concentric circular pallern. a spiral pallern or a curvilinear paltern). The
distances belween the edges of the Nacre Sheels remain remarkably even
belween the circumferences of each lwo adjacenl Nacre Sheels and belween

successive Nacre Sheels in Lhe one patiern.
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FIGURE 6.59. Parl of the structure of a concenlric circular pattern of edges of
Nacre Sheels typical of the Shoulder Region near the Hinge in all members of the
Fetads. In section through the “centre” of the concenlric patlern, {the twenty
odd Nacre Tiles on the left above). the structure presents as a stepped cone of
which the first four steps, (ie. ihe four most medial Nacre Sheels in such a
structure), are illustrated above. The distance between edges of Nacre Sheels is
remarkably constant for any one pattern of Nacre Sheel edges, (here depicted as
steps seven Nacre Tiles wide) and as in every case in every pearl shell studied.
the free Nacre Tiles decrease in size with distance from the edge of the Nacre

Sheel and occur only on the proximal half of Lhe exposed medial surface of each
successively more lateral Nacre Sheel.

Spiral patterns are again representalive of a stepped conical struclure with a

fundamentally different inlernal geometry. Again lhe surface distance beiween
successive whorls of the spiral is remarkably constant. Outer whorls commonly
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termimate al a right angle joining the whorl Lo one of a sel of parallel Linear

edges of Nacre Sheels.

Curivilinear and parallel straight line pallerns. of their nature. represent flat
step struclures from a comparalively raised area on the medial surface 1o a
lower. or vice versa. Going distally from the prominent thickening of the Pallial
Gland Region o the Ventral or Posterior periphery is the “"going down” direction

of lhe wide flat "stairs” of the curvilinear and paralle] siraight line patlerns of
the Pallial Region.

Curvilinear pallerns may contain anything from a series of tighlly recurved nacre
sheels to more gently curved ones Linear Parallel patlerns where extensive.
usually again have remarkably even dislances belween any two edges of
successive Nacre Sheets, and throughout the patiern.

It is invariably lrue that the partly bound Nacre Tiles approximate in surface
dimensions the adjacent bound Nacre Tiles and the size of Lhe free Nacre Tiles
decreases with dislance from the bound edge of the Nacre Sheet. Also the crystal
habit of the free Nacre Tiles is a more perfect exampie of the habil to which the
adjacen! bound Nacre Tiles tend.

L is also almost invariably lrue that in any given area of medial surface of
Nacreous Layer conlaining both Linear Paralle! Pailerns and Curvilinear patterns
the distances between the successive curvilinear edges of Nacre Sheets is greater
than the dislance belween successive edges of Nacre Sheels in the Linear Parallel
Pattern. Further in any one region of the shell of a pearl oyster the Lighter the
recurving of the curved Nacre Sheets the grealer is the dislance belween
successive Nacre Sheels. and concomitantly. the grealer the distance over which

free Nacre Tiles spread from the bound edge of the Nacre Sheet.

At the peripheral Nacreo-prismatic Junclion the Nacre Tiles in the peripheral
Nacre Sheet maintain the average size of OQuier Nacreous Layer Tiles to lhe edge
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of the Nacre Sheet. Dislal to the edge of the peripheral Nacre Sheel. Nacre Tiles
form a lacework in the grooves around the unshealhed medial ends of the
Prismalic Layer Major Prisms. They are progressively smalier with the distance
they are in the grooves from Lhe bound edge of the Nacre Sheel - nol with radial
distance from Lhe edge of the Nacre Sheel (Figure 6.58).

As far as can be clearly ascertained the small free Nacre Tiles distal Lo the edges
of the Nacre Sheels whether on the medial surface of the Inner or the OQuter
Nacreous Layer invariably or almost invariably are situated at the junction of two

underlying Nacre Tiles in the bound part of the next more lateral Nacre Sheet

Nacre tiles whether they are diamond shaped. regular hexagonal. truncaled
diamond shaped. elongale hexagonal or iruncated orthorhombic in any given
location of the shell of a pearl oysler not only tend Lo the same crystal habit, bul

also tend lo the same orientation of geomelric axes whether they are bound or
free. (Figure 6.56).

Bound Nacre Tiles in a malure Nacre Sheet while tending Lo the crystal habit of
the adjacenl free tiles are distorted into irregularly polygonal shapes with curved
sides and often curved medial and lateral surfaces so that the one Nacre Tile may
vary quite markedly in thickness from place to place.

Given the constraint thal they occur astride the junction of underiying Nacre

Tiles. free Nacre Tiles appear to be randomly scatlered beyond the edge of the
Nacre Sheet.

Partly-bound and bound Nacre Tiles commonly display on their Jateral surface a
shape which appears to be Lhe enclosed shape of a previously free Nacre Tile,

Less commonly Nacre Tiles may display on their laleral surface concave or
convex circular structures (Figures 5.22. d and g; 5.43, b and c).

Despite the lack of regularily of the shape of single Nacre Tiles in a Nacre Sheel
remarkably regular stair Pallerns of Nacre Tiles are seen in successive Nacre
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Sheets in radial seclions. These are so common Lhat they constitute the normal

spalial arrangement of Nacre Tiles on a broken radial surface (Mgure 529, 1 and

d).

In the broken radial surface of a cullured pear) nacreous layer, Nacre Tiles Side

Wall Organic Malrix can be seen to be coplanar Lhrough five successive Nacre
Sheets (Figure 5.43. b).

6.5.3. EXTERNAL MANTLES AND MANTLE MARGINS OF PEARL OYSTERS.
The following qualificalions apply to this assessmeni of ihe part played by

secretory structures of the External Mantle and Mantle Margin of Pear) Oysters:

Firstly. the aclual parts played by the secrelions of any of the tissues in the
formation of Nacreous Organic Malrices range between little known and unknown.
The three major sources of secreled material seen in the Pallial Space of a pear]
oyster are Trabecular Turquoise Glands. Granular Cyloplasm Secretory Glands and
the budded-off vesicles from the swollen dislal exiremities of the microvilli of
the surface epithelial apical membranes. No assessment of Lhe comparative

volumes contributed by the three sources is available from the evidence in this
work.

Secondly. leaving aside the produclion of Hinge and the secretory aclivity of the
Isthmus epithelium. it is assumed. because of the close proximity of the Externa]
Mantle 1o Lhe nacreous surface. that the large molecule secretions of the lissues

of the Exlernal Mantle are exclusively (or all but exclusively.) involved in the
production of Nacreous Organic Matrix.

No such assumplion can be made for the specialised tissues of the Mantle Margin
where sensory and defensive mechanisms are likely as well as shell building
secrelory struculres. A role in protecting the Nacreous Surface from sea waler

when the Mantle Margin is retracled is also envisaged for secretions of lhe Mantle
Margin (Nakahara, 1991).
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Thirdly. there 15 no known basis for the assumplion thal a particular lype of
gland will secrele Shell Organic Malrix precursor(s) al one sile al lhe same rale
as it does al anolher. nor thal differenl species of secrelory glands will provide
Shell Organic Matrix precursors in the ralio of their volumetric abundance. Nor
15 Lhere any basis for an assumption of constancy of rate of secrelion of Shel)

Organic Malrix precursors over any time inlerval from any secrelory struclure or

structlures.

Necessarily this discussion is limited to presence. absence. or relalive abundance

of the various secretory glands and tissues in different loci.

Uniquely amongsl those animals where the relevant lissues were studied, the
pear] oysters and oysters display localised massive conceniralions of Granular
Cytoplasm Secrelory Glands and Trabecular Turquoise Glands in the
subepithelium of the Shoulder Region and the Pallial Gland Region. These
concentrations of Subepithelial Glands m pear] oysters have a glandular volume
which exceeds thal of the entire remainder of the subepithelial glands of the
External Mantle, yel the area of Nacre of the Shoulder Region plus that of the

Pallial Gland Region, in pear] oysters of the Pinclada is liltle more than one fifth
of the medial surface of the Inner Nacreous Layer.

6.54.1f the secrelory activity of the glands is slandard throughout the External
Mantle and all the secretions are used in the production of Nacreous Organic
Malrix then either there must be a higher proporlion of organic matrix to
aragonite in the nacre opposed to the Shoulder Region and Pallia} Gland Region of
the Valve, or there must be relalively more volume of nacre produced in these
Regions than the other Regions, or Shell Organic Malrix Precursors from these

Regions must be transported to other Regions, or some combinalion of these.

No evidence is available from this study on relalive concentrations of Nacreous
Organic Matrices in the various regions of the valve - nor on whetlher over any

given lime scale at any slage in the shell's growth there is more nacre depositied
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in the Shoulder Region plus the Fallial Gland Region than over the remainder of
the Valve.

Whether or nol the evidence scen n Lhis study supports the nolion Lhal Nacreous
Organic Matrix produced in the Shoulder Region and Pallial Gland Region is
transported lo other regions of the Valve depends on Lhe credence placed on
Nakahara's. (1991) description of Bivalve nacre formation on one hand and Lhe
inlerprelalions of lhe evidence presenled here on the olher.

Re Nakahara's {1991) descriplion. it fails to account for most of Lhe phenomena
observed in this study. It explains neither Lhe regularity of the positioning in
successive Nacre Sheets of irregular Nacre Tiles; nor why the Nacre Palterns vary
from place to place yel are broadly consistent in their distribution across
NUIMETrous species.

