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Abstract

The copulatory organ of Haplopharynx quadristimulus Ax, 1971 (Carolina form, Rieger, 1977) consists
of a proximal prostatic vesicle and a distal stylet apparatus comprising a central tubular stylet and four to
five peripheral accessory spines . By electron microscopy it could be seen that the stylet and spines were in-
tracellular specializations . The copulatory organ can be interpreted as a specialization of an epithelial canal
extending from the testes to the body wall . In the complex stylet apparatus, the epithelium was differentiat-
ed into six cell types. The stylet, which was formed in a matrix syncytium next to the prostatic vesicle, extend-
ed into the lumen of the stylet canal . The interior of the stylet apparatus contained one group of cells that
had thick ciliary rootlets and another that had rootlet-like ribbons .

The cells that contain the rootlets enveloped bundles of longitudinally arranged muscles. The accessory
spines were formed in cells which lay peripheral to the muscle bundles . The spines, stylet, rootlet-like ribbons,
and rootlets had similar patterns of periodic cross striations . The similarity in striation patterns suggests that
the accessory spines and stylet are composed of modified ciliary rootlets.

Introduction

Ultrastructural investigations have shown that
the cuticles and cuticular derivatives (e.g . spines,
teeth, hooks, and copulatory structures) found in
many lower bilateria are analogous and not
homologous as previously thought . True cuticles
are found in the Annelida and most aschelminth
phyla (see Rieger & Rieger, 1977) . False cuticles are
found in the Platyhelminthes, Rotifera, and Acan-
thocephala (see Lee, 1972; Rieger & Doe, 1975 ;
Rieger & Rieger, 1977) .

Within the Platyhelminthes, the 'cuticular'
spines and hooks of the parasitic trematodes and
cestodes are intracellular specializations (Lee,
1972), while 'cuticular' differentiations in the Tur-
bellaria are either derivatives of the basement
membrane or intracellular specializations . Base-
ment-membrane derivatives include the proboscis
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hooks in the Kalyptorhynchia-Schizorhynchia (Rie-
ger & Doe, 1975 ; Doe, 1976) and the copulatory cir-
rus in the proseriate Archilopsis (Martens &
Schockaert, 1981). Intracellular specializations in-
clude the proboscis hooks in the Kalyptorhynchia-
Eukalyptorhynchia (Doe, 1976) ; copulatory stylets
in the orders Acoela (Mainitz, 1977), Macrostomi-
da (Doe, 1977 ; 1982) and Proseriata (Lanfranchi,
1978; Ehlers & Ehlers, 1980); and the stylet in the
prostatoid organ of the proseriate Polystyliphora
filum (Bruggemann, 1984) .

This paper presents the ultrastructure of the
stylet and accessory spines in another turbellarian
order, the Haplopharyngida . The data on the fine
structure of the other cell types in the copulatory
organ and other parts of the male reproductive sys-
tem (sperm ducts, seminal vesicles, seminal ducts
and male canal) is published separately .
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Fig. 1. Sagittal reconstruction of stylet apparatus of copulatory organ in Haplopharynx quadristimulus . Slightly schematic.

Material and methods

Specimens of Haplopharynx quadristimulus Ax,
1971 (Carolina form, Rieger, 1977) were collected
from a sediment depth of 15-30 cm at the HTL of
the high energy beach at Bogue Bank and from the
upper 5 cm of sand at the HTL of a low energy
sand flat at the White Oak River Inlet, Swansboro,
North Carolina . For a description of extraction and
fixation procedures see Doe (1982) .

Observations

The copulatory organ consists of a proximal
prostatic vesicle and a distal stylet apparatus . The
stylet apparatus in the specimens studied contained
a central, tubular stylet and four to five peripheral
accessory spines (Figs. 1 & 5) . A pair of wing-like,
bow-shaped lateral extensions were located in the
distal half of each spine. The stylet apparatus ap-
peared to be a specialization of an epithelial canal
extending from the testes to the body wall . This
epithelium was differentiated into several cell types
which appeared as concentric layers in a transverse
section through the apparatus (Fig. 5) .

The stylet was a specialization within a matrix

syncytium, which was the cell type closest to the
prostatic vesicle (Figs. 1 & 2) . The tubular syncyti-
um was thickest (3 jim) at the proximal end, which
contained most of the cytoplasmic components .
Distally, the syncytial thickness decreased to
0.5 sm as the outer and inner syncytial membranes
closed toward the stylet (Figs. I & 5) . A thin rim of
cytoplasm remained between the inner membrane
and the inner surface of the stylet . The outer mem-
brane adhered more closely to the stylet, but thin
areas of cytoplasm were also observed along this
surface. The proximal region of the syncytium con-
tained several elongate and often lobate nuclei .
Also present were stylet material, dictyosomes,
ribosomes, mitochondria, electron-dense granules,
400-600-nm-diameter vesicles, and filaments .

