









































































































































































































































Variability in the density of egg capsules per mm of egg mass, total number of
egg capsules and the relationship between density of capsules and length of

egg mass

In both analyses (excluding Kenton-on-Sea and without Time 1 or early
November data) the length of an egg mass as a covariate had no significant effect on the
mean number of egg capsules/ mm i.e., the density of egg capsules present in the egg
mass (Table 4 & 5). When Kenton-on-Sea was excluded from the analysis, both Three
Sisters and High Rocks had significantly different density of egg capsules over time (site
* time interaction significant, Table 4). The density of egg capsules in the egg masses at
Three sisters was greatest in early December (Time 3) at the sand covered habitat (about
850 egg capsules per mm of an egg mass) whereas at the non-sand covered habitat the
density of egg capsules remained similar at all times (about 700 egg capsules per mm of
an egg mass), (Fig. 9). At High Rocks the egg masses from the non-sand covered habitat
had a density of more than 600 egg capsules per mm of an egg mass at time 1 (early
November) and 3 (early December) while egg masses from the sand covered habitat had
a density of almost 1000 egg capsules per mm of an egg mass at time 1 and much lower
at time 2 and 3 (Fig. 9). Without time 1 (early November data) the results of an
ANCOVA showed that the sites had significantly different densities of egg capsules in
the egg masses (Table 5) with Three Sisters having the highest number of egg capsules
per mm of an egg mass compared to the other two sites (Fig. 10). Both habitats in
Kenton-on-Sea had higher density of egg capsules in the egg masses at time 3 (early

December), (Fig. 10). The variations in the length of egg masses at different sites over the
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be attached to it by cell junctions (Fig. 7).
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Figs. 1 & 2, Light micrographs of toluidene blue stained sections showing differents stages of oogenesis in
the gonad of S. capensis. Scale bar= 35 pm.

Figs. 3 & 4. Previtellogenic oocytes of S. serrata and S. capensis respectively. The ooplasm contains a
spherical nucleus (n), a few small mitochondria (m), rough endoplasmic reticulum (rer) and in S. serrata a
few lipid droplets (1). Scale bar=2 pm and 500 nm respectively.

The oocytes are surrounded by follicle cells (f), containing spherical nucleus (n) with a nucleolus
(arrowhead).

Fig. 5. Previtellogenic oocyte of S. capensis in which the nucleus (n) contains a large amphinucleolus (an)
and a small eunucleolus (en). Note the band of mitochondria (m) around the nuclear membrane
(arrowhead). Scale bar= 1 um.

Figs. 6, 7 & 8. Electron micrographs of the wall of gonad acini. The wall (w) consists of a layer of thin
cells containing pigment granules (pg) with an irregularly- shaped nucleus (n), connective tissue (ct) and
muscle (mu). Scale bar= 2 pm, 1 um and 200 nm respectively. ev, early vitellogenic oocyte; h,
heterochromatin; mo, mature oocyte; p, previtellogenic oocyte; vo, vitellogenic oocyte.









differentiate into a crystalline core surrounded by an electron-lucent cortex (Figs. 17, 18

& 22).
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Fig. 9. Early vitellogenic oocyte of S. capensis with rough endoplasmic reticulum (arrowheads), a
few yolk granules (yg). Scale bar= 1 um. Fig. 10. Early vitellogenic oocyte of S. capensis showing
dense bodies (db), which are probably nascent yolk granules and a band of mitochondria (m) close
to the nucleus (n). Scale bar= 1 um. Fig. 11, Vitellogenic oocyte of S. capensis in which yolk
synthesis is underway and lipid droplets (1) have begun to appear in the ooplasm. Extensive arrays
of rough endoplasmic reticulum (arrowhead) are seen in the perinuclear cytoplasm. Scale bar= 1
um. Fig. 12. Early vitellogenic oocyte of S. capensis showing rough endoplasmic reticulum (rer), a
nascent yolk granule (yg) and nuage (ng). Scale bar=200nm.