In fact the only phenomenon seen in this sludy pariially explained by Nakahara's
description is the fact that whereas the “free” Nacre Tiles beyond Lhe edge of a
Nacre Sheel decrease in size with distance from the edge of the Nacre Sheet they
are never seen as such (undersized Nacre Tiles) incorporated in mature Nacre
Sheets. Nakahara suggesls that it is the individual growth of each of these small
Nacre Tiles which resuils in the growth of the Nacre Sheet. 1t is very difficull to
see how such individual growlh of small Nacre Tiles could resull in either the
regularily in size of the Bound Nacre Tiles nor ihe complex patterns of Nacre
Sheel edges which are not only very similar from speciman to speciman in one
species bul closely approximated in many species. That the partly bound Nacre
Tiles are full sized regular geomelric shapes and the bound Nacre Tiles are
invariably irregular shapes is strong evidence against Nakahara's description.
Precision in either criticism or suggestion is made difficult by lack of precision of
data either from the literalure or current observations on the Nacreous Organic
Malrix. Nakahara. (1991) describes two Nacreous Organic Malrices - sheets of
material which produce compartmenis parallel 1o the mantle {and nacreous)
surfaces. and individual envelopes surrounding each Nacre Tile. He also lalks of

Organic Matrix inside the Nacre Tiles and illustrates an organic matrix envelope
around the small "free” Nacre Tiles.
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The evidence from this sludy suggests thal all aragonite crystallisabion lakes
place inside an organic matrix. Thal s thal small “frec” Nacre Tiles appear to be

enclosed in Organic Malrix as wel] as the bound Nacre Tiles.

The remainder of Lhis descriplion of nacre formalion depends Lo a greal exlent
on whal inlerpretalion is to be placed on the many layers thick (up tlo
approximalely 40) of Nacre Tile sized "brickwork” seen on the surface of the

Distal Folded Region, LalF]. and Med}F']. of one pearl oysler.

Nakahara, (1991) says that the TEM. slaining method employed in this sludy
dissolves aragonile and so il might be argued thal lhis material resulted from
decalcified nacre which had somehow lodged in this posilion as an arlifact. A
close examination of the edges of the malerial makes this suggeslion very
unlikely. The open ends of the brickwork appear to be forming from a secreted
material which is more electron dense than the inlerior of formed "bricks” and
both granuies and cilia appear to be associaled with the formation. From boih
LM and T.EM it would appear that the cyloplasmic "sheets” of material seen in

Trebecular Turquoise Glands are a major source of the material from which
Nacreous Organic Matrix is formed.

Further. while It may be conceivable that decalcified Shell Organic Malrix may
have somehow reached this position, it is nol concievable thal Shell Organic
Matrix could have lodged in the secretions of MedFl. undernealh the Plealed
Secretion. where similar Nacreous Organic Matrix like brickwork is seen

apparently forming from the secretion in which it 1s emmeshed. (Figure 5.136).

A study of both lots of Nacreous Organic Matrix "brickwork” ullerly fails to reveal
supporl for the notion thal the Nacreous Organic Malrix consists of organic
sheets enclosing "envelopes” (Nakahara, 1991). On the conlrary. the parl of the
Organic Matrix analogous to the vertical sheels of mortar in brickwork appear to
join the "horizontal sheets” and no sign of them can be seen lining the horizontal

sheels as would be expecled if they were in fact sections of hexagona) prismatic
envelopes.
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There are given in the Results, (Figures 5134 b. ¢ and d: 5140, ¢ 5.148. 5 1 and
d:0.149. @ and b: 5150, b. ¢ and d: and 5.154.a). numerous examples of parallel
sheels of material on localions on Lhe Exlernal Manlle and Manile Margin of a
large number of species of Pearl Oyslers which have spalial arrangemenls and
intervening conneclions which mimic the “brickwork” struculre of nacre If ihe
interpretation thal these are forming Nacreous Organic Matrices is correct and if
it 1s accepled thal the mulliple layers of preformed Nacreous Organic Malrices
"brickwork” seen on TEM is in facl forming nacre prior o calcification then
Nakahara's. (1991) description is unacceptable.

All the phenomenon seen in lhis work fil the concepl thatl nacre is laid down in
layers many Nacre Sheets thick as uncalcified preformed sheels of “bricks” which
are constramed into sizes and shapes by the chemisiry of the scleroprotein
precursors secreted by the Turquoise Clands, Granular Cytoplasm Secrelory

Glands and perhaps aiso the vesicular bodies from the mantle epithelium apical
membrane microvilli Lermini.

The “free” Nacre Tiles of lhe Nacre Sheet edges of the Inner and Culer Nacreous
Layers are in no way diffentiv relaled Lo Lhe adjacent edge of a Nacre Sheel or
the "bound” Nacre Tiles of that Nacre Sheel than are the "free” Nacre Tiles seen
surrounding lhe periphery of the medial end of Major Prisms {o the most
peripheral Nacre Sheel of the Quier Nacreous Layer. In every case observed Lhe
free Nacre Tiles of the Nacreo-prismatic Junction tend Lo the same crystal habit
as do the adjacent bound and partially bound Nacre Tiles of the peripheral Ouler
Nacreous Laver Nacre Sheel. As with the edges of Nacre Sheels, the free Nacre
Tiles of the Nacreo-prismatic Junction decrease in size with dislance from the
bound edge of the Nacre Sheel - bul in this case {his distance is the distance
along the grooves surrounding the Major Prisms.

Pressure between Lhe Exlernal Manlle and lhe Media) surface of the valve on
Nacreous Organic Matrix “brickwork" prior to calcification. coupled with
progressively decreasing amounls of secrelion of Organic Matrix precursors may

explain the flattened conical slep pyramid structures which appear as concentric
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circles in Shoulder Region and Pallial Gland Region patterns of edges of Nacre
Sheels. Similarly pressure on the supposed grealer amounts of organic matrix
precursors produced by Lhe glands of the Shoulder Region and the Pallial Gland
Region would explain the longues of curvilinear patterns projected distally from
the Pallial Gland Region and Anteriorly from lhe Shoulder Region.

Pressure between the distal part of the Manlle - whether Distal Folded Region or
LatF1. - and the medial surface of the Prismalic Layer would explain why lhe
small “free” Nacre Tiles of the Nacreo-prismatic Junclion are forced along lhe
grooves 1n belween Major Prisms. In the same way in every case which could be
observed. the free small Nacre Tiles most distan! from the bound edge of a Nacre
Sheet of Inner Nacreous Laver were localed on the slight groove at the junction

of underlying (more lateral) Nacre Tiles.

Thal bound Nacre Tiles are superimposed on smaller “free” Nacre Tiles from a
previous deposilion of nacre is in accord with the presence of what appear to be
the outlines of enclesed small Nacre Tiles in numerous examples of nacre from
all areas of all pearl oyster shells studied. Since the small free Nacre Tiles are
invariably positioned on the junctlion of underlying Nacre Tiles and the Nacre Tiles
of any species in any area tend to similar sizes this also explains the “stair”

pallerns seen on the radial broken surface of successive Nacre Sheeis.

Thatl small "free” Nacre Tiles. larger "free” Nacre Tiles. “partially bound” Nacre
Tiles and Bound Nacre Tiles in each localion on the medial surface of bolh the
Inner and Outer Nacreous Layers of all species of pear] oysters’ shells lend to a
single cryslal habit can be explained either by Nakahara's contention ihal the
full sized nacre cryslals have grown by accretion onlo the small free tiles or thal

the Organic Matrices of thal region constrain the cryslallising calcium carbonale
Lo a certain habit.

This study has provided no evidence as to why the orienlation with respect to the
edge of the relaled Nacre Sheel of the geomelric axes of the Nacre Tiles (bound

and free) in a given area should all {or mosily) be the same. It would seem very
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likely thal the chemistry of the Organic Malnces on the medial surface of Lhe
Nacre Sheets on which Lhe Free Nacre Tiles form constrains Lhem Lo orientations

with similarly direcled geometric axes.
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CHAPTER 6.6.

DISCUSSION (Continued).
PRISMATIC LAYER ORGANIC MATRIX MORPHOLOGY AND THE MICROANATOMY AND
HISTOLOGY OF FOLDS F2. AND LATF3. IN PEARL OYSTERS.

6.6.1. PRISMATIC LAYER ORGANIC MATRIX COMPONENTS.

As previously, the ouler Shell Laver of the Plerioidea is a calcitic
Prismatic Layer - consisting of medially superimposed Growih Scales. The
Organic Matrices of the Prismatic Layer are lhose of the Outer Fibrous Sheath.
the Inner Fibrous Sheath and the Prisms. The Prisms. irregularly polygonal lubes
standing normal lo the shell surface. have organic matrix components of Quter
Prismatic End Plate, Inner Lalera) Structure. Transverse Paralle) Prismatic Side
Walls. Linear Structure Interprismalic Organic Matrix. Reteform interprismalic

Organic Matrix, Intraprismatic Organic Malrix and Inner Prismatic End Plates.

6.6.2. UNCERTAINTIES IN THE DATA.

This work has lefl uncertainiies regarding these struclures as previcusly
noted. Those germane to this discussion are the following:

6.6.2.1. It is not known why some Growth Scales. in species where these are
usually separaled al least by Inner and Outer Prismatic End Plates. have. in some

areas. no physical division between them and the adjoining Growth Scale or
Growth Scales.

6.622. The physical and functional as wel} as the chemical relationships of the
Linear Structure Interprismatic Organic Matrix. Reteform Interprismatic Organie
Matrix. Transverse Paralle] Prismalic Side Walls and the Intraprismatic Organic
Matrix remain to some exlent obscure,
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In the only instance where Inlraprismatic Organie Malrix was observed free from
the enclosed calele  tablets. il appeared wirlually  indistinguishable
morphologically from the Releform Interprismalic Organic Malrix (Figure 5 128).
In numerous instances where the Intraprismatic Organic Malrx has been broken
oul of Prisms along with the calcite lablels. whal appear lo be twin transverse
paralle] rempanls of Inlraprismalic Organic Malrix can be observed on Lhe side
walls joming with, and morphologically very similar to. Releform Inlerprismalic
Organie Matrix. {Figure 596, €). In numerous instances it has appeared thal
Reteform Inlerprismalic Organic Matrix forms a sheath covering the exposed side
walls of Major Prisms on a radial broken surface (Figure 5.356. a). and appears in
al least one instance to be clearly physically associaled wilh an [nner Prismatic
End Plate (Figure 5.145. ¢). However Linear Siructure Interprismatic Organic

Matrix, (Figure 5.39). may be an exiernal Sheath associated wilth the Reteform
Interprismatic Organic Matrix.