The stylet mainly consisted of electron-opaque
material which, in the proximal one-half of the
stylet, appeared to be fibrillar in nature (Fig . 8) .
250-300-nm-thick ribbons of this material over-
lapped and were fused together distally to form a
tube with 450-500-nm-thick walls (Figs . 2, 3 & 5).
Proximally, the stylet material was electron-opaque
but distally, where the ribbons overlap, each had an
electron-opaque core and a 50-nm-thick electron-
dense rim . Further distally, where the stylet wall
fused into a , single piece, the electron-dense outer



and inner surfaces were approximately 100 nm
thick (Fig . 5) . The stylet wall thickness decreased to
approximately 300 nm at the level of the subtermi-
nal stylet opening . The tip of the stylet was a
500 nm thick swelling (Fig . 6) .

The fibrillar material in the proximal region of
the stylet displayed a pattern of periodic cross stria-
tions (Fig. 8) with a periodicity of approximately
71 nm, consisting of alternating dense and less
dense bands. The striations were obscured in the
electron-opaque material in the distal region of the
stylet. The electron-dense outer and inner surface
of the stylet did not appear striated .

Large areas of the proximal region of the matrix
syncytium were filled with non-striated filaments,
which appeared to be tonofilaments (Figs. 2 & 3) .
Filaments were located in the cytoplasm proximal
to the stylet and also along the inner and outer sur-
faces of the circular stylet wall . The filaments in the
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Figs 2-4. (2) Slightly oblique transverse section through proximal region of stylet apparatus . Note intracellular nature of stylet materi-
al, filaments, prostatic gland cell necks . Scale: 5 µm ; (3) Fine structure of proximal region of matrix syncytium . Note the hemidesmo-
somes on the basal cell membrane, tonofilaments, filament bundles, and stylet material . Scale : I µm ; (4) Transverse section through
proximal region of spine cell . Note spine material, nucleus, dictyosomes, electron-dense granules, and position of the cell between
musclelayers. Scale: 2 µm.

cytoplasm on the inside of the stylet wall were ar-
ranged in a 0.5-0.75-nm-thick and 2.0-2.5-,um-
long circular bundle. The filaments along the outer
surface of the stylet formed a less discrete bundle
as they intermingled with ribbons of stylet material
and other organelles. Some of the filaments along
both stylet surfaces were attached to the stylet ma-
terial. In the proximal region of the matrix syncy-
tium, filaments extended toward the basal cell
membrane and attached to large (600 nm long)
hemidesmosomes (Fig. 3). The filaments in the
cytoplasm and the filamentous attachments to
hemidesmosomes in the stylet therefore linked (or
anchored) the stylet to the intercellular matrix .

Prostatic gland cell necks, which connect the
gland cell bodies located outside of the copulatory
organ to the prostatic vesicle, passed between the
basal cell membrane of the syncytium and the
intercellular matrix (Fig . 2) .
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The stylet apparatus contained five additional
epithelial cell types (designated types 2-6, see
Fig . 1) . These cell types are numbered according to
their position from the center of the stylet appara-
tus outward . One of these formed the accessory
spines (type 5) . In addition, there were internal lon-
gitudinal muscles and neurons. The fine structure
of these cells is presented in a separate publication
and they will be mentioned here only as they relate
to the matrix syncytium and spine cells . The type 2
cells formed the proximal end of the stylet canal
(Fig . 2) . These cells were joined to the matrix syn-
cytium by spot desmosomes. A short distance dis-
tally the membranes of the two cell types separated,
forming the stylet canal lumen . The type 2 cells
also contained striated rootlet-like ribbons that had
a periodicity pattern of approximately 68 nm
(Fig . 7). Cell type 3 appeared to be a syncytium
which proximally surrounded the type 2 cells . A
short distance distally the syncytium passed be-
tween type 2 cells to line the remainder of the canal
lumen .

Cells of cell type 4 occupied part of the interior
of the stylet apparatus (Fig . 5). In the area of the
spines, cytoplasmic extensions of type 4 cells were
located between the spine cells and the internal
muscles. Proximally, the membranes of the type 4
cells and the spine cells were joined together by
zonulae adhaerentes and septate junctions. Howev-
er, distally the membranes separated to form an in-
tercellular space which continued to the distal end
of the stylet apparatus . At the level of the stylet tip,
the type 4 cells lay between the spines (Fig . 6) . Here
the cells were filled with numerous thick, irregular-
ly arranged ciliary rootlets which had a striation
pattern similar to that of the stylet and type 2 cell
ribbons but with a periodicity of approximately
66 nm (Fig . 6) . Cilia were not associated with them .

The accessory spines were intracellular speciali-
zations within four of five cells (cell type 5) whose
shape paralleled that of the spines (Figs . 1, 4 & 5) .
The cells were bordered by different cell types along
their length . Proximally they were situated between
the circular muscles of the stylet apparatus wall
and the internal longitudinal muscles (Fig. 4) . Dis-
tally, on the inward surface, type 4 cells were inter-
posed between the spine cells and the internal mus-
cles (Fig . 5) . On the peripheral surface, type 6 cells
were interposed between the spine cells and the ap-
paratus wall musculature .