Fig. 13. Early vitellogenic oocyte of S. serrata with lipid droplets (1) and smooth endoplasmic
reticulum (ser). Scale bar= 1 um. Fig. 14. Perinuclear ooplasm of a vitellogenic oocyte of S. serrata
showing lipid droplets (1), elongated mitochondria (m), lobular nucleus (n) and yolk granules (yg).
Scale bar= 1um. Insert: Nuage like material (ng) in S. serrata. Scale bar= lum. Fig. 15. Early
vitellogenic oocytes of S. capensis showing Golgi body (g) producing small vesicles (v). Scale bar=
200nm. Fig. 16. Vesicles (v) fusing to form mature yolk granule (yg) in early vitellogenic oocyte of
S. capensis. Scale bar= 200nm. f, follicle cell ; 1, lipid; m, mitochondria; n, nucleus; rer, rough
endoplasmic reticulum.
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Fig. 17. Late vitellogenic oocyte of S. capensis showing lipid (1) and yolk granules (yg) with bipartite
structure. Scale bar= 1 um. Fig. 18. Higher magnification of yolk granules from S. capensis shows the
crystalline core (c) and electron lucent cortex (co). Scale bar= 100nm. Fig. 19. Late vitellogenic oocyte
of S. serrata showing lipid droplet (1) in close contact with smooth endoplasmic reticulum (ser) in the
cortical ooplasm. Scale bar= 200nm. Fig. 20. Endocytotic pit (p) forming along the oolemma (ol) in a
late vitellogenic oocytes of S. serrata. Scale bar= 200nm. Fig. 21. Vesicles fusing (arrowed) to form
yolk granule (yg) in the cortical ooplasm of S. serrata oocytes. Scale bar= 200nm.

Fig. 22. Late vitellogenic oocyte of S. serrata showing the prevalence of lipid (1) in the ooplasm. Scale
bar=2um.

f, follicle cell; is, intercellular spagce; 1, lipid; mv, microvilli; m, mitochondria; w, wall of acinus.
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In the mid- to late vitellogenic oocytes of S. serrata endocytotic pits form along
the oolemma (Fig. 20). From this endocytotic activity vesicles are produced which fuse
to produce yolk granules (about 1.5- 2 um diameter) in the cortical region of the oocyte
(Figs. 21 & 22). These granules, which reach a maximum size of 2 um in diameter, have
an electron lucent cortex with a granular core (Fig. 21). They are restricted to the cortical
region of the egg and may represent a second type of yolk granule. Also present in the
cortical region are arrays of smooth ER, which are closely associated with lipid droplets
(Fig. 19). In both species glycogen granules appear in the ooplasm at this stage (not
illustrated). The yolk granules reach a size of approximately 4- 5 um in S. capensis and
2-3 um in §. serrata.

The oocytes, which reach a maximum diameter of 70 -100 um in S. capensis and 90 -
150 um in S. serrata, are surrounded by follicle cells throughout oogenesis. During
vitellogenesis, the follicle cells show an increase in the number of proteosynthetic
organelles especially arrays of rough endoplasmic reticulum, Golgi bodies, and some
lysosomes (Figs. 23, 24, 25 & 26). In addition the follicle cells accumulate electron-dense
granules, which are presumed to be glycogen (Fig. 29). Follicle cells seem to contain
microtubules at all stages of oogenesis (Fig. 27). By late vitellogenesis, the follicle cells
are squamous and are becoming detached from the oocytes creating an intercellular gap
between the follicle cell and oocyte (insert to Fig. 27 & Fig. 28). The oolemma of the

oocytes then begins to form simple microvilli with glycocalyx (Fig. 26 & 28).
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Fig. 23. Follicle cell (f) between two early vitellogenic oocytes of S. capensis. Scale bar=2 um.

Fig. 24. Follicle cell (f) surrounding an early vitellogenic oocyte of S. serrata. Scale bar= 500 nm.

Fig. 25. Follicle cell cytoplasm showing Golgi bodies (g) producing small vesicles (v). Scale bar= 200 nm.
Fig. 26. Two mid vitellogenic oocytes (mvo) and follicle cells (f) with extensive arrays of rough
endoplasmic reticulum (rer). Scale bar= 1um. Fig. 27. Follicle cell (f) shows presence of microtubules (mt).
Scale bar= 500 nm. Insert: Squamous follicle cells (f) between two mid vitellogenic oocytes (mvo) of S.
capensis. Scale bar= 500 nm. Fig. 28. Micrograph showing cell junction (arrowhead) between two follicle
cells (f). Microvilli (mv) of an oocyte of S. serrata can also be seen. Scale bar= 500 nm. Fig. 29. Follicle
cell cytoplasm showing glycogen (gl) in S. capensis. Scale bar= 200 nm. Fig. 30. Cell junction (arrowhead)
between a follicle cell (f) and an oocyte (0) of S.serrata. Scale bar= 200 nm.

w, acinar wall; db, dense bodies ; f, follicle cell ; ly, lysosome ; m, mitochondria ; mv, microvill; o, oocyte ;
rer, rough endoplasmic reticulum ; yg, yolk granule.































































Fig. 1. Schematic diagram showing fundamental structure of a siphonariid egg mass.
Scale bar= 70 um (S. serrata ) and 28 um (S. capensis). 1, outer mucous cover (omc); 2,
mucous matrix (mma); 3, inner mucous layer (iml); 4, mucous strand (ms); S, capsule
wall (cw); 6, envelope (en); 7, perivitelline fluid (pvf); 8, developing embryo (de).