The relalionship of Intraprismalic Organic Malrix. Releform Inierprismatic
Organic Matrix and Linear Siructure Interprismatic Organic Matrix to each other
1s confused by the fact thal two of them. the Releform and Linear Structure
Interprismatic Organic Matrices (as far as is known) never have been observed in
decalciied shell and the Intraprismatic Organic Matrix in this siluation is
invariably largely destroyed. In the acid decalcified shell the Transverse Parallel
Prismatic Side Walls are quile obviously common to adjoining prisms. However
these last. by far the most dominanl feature in acid decalcified pear] shell
Prismalic Layer. are almost always largely obscured under SEM of non-
decalcified shell. An explanation of why Reteform Interprismatic Organic Matrix
is nol seen in acid decalcified shell and remnants of Intraprismatic Organic
Malrix are. if they are the same material, might be thal the acid strenglh was
higher or remained relatively high for longer in ihe vicinity of the former during
decalcification than between the calcite tablets,

Perhaps the descriplion which best fits the observations is that the Major Prisms
and Growth Process Prisms have Transverse Parallel Side Walls which are shared
belween adjacenl Prisms. Inside the Transverse Paralle]l Side Walls is an
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OrganicMalrix structure which presenis as a conlinuous sheel willh a paltern of
Iimear ridges parallel lo the long axes of the Prisms, on lhe surface opposed 1o
the Transverse Parallel Side Walls. However. viewed from inside the Prisms. Lhis
sheel of Organic Malrix 1s lined with a lhree dimensional network of frothy
malerial (Lhe Reteform Interprismatic Organic Matrix). This releform (or frothy)
material exlends transversely across the Prisms in twin lamina. (Inlraprismatic
Organic Matrix). thus dividing the Prism into numerous compariments in which

are Lhe pseudohexagonal, lhickish calcile tablets.

6.6.2.3. Similarly it is uncertain whether the Quter Prismalic End Plate and the
Inner Laleral Structure are relaled chemically and come from the same source.
This appears likely as where the former stains aberrantly blue {e.g.. wilh Azan)
the physically associated Inner lateral Structure invariably reflecls the same

aberrant slaining affinity.

6.6.2.4. To these uncertainties must be added doubts as to the overall method of
production of the Organic Matrices of the Growth Scale. That is. it is nol known
whether it is produced in segments which are then moved more distally for

production of the nexl segment, or all produced in one piece.
6.6.3 ANATOMY OF THE MANTLE MARGIN AND GROWTH SCALE SYNTHESIS.

The geometry of the Mantle Margin is instruclive. In Zinctads mavims the
contracled lengths of FI. and F2. after fixation are usually aboul the same - in
the vieinity of 2.0mm. The greatest atlainable length of each of these two Mantle
Margins is not known but given the siruclure of their radial Fibrous Connective
Tissue it is probably not much more than their length in a contracled stale.
Since all pear!l oyslers can join their F3. Mantle Margins when fully gaped. the

exlended length of F3. in an adull Awnclads maxima is in the order of 25 -
30mm.

Previously, (Discussion, Chapter 6.1.) a mechanism was described whereby.
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by partial withdrawal of the previously touching F3. peripheries, the Growlh
Processes could be produced in lhe secreled Prismatic Layer Organic Malrices on
LatF3.. The parallelogram shapes of the Ouler Prismalic End Plales consirained
into rows near the edges of the Growlh Processes suggests that al leasl the Ouler
Fibrous Sheath, Ouler Prismalic End Plales, and the Prism Side Walls and Inter-
and Inlra-prismalic Organic Malrices are secreled. fabricaled and in a perhaps

parlially sclerified form by ihe time the F3. peripheries have paried.

[t appears from the histology of LatF3. and MedF2. that these tissues are. on their
own, litle more capable of synihesizing a scleroprolein Siructure of the
complexity of the Prismatic Layer of a pear} shell than is LatF1l. Tissues of
sufficient complexity to synthesise such a structure are the Proximal and Middle
LatF2.. However as above, their radial length in an exlended stale is prebably in
the order of aboul 3.0mm in a large Amclads maxims whereas the radial length
of a Growth Scale in such an animal is in the order of 30mm. This is the same
order of magnitude as the radial length of the fully extended LatF3.. Hence while
the Lissue surface on which the Growth Scale is formed and the Growth Processes
are shaped is of the same order of magnitude as the Growth Scale on the shell,
the underlying lissues are probably incapable of forming it; and these lissues
which are capable of forming it from the point of view of their compiexity are

only aboul 10% or less in radial lengih of the radial length of the Growth Scale.

6.6.4. PRISMATIC LAYER ANOMALIES.

Further confusion is added to {he picture by the fact that the Prismatic Layer is
not consistent in the relationship of its parts. For example the Laleral surface of
a Growth Scale may be defined for a large part of ils proximal length by Outer
Prismalic End Plales. which may simply not exist distally with the prisms of the
medial Growlh Scale simply merging with those of the overlying Growlh Scale.
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6.6.5. RELATIVE POSITION OF SHELL AND MANTLE MARGIN DURING LOCATION OF
A NEW GROWTH SCALE.
The Proximal extremities of the Growth Scales are usually interleaved with the
distal extremities of the successive depositions of Quter Nacreous Layer. These
Proximal extremities of Growth Scales preseni. in radial section, as sometimes
very elongate extensions of the proximal pointed end of the distorted spindle
shape which the Growth Scale has in radial section.

Lateral Proximal Growth Scale

more recent Outer Nacreous Layer

FIGURE 6.60. Diagram of radial section of proximal exiremity of a Growth Scale

between distal extremities of successive depositions of Quter Nacreous Layer.

" Commonly. this elongate proximal extension of the Growth Scale ceases to stain
red with Azan proximally where Transverse Parallel Side Wall Organic Malrix can
no longer be accurately distinguished under LM.. and appears as a thin line of
blue foam like material between two lots of nacre. While between Lhe two lols of
nacre neither Quter Fibrous Sheath, Guler Prismatic End Plates. Inner Prismatic
End Plates nor Inner Fibrous Sheath can be distinguished. The latter is not
surprising as Inner Fibrous Sheath has never been seen in medial view of

peripheral Nacreo-prismatic Junction anywhere in any species of the Plerioidea
with SEM.

This lack of not only an Quter Fibrous Sheath but also Outer Prismatic End Plates
lateral to the diminuitive underlying pieces of Inner Laleral Structure and. more
dista]fj. incipienl prisms. suggests that al the time of deposition of the Growth
Scale the tissue responsible for Inner Lateral Structure secretion and more
dislally the tissue responsible for prism Transverse Lateral Side Wall Organic
Malrix secretion are immediately opposed lo the medial surface of the distal

- - - —
3 - -
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extremity of the Jast laid down part of the Culer Nacreous Layer

The various discrete enlilies which constilule the organic malrices of the

Prismatic Layers of pearl shells and the probable sources of Lheir precursors will
now be considered.

6.6.6.0UTER FIBROUS SHEATH.

Struclure.

The Ouler Fibrous Shealh in laleral View shows coarse more or less parallel
fibres. The "Fibres” are about 0.8um apart centre to cenire on a young adull
Fnclada maxima Where the fibres are eroded they can be seen to continue in a
plane normal 1o the surface of the Prismalic Layer which suggesis that they are
either thin slals which present edge on to the laleral surface. or are in fact
pleals. There are fairly frequent anastomoses belween the “fibres” (or pleals)
which are recurved (Fig. 5.33. d) with the rounded ends of the anastomoses
mostly pointing in the same direclion. The surface of the fibres {or pleats) bears
small nodules aboul the size and frequency of the Black Granules which can be
seen on the Pleated Secretion, the detrilal secretion on the medial surface of the
distal Growth Scale. and on the Vesiculale Secretion of Groove FIF2..

W

Lateral

Lateral

view

FIGURE 6.61. The Outer Fibrous Sheath of the Prismalic Layer in Lhe Plerioidea.
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In Pinciads sp./ (Figure 5.137. b and c} is shown the developing Vesiculale
Secretion of Groove FIF2. For reasons already given this is thought to be the
most likely source of the Quter Fibrous Sheath of the Prismatic Layer.

As seen in Amclads maximea ( Figure 567). it is secreted by the subepithelial
secretory glands of Proximal LatF2.

This layer is meodified in harmony with the subsequent positioning of the
underlying Outer Prismatic End Plates. In some species lhe fibres of the Outer
Fibrous Sheath are farther aparl over the central area of the Quter Prismatic
End Plates and more closely opposed over the peripheries. (Figure 533, b; 5.93.
d). In Ainclada fucata the fibres over the ceniral area of the Quter Prismatic

End Plate run normal to the general direction of the fibres of the Quter Fibrous
Sheath (Figure 5.127, ¢).

6.6.7. The Quter Prismatic End Plates. Inner Lateral Structure and
Proximal LatF2..

The Quter Prismatic End Plales cap the Ouler Surface of the Major Prisms and
the Growih Process Prisms. As such they are either irregularly polygonal on the

Growth Scale or the middle of the Growth Processes or rectanular on the edge of
the Growth Processes.

They are of at least several differeni constructions having a concentric ring

structure in some species and hexagonal “spider web” construetion in others.

G

FIGURE 6.62  Lateral view, morphology of Duter Prismalic End Plates, (repeat of
Figure 2.11).

As above they are accurately positioned under local variation in direction of the

surface conslituents of the Ouler Fibrous Sheath and therefore presumably their
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Organic Matrix Precursors are secreted in situ by secretory structures in the
same locus as those which secrete the Outer Fibrous Sheath - Proximal latF2..

or alternalively. they are in some way positioned by the variations in the Outer
Fibrous Sheath.

The Inner lateral Structure joins the medial surface of the Quier Prismatic End
Plate and invariably parallels the Outer Prismatic End Plate to which it is
attached in staining affinities. What appears to be forming Inner Lateral Structure
has been observed forming from Vesiculate Secretion al Proximal LatF2.

6.6.8. The Transverse Parallel Prismatic Side Walls and Middle Lat¥2..
The Transverse Parallel Prismalic Side Walls are the most obvious and voluminous

feature of the Prismatic Layer Organic Matrix in acid decalcified shells.

Shape and Size

Junctions

Resistance Lo Boring Sponge.

They are composed of flattened slals of scieroprotein which stretch from corner
to corner of the prisms. The individua! slats in Aicleds maximaare commonly
35 um long. 1.5 um wide and 1.5 pm thick. There is a thickening at the corner of
the prisms. suggesting that the prism increases in length by addition of one slat
to each side of the prism at the same time. For the grealer part of most prisms
of most Prismalic Layers they stain amber with Mallorys. yellow/gold with M.S.B
and AB./MSB and dark red with Azan. However Lhere are some parts of most
prism layers which stain purple with Mallorys. grey/blue with M.S.B and AB./MS.B
and blue with Azan. Usually these latter stainings occur in a Jairly diserete band
or bands parallel lo and either at or just medial lo Lhe lateral surface of Lhe
Growth Scale in which they occur. In Aiectads fucals in radial section of
decalcified shell they are the only indicalion (proximal Lo the Growlh Processes)
of the shape of the Growth Scales. These alteration in staining affinities oceur
abruptly - one wall of a prism may slain ep.. dark red with Azan and the

adjacent. walls on eilher side may stain dark blue wilh Lhis stan. The slais of
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Parallel Transverse Side Wall material which slain bluish colours with the
Trichrome used are invariably partly destroyed in the process of acid
decalcification. Where with Azan eg. a blue staining slat joins red staining slats
at the corner of a prism instead of a smooth swelling as seen between red slats
joining, the blue staining slat appear to be "butted into” the junclion of the red
slats. The staining affinities and degree of sclerification of the parts of the
Prismalic Layer will be discussed further later.

Forming Prismatic Layer Parallel Transverse Prismatic Side Wall Organic Malrix
has been observed al Middle LatF2. so that it appears likely thal the specialised
secretory structures of this location are responsible for producing al leasl some

of the precursors of its Organic Matrices.

6 6.9 Linear Structure Interprismatic Organic Matrix, Reteform

Interprismatic Organic Matrix and Intraprismatic Organic Matrix
andMiddle LaiF2..

As above, it is here assumed that these three siruclures. from consideration of
acid solubilily. posilion, lissue of formation and geometrical relationships may
well be fairly closely relaled in chemistry and origin. and two of them may be

exactly the same substance in a different place. They will thus be considered
together.

As above, Linear Structure and Reteform Inlerprismatic Organic Matrices have
never been observed in acid decalcified pearl shells. but they invariably invest

and obscure Paraliel Transverse Interprismalic Side Wall Organic Matrices on the
radial broken surface of pear] shells.

The colour reactions suggest Lhal the Light Blue Glands of Middle LalF2. is Lhe
source of one of Lhe precursors of the Intraprismalic Organic Matrix and possibly
Lherefore also the Reteform and Linear Pattern Inlerprismatic Organic Malrices
but this is uncertain. It is templing Lo suggest thal the semicircular infoldings of

the Middle LatF2. funclion as moulds for the formation of the Parallel Transverse



599

Interprismalic Side Wall Organic Matrices and that all four side wall and

Intraprismatic Organic Matrices are generated in this area but there is little
direct evidence for this.

6.6.10.Inner Prismatic End Plates.

Radial section of decalcified pear] shell Prismatic Layer commonly shows a
thickened layer of Organic Malrix on the medial end of a Major Prism or Growth
Process Prism although this is sometimes lacking in some areas. On the Growih
Processes and distal medial surface of Growth Scales these Inner Prismalic End
Plales are covered by the Inner Fibrous Shealh. With S.EM it is often difficult to
ascertain whether the surface observed is organic or inorganic. Where the
inorganic calcile can be unequivocally observed the microcrystalline structure is
commonly oriented parallel to one side of the polygon. In an adjoining prism the
microcrystaline siructure may be oriented parallel Lo a side of the polygon which
joins the other at about 120° This indicales. a.. thal the orientation of the
calcite crystals is determined individually in each prism. and b.. that the
determinant is probably the Reteform Interprismatic Organic Matrix - this being
the Organic Matrix forming the Inner Surface of the polygonal prism.

There is no evidence in this study to suggest a tissue source of the Inner
Prismatic End Plates except thal having the same staining affinities as the other
constituents of the Prismatic Layer other than the Intraprismalic Organic
Matrices. and having regard to their Jocalion on the medial surface of the Growth
Scale, their secreted precursors are presumably produced by the subepithelial

Granular Cytoplasm Secretory Glands of F2, and perhaps LatF3.

6.6 11.Inner Fibrous Sheath.

The [nner Fibrous Sheath, as above. clolhes the medial surface of the Growlh
Processes and the dislal medial Crowlh Scale. It is always lacking for some
distance distal Lo Lhe peripheral Nacreo-prismatic Junction it is of far finer
construction than the Outer Fibrous Sheath and totally lacks the small

protrusions Lhoughl to be deposited "Black Granules” of the latter.
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Because of its distribution it may be a product of the precursor secretions of

Distal LatF3. but alternalively may be added by Distal LalFl. after the newly
formed Growth Scale is placed in position.

No vestige of any of these structures has been seen in the cultured pear|

examined - there lhe Radial Layer appeared very similar to the aragonite
Prismatic Layer of /le/esumio ambjzuus.

6.6.12 Functions of the Prismatic Layer in Pear] Oysters and its

Relationship to Shell Layers in Other Bivaives.

Starfish predators of Bivalves atlach suckers Lo the ouler surface of the valves to
pull them apart - thus a major function of the Growth Processes may be that

they fall off under this circumstance and thus proteclect the oyster from
predalion.

A major threal to pearl oysters is shell destruction by boring sponges. As shown
here (Figure 544), boring sponges commonly penetrate a pearl shell either
through the exposed Nacreous Layer near the hinge or the sponge may gain
access down a Major Prism and lhen produce cavernous desiruction in the
underlying nacre. From this it is apparent that a freely projecting Crowth
Process which is destined to be broken off acts as a protection for the pearl
oyster as does the relatively resilient side walls of the Prismatic Layer -

especially in young pearl oysters where the Nacreous Layers are Lhin, and Lowards
the periphery of older oysters.

It 1s of inlerest that the Organic Matrices of the Prismatic Layer of Pearl Qysters
mimic the staining affinities of a non-calcareous ouler Shell Layer scleroprotein
sheet which is ubiquilous in those Bivalvia which do not have an ouler calcitic
Prismalic Layer - the martius yellow positive seleroprolein produced by the
Mantle Margins of members of these superfamilies. That the Prismatic Layer of
pear| oysters and some other Bivalves is caleilic may be a secondary result of the
developmenl of a scleroprotein which is resistant lo acid hydrolysis and more

specifically, resistanl Lo destruclion by a boring sponge. For Lhese reasons and
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by comparison of the geomelrical relationships and staining reactions of the
Organic Matrices of the calcilic Prismatic Layer of Pear] Oysters - especially the
yellow/gold staining with MSB. and AB./MS.B.. it is here held thal the outer Shell
Layers (Prismatic Layers). of the Pinnoidea. Pterioidea. Mytiloidea, Ostreoidea.
Nuculoidea and Tellinoidea and some Veneroidea are all ornate derivitives of at
least part of the outer non-calcareous trilaminale outer fibrous Shell Layer of
the primitive Bivlave Velesunio ambpuus and have no relationship al all to the

simple aragonite Prismatic Layer of thal primitive Bivalve.

As a corollary, where the Bivalves in this study possessed a caleilic outer
calcareous Shell Layer they lacked a separate non-calcareous ouler Shell Layer.
Conversely. every Bivalve studied whose calcareous Quter Shell lLayer was
aragonite possessed a separate Non-calcareous Quter Shell Layer. in part al least

comprised of a martius yellow positive scleroprotrein lamina.
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APPENDIX 1.
GLOSSARY OF FORMAL TERMS USED.

Excluded from Lhis Glossary are:

l. Normal self explanatory deseriptive terms which are written in lower case;

2. Formal hislological or anatomical terms in normal usage unless more
accurately defined;

3. Taxonomic names.

A.

Adductor Muscle Scar.

0Of pearl oysters. the single area of aragonite Myosiracal Prisms on the medial

surface of the Valve of a pearl shell where the Adductor Muscle adheres to the
Valve.

Ancillary F1.

The second most lateral of the four Margina) Mantle Folds of the Genera Aler,
Lognomon and #Halleus

Anterior.

Of a pearl oysier or bivalve, refers to the aspect or border associated with the
Byssus, or in iis absence the Oral Cawily.

Anlerior Mantle Symphysis.

The parl of the Mantle al the antero-dorsal periphery where lhe Left and Right
Mantle Margins fuse.

Apical Channel.
In pearl oysters. Lhe narrow channel bounded by the cells of the Omega Gland
laterally and the Dactylocyles medially wherein lies the forming Plealed Secrelion

of Groove FIFZ. In olher bivalves, e.g. the Myhilidae, an analogous feature.
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Apical Groove F1 Ancillary F1..

The most proximal part of the Marginal Mantle Groove F1 Ancillary F1. in the
Genera Alera sognomon and #aleus.

Apical Groove FIFZ..
The proximal Marginal Mantle Groove F1F2. and adjacenl siructures:i- Omega
Gland. Omega Gland Glands, Sub-Omega Gland Connective Tissue. Dactylocytes,

Black Granule Secretory Cells, Circum-pallial Nerve, Circum-pallial Sinus and
associated secretions.

Apical Groove F2F3..

The proximal part of Marginal Mantle Groove F2F3. and associated epithelia and
subepithelial glands and structures

B.

Bag of Marbles Turquoise Gland.

A large unicellular secretory gland which stains lurquoise with AB./M.S.B stain
and is refractory lo all other siains used here. Hence it s probably acid-
mucopolysaccharide secreting. Under TEM it is distinguished from Trabecular

Turquoise Glands by its distinctive cyloplasmic structure impiied by the name.