115



Fig. 2. Light micrograph of toluidene blue stained section showing part of S. serrata egg mass,
which contains a developing embryo (de) bathed in perivitelline fluid (pvf) enclosed by a capsule
wall (cw). The outer most layer, outer mucous cover (omc) is followed by mucous matrix (mma).
iml, inner mucous layer. Scale bar= 100 um.

Fig. 3. A light micrograph of the egg masses of S. capensis stained with toluidene blue. cw, capsule
wall; de, developing embryo; iml, inner mucous layer; ms, mucous strand; pvf, perivitelline fluid.
Scale bar= 100 pm.

Fig. 4. A transmission electron micrograph of the egg masses of S. capensis showing the capsule
wall (cw) separated by an envelope (en) from the perivitelline fluid (pvf). Scale bar= 200 nm.

Fig. 5. A light micrograph of toluidene blue stained section of S. capensis egg mass showing a
single embryo in each capsule (cw). de, developing embryo. Scale bar= 100 um.

Figs. 6 & 7. Transmission electron micrographs of the egg masses of S. serrata and S. capensis
respectively, showing the outer mucous cover (omc). Scale bars= 1 um and 500 nm respectively.









The inner mucous layer in S. serrata consists of highly compact fibres containing
tubular units, the contents of which are floccular (Figs. 14 & 15). In S. capensis the same
layer has no definite structure with the fibres being organized haphazardly (Fig. 16).
Histochemically, this layer contains a mixture of both acid and neutral mucins (Table 1).

A mucous strand delimits the inner mucous layer from the capsule wall in both
species (Fig. 3). The mucous strand is composed of fibres, which are more tightly packed
in S. serrata than in S. capensis (Figs. 14, 15 & 16). Unlike S. serrata (Fig. 15) the fibres
in S. capensis are not organized as a well-defined layer (Fig. 16).

Ultrastructurally the capsule wall (approximately 0.9 pm thick in S. serrata and 0.5
um thick in S. capensis) has an amorphous appearance in both species (Figs. 14 & 16). In
S. capensis the capsule wall stains for neutral mucins whereas in S. serrata it is composed
of both neutral and acid mucins (Table 1). SEM revealed that the wall has a smooth
appearance (Figs. 17 & 18).

The developing embryo is surrounded by perivitelline fluid, which in turn is enclosed
by an electron-dense envelope (Figs. 3, 4 & 5). This envelope could not be observed with
the SEM probably because it is closely associated with the inner capsule wall (Figs. 17 &
18). In both species endocytotic pits along the embryonic cell membrane were observed
suggesting the uptake of nutrients from the perivitelline fluid at different stages of
embryonic development (Fig. 20, insert to Fig. 20 & Fig. 21). The developing embryo
and the surrounding perivitelline fluid in both species showed basophilia when stained
with toluidene blue and the presence of neutral mucins when stained with Alcian Blue-
PAS (Table 1). In the whole egg mass, only the growing embryo stained positively for
lipid (Table 1). -
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Fig. 8. Part of the outer mucous cover (omc) of the S. capensis egg mass. Note presence of bacteria
(b) in the gelatinous matrix. Scale bar= 200 nm.

Fig. 9. Light micrograph of parts of the mucous matrix (mma) from a toluidene blue strained
section of S. serrata egg mass. Note region i and ii with different staining intensity. Scale bar= 100
pm.

Figs. 10 & 11. The mucous matrix of the egg masses of S. capensis (Fig. 10) and S. serrata (Fig.
11). Note the presence of tubular units (*) in both. Scale bars= 500 nm and 2 pum.

Figs. 12 & 13. Transmission electron micrographs of the egg masses of S. capensis (Fig. 12) and S.
serrata (Fig. 13) showing the structural differences in the inner mucous layer (iml) and part of the
mucous matrix, which forms compartments (arrowheads) for egg capsules. Scale bars= 500 nm and
2 um,







Fig. 14. An electron micrograph of the egg mass of S. serrata showing part of capsule wall (arrowhead),
envelope (en), inner mucous layer (iml), mucous matrix (mma), mucous strand (arrow) and perivitelline fluid
(pvi). Scale bar=2 pm.

Figs. 15 & 16. The structure of mucous strand region (arrowhead) in S. serrata and S. capensis respectively.
Note the difference in the inner mucous layer (iml) between these two species. cw, capsule wall. Scale bar=
500 nm each.

Fig. 17. Scanning electron micrograph of part of the egg masses of S. serrata showing capsule wall (cw), inner
mucous layer (iml), mucous matrix (mma) with tubular units (*) and perivitelline fluid (pvf). Note that both
the envelope (en) and the mucous strand (ms) are difficult to locate. Scale bar= 10 um.

Fig. 18. Scanning electron micrograph of the egg capsule of S. serrata showing the smooth capsule wall (cw)
surrounding granular perivitelline fluid (pvf). Scale bar= 10 um.