Black Granule Secretory Celis.

Highly specialised epithelial cells which occur on the most proximal parl of
Proximal LatF2. of pearl oysters immediately adjoining the most dislal
Dactylocyte where Llhe Apical Channel opens into Groove F1FZ2. The apical
cyloplasm stains a distinctive purple with Azan and green with AB/MSB. These
cells synthesise and secrele the electron dense granules seen with TEM on the

medial surface of the Pleated Secretion of Groove FIFZ2. and the lateral surface of
the Vesiculale Secrelion of Groove FIF2..
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C.
Celtic Scroll Cell.
Cells which comprise the ouler layer of the Omega Gland Proximal Parl which

secrete large vesicles into the proximal part of Groove FIFZ..

Circum-pallial Nerve.

A large nerve trunk which runs jusl proximal {o the apex of Groove F1F2. for lhe

entire periphery of both lefl and right Mantles. and supplies major rami at
intervals Lo all Marginal Mantle Folds.

Circum-pallial Sinus.
A large blood sinus which runs beside the Circum-pailial Nerve around the entire
periphery of both lefl and right Mantles and is connected direclly to at least

some of the sinus of FI. In Amawms and the Os/reacea 1t commonly contains
numerous haemocytes.

D.
Dactylocytes.

Elongate cclumnar epithelial cells with prominent central nucler whose apical
surfaces line the medial surface of the Apical Channel. As such their microvillous

apical membrane touches against the forming Pleated Secretion of Groove FIF2.
which separates them from the Omega Gland.

Distal.

According lo the sense used. distal can mean away from the hinge. or more
usually, with reference lo Lhe valve or a radial section of the Mantle. distal can

mean away from the Adductor Muscle Scar or Adductor Muscle respectively

Distal Diffuse Glands.

Specialised large secretory unicellular glands with indistinet nuclei and cell
membranes whose ceil bodies lie adjacent Lo sinus in the Distal Fi. subepithelium,

and which secrete into the distal Croove FIF2. The glands have unusual colour
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reactions to lhe stains used and these colour reactions are not slandard in

different species. They stain khaki with MSB. and AB./MSB in Amargaritifers
and #maxima but stain various pink colourings in some of the smaller Anclads
with these stains.

Distal Folded Epithelium.

The elongate columnar epithelium covering the Distal Folded Region. The apical
membrane bears numerous microvilli which have club-like vesiculate ends which

bud-off to form an acid-mucopolysaccharide rich surface secretion.

Distal Foided Region.
The region of the Exlernal Mantle lying between the Distal Pallial Region and ihe

Proximal part of LatF1. lateral to the Circum-pallial Nerve and Sinus. The
region is characterised by prominent ouifoldings with a subepithelium of
radiating sinus, fibrous conneclive tissue and musculature. in the subepithelium

are numerous glandular structures some of which are believed to secrele into the
radiating sinus.

Distal LaiF1..

The most dista! of the three regions into which the lateral surface of Marginal
Mantle FoldF1.1s divided, covered by the Terminal Epithelium.

Distal Latk2..
The most distal of the three histological regions of Lall'2..

Distal LatF3..

The more distal of the two histological regions inte which LatF3. is divided.

Dislal MedF1..

The most dislal of the three regions inlo which MedF1. is divided characterised by
lhe Ovoid Blue Glands., Distal Diffuse Glands and other Granular Cytoplasm
Secrelory Glands in Lhe subepilhelium.
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Distal MedF2..
The more distal of the two regions into which MedF2. is divided.

Distal Pallial Region.

In pear] oysters. the most distal of the three regions into which the External
Pallial Region is divided just proximal to ihe Distal Folded Region. There is an
increase in both subepithelial secretory glands and subepithelial musculature of

the External Mantle of this region compared with that of the Middle Pallial
Region.

Dorsal.

With reference Lo all bivalves by convention the Dorsal border is the border near
the hinge.

E.

Extra-pallial Space.

The space (largely a polential space) between the lateral surface of F1. and the
overlying medial surface of the Valve. In pearl oysters its proximal extent may
be defined by the contact of the folds of the Distal Folded Epithelium with the
Mantle. In Bivalves where there is junction of the Exlernal Manile to the medial
surface of the Valve at the Pallial Line, this delimits the space proximally. In
those bivalves where there is physical continuity between the secretions of the

Mantle Margin and the outer surface of the Valve, this delimits Lhe space distally.

F.
F1.

Symbol used here for Lhe laleral Marginal Mantle Fold.

Ft. Rami of Circum-pallial Nerve.

Branches of these rami innervate the secretory slruclures and muscles on both
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the medial and lateral sides of F1..

F2.

The second most lateral of the two Marpinal Mantle Folds in those species with
two or three Marginal Mantle Folds. and the third most lateral Marginal Mantle
Fold in those species with four Marginal Mantle Folds including an Ancillary Fi.
Marginal Mantle Fold. 1.e.. species of the genera Alerma /[sosmomon and Malleus.
This fold is terminally bifurcale in some of the dsireosdes and trilobate in the

Anomiordea and Feclinordes 1t bears Lhe developing and developed eyes in these
superfamilies.

F2. Rami of Circum-pallial Nerve.

These branches of the circum-pallial nerve in the Aemosdea alternately leave
the distal surface of the pareni nerve trunk and then branch into the FI. Rami
and ithe F2. Rami which then pass under the Apex of Groove FIF2., or leave the
proximal surface of the parent nerve trunk. In either case they then enter F2.
and supply lalerals lo the glandular and muscular structures of the
subepithelium of Proximal LatF2. before innmervating the glands and muscles of
the Middle LatF2.  Terminal branches supply the secretory and muscular

structures of Distal LalF2.. Collaleral branches traverse the parenchyma of F2. to
supply MedF2..

F3..

The mosl medial of the hree Marginal Mantle Folds of the Ameladis and other

Bivalves with three Marginal Mantle Folds and of the four Marginal Mantle Folds of
FPlera, lsqenomon and Malleus

C.

Granmular Cyloplasm Secretory Glands.

All those unicellular secrelory glands with granular cytoplasm which oecur
intraepithelially or with Lheir cell bodies largely in the subepithelium which

seerele through the External Mantle epithelium or thal of the Mantle Margin
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Excluded are various specialised glands described elsewhere.

Groove F1. Ancillory F1..
The Marginal Mantle Groove between Fi. and Ancillary F1.

Groove F1F2..
The Marginal Mantle Groove belween F1. and F2..

Groove F2F3..
The Marginal Mantle Groove between F2. and F3..

Growth Processes.
In pear! oysters and some closely related bivalves. protrusions which occur at
fairly regular intervals on Lhe periphery of each Growth Scale of the Prismatic

Layer. Lines of these Growlh Processes of successive Growth Scales radiate from
the Antero-dorsal corners of the Valve on ihe lateral surface.

(rowth Scale.

In medial or lateral view, the fiatiened distoried horse-shoe shaped layer which
probably represents a single deposition of Prismatic Layer in pearl oysters. The
greater parl of the medial surface of the last deposiied Growth Scale is visible as
the Prismatic Layer forming the peripheral parl of the medial surface of a pear|
shell Valve. The proximal border usually commences between sheeis of Ouler
Nacreous Layer. On the radial surface. the Growth Scale thickens distally from
the poinled proximal border in lhe medio-lateral dimension, and then decreases
again towards ils distal extremity so that the radial surface of the entire Growth
Scale forms a somewhat distorted spindle. In those species where there is no
delimitation of the lateral surface of the Growth Scale and the Major Prisms run
direcily throngh the full widih of Lhe Prismatic Layer. (eg. Anclads fucala). \he
outer limits of each Growth Scale are commonly indicated by variations in

slaining affinilies between the ouler surface of one growth Scale and the inner

limit of ils predecessor.
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H.
Hinge.

The protein rubber junction between the two Valves just inside the Dorsal Border.

I
Inner Fibrous Sheath.
Fibrous covering of medial surface of the Prismalic Layer whether of Major Prism

Layer or Growih Process. The Inner Fibrous Sheath is lacking just distal to the
Nacreo-prismatic Junction.

Inner Lateral Structure.

A layer of smaller structures enclosed in organic matrix in the lateral end of
Major Prisms beneath the Outer Prismatic End Plates. While these structures are
very commonly seen with LM. of decalcified shells they are very rarely observed

with S.EM of radial broken surface of Prismatic Layer.

Inner Prismatic End Plate.

Thickened covering of the medial end of some Major Prisms and Growlh Process
Prism.

Intraprismatic Organic Matrix.
Reteform transverse organic matrix dividers in prisms of the Prismatic Layer
which delineate medialiy and lateraily the thickened Calcite Tablels of the prisms.

Interprismatic Organic Malrix.

In light microscopy the acid decalcified walls of Lhe prisms censist of parallel
slats of transverse fibres. With SEM of radial broken prismatic layer three
distinet types of structures are revealed:

(a). Reteform Interprismalic Organic Matrix appears similar in composition to
[ntraprismatic Organic Matrix and is lhe mosl commonly seen phenomenon

belween prisms.

(b).  Linear Interprismatic Organic Matrix consists of parallel ridges usually
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running paralle] to the long axis of the prism on which they occur.

(¢). Transverse parallel Interprismatic Organic Matrix may be relaled to thal
seen with LM of decalcified shell,

Isthmus.

The raised ridge of tissue in the dorsal midline which runs from the Anterior
Mantle Symphysis to the Posterior Mantle Symphysis.

Isthmusistic Epithelium,

[n pear] oysters and some other bivalves, (eg. the Arcaces ). greally elongate
columnar epithelium which covers the dorsal surface of the isthmus and expands
down the laleral surfaces of the isthmus in parallel with the overlying expansion
of the enlargement of the hinge. 1t is bounded on either side for its entire length

by a deep sulcus into which Granular Cytoplasm Secretory Glands discharge.

L.

Light Blue Glands.

In pearl oyslers of the Genus Pinctada, specialised Granular Cytoplasm Secretory
Glands which are restricted in their occurrence Lo the Middle LatF2.. where they
are found in all species of the Azelada invesligaled. They are associated in this

location with an unusual type of Turquoise Gland. They are fairly refractory to
all stains used with which they stain a fainl blue.

Linear Patlern Interprismatic Organic Matrix.

See [nterprismatic Organic Malrix.

M.

Major Prism.
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A single polygonal prismatic structure of a Growth Scale of a pear] oyster
Prismatic Layer. Dependant on species and position on the Growith Scale.
terminated medially by either the bare medial surface of the Prismatic Layer, an
Inner Prismatic End Plate or the latter covered by Inner Fibrous Sheath. and
usually lerminaled laterally by Outer Prismatic End Plale covered by Outer

Fibrous Sheath. Major Prisms are distinguished from Minor Prisms and from the
Prisms of Growth Processes.

Major Prism layer.

A layer of the Prismalic Layer formed of either a single Growth Scale. or, where
Growth Scales lack physical lateral and medial boundaries. successive fused

Growth Scales excluding Growth Processes.

Mantle Edge Gland.

The tissue composed of elongate columnar epithelial cells which covers usually
the grealer part of LatFl. and is all but ubiquitous throughoul the Bivalvia. It is
particularly well developed in the Alervordeaand even more so in the Areodes |t
has features in common with the Isthmusistic epithelium which it joins near the
Anterior and Posterior Mantle Symphyses.

Marginal Mantle Fold.

One of between two and four (dependant on species) folds of tissue which form
the distal edge of the Mantie. The Marginal Manlle Folds of the Left and Right

Mantles are joined at the Anterior Mantle Symphysis and Posterior Mantle
Symphysis

Marginal Mantle Grooves.

The Grooves between the Marginal Mantle Folds into which the products of the
adjacent secrelory structures are discharged,

Microgranutar Glands,

Specialised unicellular glands which oceur in Lhe Parenchyma of F2. and F3.
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especially seen in Anclada maxima. Wilh Mallorys their cytoplasm stains amber
and with Azan bright red. With TEM they are large cells with cytoplasm
composed largely of relatively very small electron dense granules. They appear
to secrete into the sinus of the Fold parenchyma and seem likely to have the

function of increasing turgidity of the Folds by ihe osmotic activity of their
secretory products.

Middle LatF2..

Specialised tissue comprising the Middle third of LalF2.. The epithelium in fixed
specimens invariably displays plaleaux separated by semicircular infoldings in
Radial Section. The surface epithelium is distinguished by a dense mat of long
cilia and microvilli.  The subepithelium is host to Light Blue Glands and
specialised Turquoise Glands. Because of focation and staining affinities, a role in

production of Intraprismatic Organic Matrix and perhaps also Reteform
Interprismatic Organic Matrix is suggested.

Middle MedF1..

Specialised tissues comprising the middle third of MedF1. characterised by a

distinctive epithelium and subepithelial arrangement of fibrous connective lissue.
muscles, sinus and secretory glands.

Middle Pallial Region.

The Middle of the three Regions into which the Pallial part of the Externa) Mantle
of Pear] Oysters is divided on histological grounds,

Multivesiculate Cell.

A cell lype of the inner layer of epithelizl cells of the Omega Gland which may
contribute both vesicles and Amorphous Secretion to the formation of the

nascenl Plealed Secrelion in Lhe Apical Channel of Groove F1F2.
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Myostracal Prisms.

The aragonite prisms lying in the Inner Nacreous layer whose medial surface is or
was Lhe place of attachment of the Adductor Muscle in the Aerosdes.

N.

Nacre.

The material of which pearls and mother of pearl is composed in pearl oyslers
and similar shell layers in other Bivalves consisting of twinned orthorhombic
crystals of arogonile which assume a flattened pseudohexagonal or related habit.

enclosed in Organic Malrix. Gastropod nacre 1s differently structured.

Nacreous Layer.

Refers to a shell layer of discrete origin usually comprising many Nacre Sheets.

Nacreous Organic Matrix.

The organic part of Nacre secreted e.g.. by the Exlernal Mantle of a pear! oyster.

Nacre Sheet.

In pearl oysters and some other bivalves nacre is commonly composed of
multiple layers of Nacre Tiles which in radial section look like courses of
brickwork. A Nacre Sheet is analogous to one course of brickwork.

Nacre Tile.

The aragonite and Organic Malrix entity usually tending to a pseudohexagon
which consists of iwinned orthorhombic aragonite crystals and has a flat tile
habil. Nacre Tiles are classified as bound if they are fully incorporated in a
Nacre Sheel, partially bound if partly loose at the edge of the Nacre Sheel and
“free” if they are siluate on the laleral surface of the underlying Nacre Sheet.

isolated from the bound and partially bound Nacre Tiles which form the edge of
their own Nacre Sheel.
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Omega Gland.

A specialised epithelial ridge which lies in the laleral aspecl of the Apical Groove
FIFZ. continuously from the Anterior Mantle Symphysis to the Posterior Mantle
Symphysis of both Mantles of pear] oysters and some related Genera. It is
ubiquitoys in those species investigated which have no junction of Valve with
External Mantle or Mantle Margin dislal Lo the Adductor Muscle and which have a
calcitic Simple Prismatic Outer Shell Layer outside Inner and Outer Nacreous
Layers as do pearl oysters. It forms the lateral side of the Apical Channel of
Groove FIFZ. and its deeper cells are responsible. along with the opposed
Dactylocyles for secretion of the nascent Pleated Secretion of Groove FIF2.. Its

superficial cells, the Celtic Scroll Cells. secrete large vesicles into proximal
Groove F'IF2. lateral Lo the Plealed Secretion.

Organic Matrix.

The Organic constiluent of a calcified Shell Layer.

Organic Matrix Precursors.
The specific chemicals secreted by discrete glands and lissues of the Exlernal

Mantle and Mantle Margin which combine chemically to form Organie Matrix

extracellularly. Also the enzymes secreied to catalyse these reactions.

Outer Fibrous Sheath.

The fibrous or plealed superficial sheath which covers the lateral surface of the

Prismatic Layer or an equivalent material on the lateral surface of a Prismatic
Layer Growth Scale.

Outer Prismalic End Plate.
The thickened plale of Organic Matrix which caps the ouler end of a prism
whether Major Prism or Growlh Process Prism. [t is overlain by Ouler Fibrous

shealh and thickened inlernally where il joins the organic malricial walls of the
Inner Lateral Structure.
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Ovoid Blue Glands,

Specialised unicellular glands which occur ubiquitously in Distal F1. of pearl
oysters and some other Genera of Bivalves. They are unusual in that they stain a
variely of blue and purplish colours with all other stains used and also stain a
strong greemsh turquoise with A.B./M.S B. With this stain they have a small dark
red staning spherical nucleus placed at one end of their ovoid cell body. They
discharge into distal Groove F1F2.. Their function is unknown.

P.
Pallial Gland.

A dense mass of glandular lissue consisting of Lhe bodies of Trabecular Turquoise

Glands and several types of Granular Cytoplasm Secretory Glands lying under Lhe
external mantle just distal to the Adductor Muscle.

Pallial Gland Region.

The Pallial Gland. surface epithelium above the Pallial Gland. subepithelial tissues
near the Pallial Gland and the opposed Inner Nacreous Layer of the Valve.

Pallial Line.

The Junction of External Mantle and medial surface of the Valve in some bivalves
which distally limits and encloses Lhe Pallial Space.

Pallial Region.

The tissues and shell structures associated with the Pallial Space.

Pallial Space.

In Bivalves with a junelion of external manile and Medial Valve surface at the
Palhal Line, the space enclosed by Lhis junction. In pearl oysters. the Pallial
Space 1s less definitely defined peripherally by Lhe Distal Folded Epithelium. Here,
where Lhe Shoulder Region and Pallial Gland Region are distinguished on

histological grounds. the term Pallial is reserved for Lhal region belween these
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regions and the Distal Folded Region.

Parallel Transverse Interprismatic Organic Matrix.

See Interprismatic Organic Matrix.

Pleated Secretion of Groove F1F2.

A continuous sheet of secreted material which lies in Groove FIF2. from the
Anterior Mantle Symphysis to the Posterior Mantle Symphysis of each manile in
all pearl oysters and some related Genera studied. It is formed in the Apical
Channet of Groove FIF2. by the joint actions of the deeper cells of the Omega
Gland. the Multivesiculate Cells and the Dactylocyles. Its medial side receives
Black Granules from the Black Granule Secretory Cells. It acls as a partition
between the secrelions of the secretory structures lateral to il from those of
those medial to it. Its pleated form allows for maintenance of this partition
despite the state of distension or contraction of the Marginal Mantle Folds. It is

not thought lo have a structural role in pearl shell formation.

Posterior.

With reference to pearl oysters and other Bivalves Lhe border opposite {o anterior
1.e.. aboral or anal.

Posterior Mantle Symphysis.

The part of the Mantle at the Postero-dorsal periphery where the Lefl and Right
Mantle Margins fuse.

Prismatic Layer.

Generally lo describe caleified prismatic Shell Layers other than the Nacreous
Layers in Lhe Bivalvia. In Aleroides and Piposdes restricled to the shell layer
lateral and distal to the Nacreous Layers In these Superfafnilies the "prisms” of

the prismatic layer are irregular polygonal (but tending Lo hexagonal} struclures
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with long axes normal o the shell surface. Each Prism is enclosed in Organic

Matrix. and in pear! oysters Organic Matrix interna) dividers delimit the spaces
occupied by the Calcite Tablets.

Proximal LalF1..

The region of the Lateral part of F1. between the Distal Folded Region and the
Mantle Edge Gland.

Proximal LatF2..

The region of the proximal third of LatF2. characterised by Black Granule
Secretory Cells and Receplacle Glands in some species of Pear] Oyster.

Proximal LatF3..

A region comprising a histologically fairly homogenous region which comprises by
far Lhe grealer part of the LatF3..

Proximal MedF1 .

The most proximal of the three distinct histological regions on MedF1. distal to
the Omega Gland.

Proximal MedF2 .