Fig. 19. A light micrograph showing toluidene blue stained section of siphonariid egg mass showing all
embryos (de) at the same developmental stage. Scale bar= 100 um.








































Chapter 6
Structure and function of the glandular

complex and spermatheca






























Fig. 3. A toluidene blue stained section of the glandular complex of S. serrata showing differentially stained
cells of the albumen gland (ag). mg, mucous gland. Scale bar = 0.1 mm.

Fig. 4. A section of the glandular complex of S. capensis stained with periodic acid-Schiff’s reagent. ag,
albumen gland; mg, mucous gland. Scale bar = 0.1 mm.

Fig. 5. Bromophenol blue stained section of the albumen gland (ag) of S. serrata. Scale bar = 0.1 mm.

Fig. 6. A section stained with bromophenol blue of the glandular complex of S. serrata showing unstained
mucous gland (mg) and parts of the albumen gland (ag). Scale bar = 0.1 mm.

Fig. 7. A section of the glandular complex of S. serrata stained with Alcian blue- PAS showing a presence of
both acid and neutral mucopolysaccharides in the albumen gland (ag) and mucous gland (mg). Scale bar =
0.1 mm.






Fig. 8. An electron micrograph showing secretory cells (sc) and ciliated cells (cc) of the glandular complex of
S.serrata. ci, cilia. Scale bar =2 um.

Fig. 9. The secretory cells of the albumen gland of S. capensis with a prominent nucleus (n) and secretory
material which contains a dense vesicle (¢) embedded in a mucous matrix (mu). nu, nucleolus. Scale bar = 2
pm.

Fig. 10. The secretory cells with protein secretion in the albumen gland of S. serrata, showing a presence of
extensive arrays of rough endoplasmic reticulum (rer) with swollen cisternae (arrowheads). ¢, dense vesicle;
mu, mucous matrix. Scale bar =1 um.

Fig. 11. A micrograph showing Golgi body (g) producing small vesicles (v) in the secretory cells of the
albumen gland of S. capensis. arrowheads, rer. Scale bar = 200 nm.

Fig. 12. The apical cytoplasm of the secretory (sc) as well as ciliated cells (cc) of the albumen gland of S.
serrata. Scale bar = 1 um.

Fig. 13. The secretory cells of the albumen gland of S. serrata with mucous material (mu) in the cytoplasm. g,
Golgi body; n, nucleus. Scale bar = 1 um.












Fig. 18. The secretory cells of the mucous gland of S. serrata with a prominent nucleus (n) and some
mitochondria (m) in the cytoplasm. g, Golgi body; nu, nucleolus. Scale bar = 500 nm.

Fig. 19. The secretory cells of the mucous gland of S. serrata with irregular-shaped mucous secretions
(mu). Scale bar =2 um.

Fig. 20. Numerous Golgi bodies (g) in the secretory cells of the mucous gland of S. serrata. Scale bar = 1
pm.

Fig. 21. Putative glycogen granules (gl) and mucous material (mu) in the secretory cells of the mucous
gland of S. serrata. Scale bar = 500 nm.

Fig. 22, The ciliated cells (cc) are interspersed between the secretory cells (sc) of the glandular complex of
S. serrata. Scale bar =2 um.

Fig. 23. A wedge-shaped ciliated cell of S. capensis with a central nucleus (n), dense bodies (db), lipid (1)
and mitochondria (m). Note numerous cilia (ci) with rootlets (rt) at the apex of the cell. Scale bar = 1 pm.



























Fig. 34. An electron micrograph of spermatheca of S.capensis showing an intercellular space (is)
between two epithelial cells. 1, lipid. Scale bar = 200 nm.

Figs. 35 & 36. The epithelial cells of spermatheca of S.capensis (35) and S. serrata (36) with basal
in-foldings (f) resting on the basal lamina (bl). clear arrowheads, dense bodies; m, mitochondria; mv,
microvilli; n, nucleus; nu, nucleolus; v, vesicles. Scale bars =1 um & 500 nm respectively.

Fig. 37. The epithelial cells of S. serrata show a presence of RER (arrowheads) around the nucleus
(n). Scale bar = 500 nm.

Fig. 38 & 39. A presence of multivesicular body (arrowheads), lipid (1), Golgi bodies (g) and vesicles
(v) in the epithelial cell cytoplasm. N, nucleus. Scale bars = 200 nm. The micrographs are
representatives of S. capensis and S. serrata respectively.






Figs. 40-43, The spermathecal lumen of S. serrata showing the presence of sperm (s) and
cellular debris. Scale bars= 500 nm, 200 nm, 1 & 2 um respectively.

Fig. 44. The cellular bodies (cb) in the spermathecal lumen of S. capensis containing
putative glycogen (gl) and mitochondria (arrow). arrowheads, mitochondria; e, epithelial
cells. Scale bar = 2 um.
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