The more proximal of the two distinet histological regions on MedF2..

Proximal Pallial Region.

The most proximal of the three histological regions of the Pallial Mantle and the
opposing Inner Nacreous Layer of the Valve.

R.

Receplacle Glands.

Specialised apparent indentalions in the epithelium of Proximal LatF2. of many

species of  Ppctada  and Middle LalF2. of Pems  into which subepithelial
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secretory glands discharge. Presumed to play a role in production of

scleroprotein components of the Prismatic Layers of these animals.

Reteform Interprismatic Organic Matrix.

See Interprismatic Organic Matrix.

S.
Shell Layers.

The more or less discrete entities which form the valves of a Bivalve being
distinguished from each other either by structure or origin and usually both e g..
the Prismatic Layer of calcite prisms on the lateral surface of a pear] oyster and
the Outer Nacreous Layer of aragonite prisms medial to it. The Outer and Inner

Nacreous Layers of the Alervosdes are very unusual in that the transition from
one to the other is indistinet.

Shell Organic Matrix(ices).

See Organic Matrix(ices).

Shoulder Region.

That area bounded by the Isthmus dorsally. the Adductor Muscle ventrally. a line
from the anterior margin of the Adductor Muscle normal to the Hinge anleriorly,
and from the postero-dorsal margin of the Adductor Muscle normal to the Hinge
posteriorly. The term includes the External Mant]e epithelium, the subepithelial

Shoulder Gland and associated tissues and the opposed Inner Nacreous Layer of
the Valve.

Sinus

Usually a blood vessel or fluid filled space in tissues especially the sinus beneath

the External Mantle, the Circum-pallial Sinus. and those in the parenchyma of
the Marginal Mantle Folds.
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Subepithelium.
When used formally this term refers to all those struclures beneath a certain
specified epithelium whose physiological functioning is connected with that

epithelium, or the production or discharge of substances secreted by or through
that epithelium.

Sulcus.

A more or less deep groove eg.. in the External Mantle constituting a specific
histological entity.

T
Terminal Epithelium.
The columnar epithelium on the LatF1. distal to the Mantle Edge Gland.

Turquoise Gland.

~Trabecular Turquoise Gland.

A large unicellular secretory gland whose cell body is usually largely subepithelial,
which has a prominent centrally placed nucleus and cytoplasmic compariments

divided by partitions {trabeculae). The compartments are filled with acid -
mucopolysaccharide secrelory material.

U.

Unicellular Glands of the Omega Gland.

The group of secrelory glands almost invariably comprising both Trabecular
Turquoise Glands and Granular Cytoplasm Secretory Glands which discharge into

the proximal lateral region of Groove FIF2. between the proximal and distal
parts of the Omega Gland.

V.

Ventral.

{border) opposite the Dorsal (border) or in thal direction.
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Vesicular Microvilli,
Almost the entire exlernal Mantle and Mantle Margin of pear! oysters is covered
with an epithelium which forms vesicles on the exliremities of a dense mat of

apical microvilli which are then released as small secretory vesicles. The
function of the resultant secretion is unknown.

Vesiculale Secretion of Groove FIF2..

In pearl oysters this secrelion. while not as obvious as the Pleated Secretion.
usually lines LatF2. and is secreted by ils structures. It is possible that it has
different constituents al different times if. as appears likely, there is a batch
process formalion of the Prismatic Layer. Ils lateral surface bears electron
dense particles secreled by the Black Granule Secretory Cells.
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APPENDIX 2. SUGGESTED USE OF RISTOLOGY OF THE MANTLE AND MANTLE
MARGIN OF PEARL OYSTERS AND CTHER BIVALVES IN THEIR HIGHER ORDER
CLASSIFICATION.

AZ.] REALIGNMENTS AMONGST THE PEARL OYSTER GENERA AANCT424. FTERM,
1SUCKOHON AND MALLEYS

A2.1.1. In Vokes. (1980). the genera Ancladz and Plersa are included in
the Family Pleriidae and the genera Augnomon and #alevs in the
Family Isognomonidae. Species of all lhese Genera have a calcitic

Prismatic Layer outside two aragonitic Nacreous Layers.

Superfamily Pterioidea
|
| n
Family Pteriidae lsognomonidae
l | 1 [—'——L—r
Genus Ainclada FPleria Isqgenomon  Haleus

Figure A2.1. Vokes's (1980) classification of the Pearl Oyster Genera.
A.2.12. Bases for Realignments from Shell Micromorphology. Anatomy and
Histology.

While there are some important micromorphological differences between
the Prismatic Layers of different species of Aiefadia the various parts of
the decalcified Prismatic Layer Organic Malrices display remarkably
similar staining affinities io a variely of staining procedures.

The organic matrices of the decalcified Prismatic Layer of Alerva pensuin
grossly stain similarly to those of the Pinctada with these same stains.
However. each part of the organic matrices of the Prismatic Layer of this
species with all of these stains displays a brownish linge not present with
any species of the Amclada sludied.  Further. there are many more
Growth Scales of Prismatic Layer superimposed on each other in e
pengun han in any of the Anclaaa and Lhe prisms are smaller in alj
their dimensions in AZerza penguir than in any of the Pinclada in valves
of a similar size. The same brownish alleration in colour reaclions Lo
the various slains used is seen in the soft Lissues of these same animals.
While this alteration i staining may well be an artifact resultant from

difference in affinily for Bouin's Fixalive it is none the less a consistent
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difference between these genera. All these differences are true not only
for other members of the Genus Aemva but also for members of the
Genus /sgenomon studied. as for #aleus a/ba  The nacre of members
of the Ampelads studied is much softer than the nacre of the members
of the genera Alera and /fsoenomon.

The microanatomy of the Mantle Margin of the members of the Genus
Finctada shows three simple Marginal Mantle Folds. Histology reveals the
Mantle Edge Gland on the LatFl. and a Pleated Secretion emanaling from
the Apical Channel of Groove FIF2. belween the Omega Gland and the
Dactylocytes.

In Alerra fsosnomon and Maleus there are four Marginal Mantle Folds.
The Mantle Edge Gland is on the lateral surface of FI. (LatFl). The
Omega Cland and Dactylocytes Logether with their Pleated Secretion are
between the second most lateral and the third most lateral Marginal
Mantle Folds. From a consideration of Lhe histology between the Mantle
Edge Gland and the Omega Cland il is concluded that the iwo outer

Marginal Manile Folds of Alera fospomon and #alens can be properly
considered as FI. and Ancillary F1..

Lateral Manile Edge Gland
F1.
Omega Gland :]*—“Ei_‘\ Pleated Secretion
3.
Medial

Genus Anclads.

Lateral Mantle Edge Gland
TR

Omega Gland w Ancillary FI.

<~

F3.

Pleated Secretion

Medial

Genera Alersa, fosnomon and #alleus

Figure A2.2. The Mantle Margins of Amelada, Plersa, lsaznomon and Malleis.
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Fleria and  fsagnomon  appear to have quite similar Mantle Margin
histologies. Haleus a/ba has a quite different histology in that there are
secretory glands in the Mantle Margin which secrete into the

Circumpallial Sinus. This in turn lies against the tissues which secrete
the Pleated Secretion of Groove FIF2. in this species.

A2.1.3. Suggested Realignment of Pear] Oyster Genera.

On these bases. the Genus Aema is split from the Ancfads and
included with the Genus Jsgzmomon in the Subfamily Pteriinae and the
Genus  #asevs is placed in the subfamily Malleinae. These two
subfamilies are linked in the family Pleriidae and the Family
Isognomonidae is abolished. The genus Zmeclads is then placed in the
Family Pincladidae and the Pincladidae and the Pteriidae become
families of the Superfamily Pterioidea.

Superfamily Plerioidea
| |
! ]
Family Pincladidae Malleidae, Lamarck, 1819
3 1
Subfamily \ Pteriinae Malleinae
|
—5
Genera Finclada Hleria [sognomon  #Haleus

Figure 42.3 Suggested new alignments of the pearl oyster genera.
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S.C. Palaeotaxodonta-0. Nuculoida S.F. Nuculoidea

S.F. Arcoidea
—0. Arcoidg————
S.F. Limopsoidea
“ S F. Mytiloidea
— 0. Myliloida
—— S.F. Pinnoidea
5.C. Pteriomorphia—
———35F. Pterioidea
[S.O. Pteriina ——— SF. Pectinoidea
—0. Pterioida L— ST Anomioidea
s
*5.0. Ostreina SF. Ostreoidea
5.C. Palaeohelerodonla=0. Unionoida——— S.F. Unionoidea
5.F. Tellinoidea
S.F. Veneroidea
S.F. Solenoidea
~— 0. Veneroida

S.F. Carditoidea

——S.F Maclroidea

5.F. Corbiculoidea
S.C. Heterodonta —— 0. Myoida S.F.Gastrochaenoidea

Figure A2.4 Vokes's {1980} classificalion of relevanl superfamilies of Class
Lyvalva. 5.C. = Sub-class; 0. = Order, SO. = Sub-order; SF. = Super -
family.
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A.2.2. ALTERATION IN THE HIGHER ORDER CALSSIFICATION OF SOME BIVALVES
SO THAT THEIR TAXONOMIC RELATIONSHIPS REFLECT THEIR DEGREE OF
HISTOLOGICAL SIMILARITY.

Basically, the Bivalve classification used for this work is thal of Vokes
(1980). allered where necessary Lo accommodate the re-classifiction of
\he  Aleromorpiiz by Waller (1978). Figure A2.4. shows Vokes's
classification of the Superfamilies to which the species used in this study
belong. Waller used the Shell Layers described by Taylor (1973) in the
consiruction of a cladogram used in his reclassification of the
Pteriomorphia. The following further alterations are suggested by this
study of the histology of their Mantles and Mantle Margins.

A2.2.1. Classification from Vokes. {1980) and Waller. {1978) of the
Pinnoidea, Pierioidea. Ostreoidea and Pectinoidea.

Waller {1978) groups the Suborder Ostreina and Suborder Pectinina in
the Order Ostreoida. He then groups Suborder Pinnina with Suborder
Pleriina in the Order Pterioida. The amalgamated Order Limoida and
Order Ostreoida is joined with Order Pterioida in the Superorder
Pteriomorphia (Figures 2.5 and A2. 9).

Superorder Plericmorphia
i
' 1 |
Order Plerioida Ostreoida Limoida
' |
T : ]
suborder Pinnina Pteriina {(streina Pectinina..

Figure A2.5. Waller's (1978) classificalion of the Suborders Pinnina,
Pteruna. Ostreina and Pectinina.

In the oysters. the similarily of the hislology of lhe Genera Ostrea. and

Saccostrea  sees Lhem grouped in the subfamily Ostreinae.  Family
Ostreidae.
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The dissimilarity of Hyotissa from these sees it placed in subfamily
Pycnodonteinae. Family Gryphaeidae (Moore.1971). These families are
then placed in the Superfamily Ostreacea.

Superfamily Ostreoidea
I | |
Family Ostreidae Gryphaeidae
Subfamily Ostreinae Pycnodonieinae
| i |
Genus Ostrea Jaccostrea Hyolissa

Figure A2.6. Classification of Genera Ostrea, Saccostrea and Hyotissa,
(current work and Moore 1971).

Members of the Superfamilies Dimyoidea and Plicatuloidea were not
used in this work. The author therefore follows Waller (1978) in placing
Ostreoidea. Dimyoidea and Plicatuloidea in the Suborder Ostreina,
(Figure A2.7). The histologies of the External Mantle and Mantle Margin of
Anomioidea and Peclinoidea accords with Waller's joining of these
Superfamilies in the Sub-order Peclinina.

Suborder Ostreina

l
| f '
Superfamily Ostreoidea  Dimyoidea  Plicatuloidea

a.
Suborder Pectinina
|
| }
Superfamily Anomioidea Pectinoidea
b

Figure A27. Waller's classification of the Superfamilies Ostreoidea.
Dimyoidea and Plicaluloidea, in the suborder Ostreina (a), and the

Superfamilies Anomioidea  and Peclinoidea in the Suborder Peclinina

(b).



631

On the results of this study two major diversions from the cladogram of
Waller {1978) are proposed on the basis of “shared derived character
states” (Waller, 1978). of the histologies of the Mantles and Mantle
Margins.

A2..2.2. Proposed amalgamalion of Pinnoidea and Pterioidea in Sub-
order Pteriina.

In Waller (1978) the Suborder Pinnina is separated from the Suborder
Pteriina on the basis thal the Pleriina possess the derived character
state of byssal nolch and the Suborder Pinnina have the primitive
condition of no byssal notch. This is disputed. The byssal notch of the
Pinnina 1s not as dramatic as that of the Pinctada bul is none the less
present 1m an altenuvated form. In common with the Genera Pinclada.
Pteria. Isognomon and Malleus. Pinna possesses a similar Mantle Edge
Gland. three Marginal Mantle Folds. a somewhat different but still present
Omega Gland producing a Pleated Secretion of Groove F1F2. and the close
involvement with the secretory lissues of Groove FIF2. of the
Circumpaliial Nerve and its branches.

Moreover lhe secretions of the very similar Mantle Margins in the
Pinnoidea and the Pterioidea produce very similar shell outer caleitic
Prismatic Layer Organic Matrices.

Because of these strong similarities and disagreement with the basis for

separalion. 1t is proposed thal lhe superfamilies Pinncidea  and
Plerioidea be joined in the suborder Pinnina.

Suborder Pimnina
|
T
Superfamily Pinnoidea Plerioidea

Figure A28 Suggested alleration to Waller's classilicalion of the

superfamilies Pinnoidea and Plerioidea.



632
A2.2.3. Proposal to Split Ostreina from Pectinina and Join it with

Pinnina.

As described in Taylor (1973) mosl oysters have an outer layer of calcitic
prisms on the upper Valve, and the remainder of the upper Valve and the
lower Valve is “foliated calcitic” Shell Layers. When a comparison is made
between lhe secretory tissues and glands which produce the Valve with
outer calcitic Prismatic Layer and ihose which produce the Valve
allegedly lacking a calcitic Prismalic Layer either in the same animal or
in different species, the laller are found to be more complicated
histologically than the former - not the reverse (Chapler 5). 1{ now
appears thal some species of oyster have calcitic Prismatic Layers on
both Valves (Chapler 5. Yamaguchi. 1994). The major morphological
differences belween the secrelory structures of the Mantle Margins of the
pearl oysters of Genus Amecladaand the oyster is that the oysters have a
bifurcate terminal region on F2. (Chapter 5). The Circum-Pallial Nerve
and Circum-pallial Sinus may be even more closely involved in the
secretion of the shell Organic Matrices of the Ostrecidea than in the
Pterioidea or Pinnoidea (Chapler 5).

In Waller (1978) the Suborder Ostreina is joined with the Suborder
Pectinina in the Order Ostreoida. The claimed shared derived character
states on which this junction is based are iwo:- Firstly the Ostreina
and Peclinina are said to share the derived character state of
"specialised, greally extensible tentacles. differentialed in function and
position”. The Pinnoidea and Pterioidea, in Waller (1978) joined in the
Order Pterioida. (here proposed to be grouped in the Suborder Pinnina),
are said (Waller 1978). lo share lhe derived characler state of
“branching. moderately, exlensible. pgeneralised lentacles”. — While
indubitably the species of the Pectinina have “specialised greally
extensible tentacles differentiated in funclion and position”. the tentacles
of the Osireina are closer to the deseriplion of “branching mederately
extensible generalised lenlacles”. 1L is herein held that this is no basis
for separation of the Ostrema and Pleriina - rather 1he reverse

Similarly the Ostrema and Pectinina are joined by Waller (1978) on the
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basis of their supposed similar "calcitic shell ultrastructure”. They are
both said to have "foliated struclure” whereas the Pinnoidea and

Pterioidea are said to have "simple prisms. no foliated structure”.

Most species of the Ostreina in fact have at least on one valve an outer
caleitic Prismatic Layer as do all the members of the Pinnoidea and
Pterioidea  {Taylor 1973). According lo Taylor these and the
Propeamussium are the only bivalves which have an oulter layer of
caleitic prisms. Further, the Organic Malrices of the outer Shell Layer of
Amusium, if it is "foliated structure”, behave very differently under acid

hydrolysis from the “folialed siructure” Organic Matrices of the shell of
Saccostrea, (Chapter 1),

However. far more cogent bases for these amendments to classifcation
are the unmistakable similarities in the arrangement of, and iypes of
huistological species of the Mantles and Mantle Margins of the pearl
oysters and the oysters; and the marked lack of similarities of Manile

and Mantle Margin histologies in either of these groups Lo those of the
Pectens and Spondylids.

In short a consideration of both the secretory structures which produce
the shell Organic Matrices precursors and the Shell Layers themselves
point to a grouping of the Ostrecidea with the Pteriojdea - Pinnoidea,

and a separation of all these from the Anomioidea - Pectinoidea.
The Ostreina and the Pinnina are therefore placed in the Order

Plerioida and Lhe Order Ostreoida is eliminated. as in Vokes (1980). The

Orders Peclinoida. and Pleroida are then grouped in the Superorder
Pleriomorphia (Figure 42.10).

Ac24. Classificalion of the Limopscidea and Arcoidea.

In agreement wilh Waller (1978) the super families Limopsoidea  and
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Arcoidea are placed in the Order Arcoida, Super-order Prionodonta.
Taylor (1973) suggested that on the basis of Shell Layers these
Superfamilies should be classified in the Heterodonta. Similarities in
certain aspects of their Mantle Margin histolegy and the sources of the
precursors of Lhe Organic Matrices of their Shell Layers place them close
to Lhe Plerioidea, (Figures 5.167 and 5.168).

A2.25. Classification of the Mytiloidea.

Similarly the genera Lithophaga, Botulopa and Trichomya are placed in

Superfamily Mytiloidea, Order Mytiloida. Superorder Isofilibranchia
(Figures A2.9 and A2.10).

These three superorders, Pteriomorphia. Prionodonta andllsoﬁ]ibranchia

are then placed within the subclass Autobranchia (Figures 42.9 and
A2.10).

As previously, apart from the fealures referred to above. 1ihe

classification used here is that of Vokes (1980) amended in some ways to
accord with Waller (1978).
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A2.2.6.

SUB-CLASS ~ SUPERORDER ORDER SUBORDER SUPERFAMILY

rlsofilibranchia-Mytiloida ~———— Mytiloidea
Limopsoidea
-Prionodonta-Arcoida —————[
Arcoidea
Autobranchia-
Pinnina Pinnoidea
— Pterioida{
Pteriina Pterioidea
- Limoida Limotdea
Pteriomorphia
— Ostrecidea
- Ostreina —+— Dimyoidea
-Ostreoida— — Plicatuloidea

Anomioidea
“Pectinina —lj

Pectinoidea

Figure A29. Waller's (1978) classification of the Autobranchrs,
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AR2.7.

SUB-CLASS ~ SUPERORDER ORDER SUBORDER  SUPERFAMILY

rlsofilibranchia-Mytiloida————— Mytiloidea
Limopsoidea
-Prionodonia— Arcoida -—-——-[
Arcoidea
Autobranchiad
Pinnoidea
—Pinnina
~— Plerioidea
~ Pterioida—
— Ostreoidea
— Ostreina—— Dimyoidea
-Pleriomorphia ~ Phcatuloidea
Anomioidea
— Pectinoida — Pectinina {
Pectinoidea
— Limoida Limoidea

Figure A2.10. Classificalion of the Autebranchia based on Waller {1978}
with two allerations. Firstly. the Pinnoidea and Plerioidea are Joined 1n
the Suborder Pinnina. Secondly. the Peclinina and Osireina are joined
in Order Pterioida to accord with histological similarities in the External
Mantles and Mantle Margins of Llhese taxa. and differences of the

histology of the Mantle and Mantle Margin belween lhe Osireina and
Pectinina.
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