Along the proximal part of the main axis, each
cell was circular to ovoid in cross-section (up to
2.2 µm x 3.5 µm) (Fig. 4). Here, each cell was at-
tached to the surrounding intercellular matrix by
hemidesmosomes . The elongate nucleus lay periph-
eral to the spine. Distally, the cells extended lateral-
ly so that the leading edges of adjacent spine cells
overlapped, forming a complete ring of cells
around the internal muscles (Fig . 5). These
cytoplasmic extensions, which distally contained
the spine lateral extensions, maintained their con-
tact with each other until just proximal to the tips
of the spines . At the distal end of the stylet appara-
tus, the spine cells anchored to extensions of the in-
tercellular matrix by hemidesmosomes .

The spines mainly consisted of electron-opaque
material that exhibited a striation pattern similar to
that observed in the stylet, in type 2 cell rootlet-like
ribbons, and in type 4 cell rootlets but with a perio-
dicity of approximately 65 nm (Fig . 9). As in the
case of the stylet, the spine material at the proximal
end was arranged in ribbons that were not com-
pletely fused together. Here the spines were ovoid in
transverse section (up to 2 x 6 µm) with a very ir-
regular surface (Fig . 4) . Distally, the main axis be-
came almost circular in transverse section (up to
3 .5x4.0 µm). In the region of the lateral exten-
sions, the spines appeared T-shaped in transverse
section (Fig . 5). The thin lateral extensions spread
out from the main axis of each spine reaching a
maximum width of 11 µm, edge to edge . Each later-
al extension tapered in thickness from approxi-
mately 0.75 µm near the stalk to 200 nm at the
edge. In the region of the extensions, the spines had
a rim of electron-dense material similar to that of
the stylet. The rim, which was 100-300 nm thick,
was absent at the lateral edges of the lateral exten-
sions. Distally, the spines maintained the T-shape as
they tapered to the tip .

Each spine was separated from the spine cell
membrane by cytoplasm over its entire length ex-
cept for the inner surface (toward the internal mus-
cles) in the region of the lateral extensions (Fig. 5) .
Here, the membrane adhered tightly to the spine .
The spine cells also contained organelles and inclu-
sions similar to those in the other cell types includ-
ing small electron-dense ovoid-to-sausage-
shaped granules (up to 300 nm wide and 400 nm
long) .
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Figs 5-9. (5) Slightly oblique transverse section through stylet apparatus at the level of the stylet opening . Note the main axis and
lateral extensions of the spines, internal muscle bundles, intercellular space (arrow) between spine cell and type 4 cell . Numbers specify
different cell types. Scale : 5 µm; (6) Slightly oblique transverse section through stylet apparatus at level of stylet tip . Note solid stylet
tip, spine tip, cell-type-4 rootlets, cell-type-2 rootlet-like ribbons . Scale : 1 µm; (7) Sagittal section through cell-type-2 rootlet-like ribbon .
Scale : 0.5 µm ; (8) Sagittal section through proximal region of stylet . Scale same as in Fig . 7; (9) Sagittal section through proximal region
of accessory spine . Scale same as in Fig . 7 .
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Discussion

Fine-structural analysis of the copulatory stylet
and accessory spines in H. quadristimulus identi-
fies these structures as intracellular specializations .
These results are consistent with the intracellular
nature of stylets in Acoela (Mainitz, 1977), Macro-
stomida (Doe, 1982), and Proseriata (Ehlers & Eh-
lers, 1980 ; Lanfranchi, 1978 ; Bruggemann, 1984) .

As in other turbellarian intracellular stylets,
there are prominent dictyosomes, ribosomes, and
electron-dense material in the proximal region of
the matrix syncytium and of the spine cells (see
Ehlers & Ehlers, 1980; Doe, 1982; Bruggemann,
1984). My use of adult specimens of H. quadri-
stimulus precludes any developmental information .
However, the similar patterns of striations in the
stylet, spines, type 2 cell rootlet-like ribbons and
the type 4 cell rootlets suggests a common morpho-
logical base for all four structures. Ehlers & Ehlers
(1980) observed cross-striated microfibrils in the
stylet of Carenscoilia bidentata (Proseriata) and
Westheide (1979) stated that the similarities in stria-
tion patterns in intracellular stylet rods and ciliary
rootlets in Microphthalamus c . f. similis suggest the
possibility that the rods are very large rootlets . Stri-
ations were not observed in the stylets of Macrosto-
mum sp . and Microstomum sp . (Doe, 1982), but
they may have been obscured by electron-dense ma-
terial in the adult specimens . Bruggemann (1984)
has shown that the stylet of the prostatoid organ in
Polystyliphora filum is built on a framework of
microtubules .

Although a connection to basal bodies and cilia
may be obligate to justify using the term 'ciliary
rootlet' (Flood, 1975), rootlet-like structures have
been seen in non-ciliated cells (Nagano, 1962 ;
Sakaguchi, 1965 ; Doe, 1982). The striation perio-
dicities of 65-71 nm in the rootlets, rootlet-like
ribbons, stylet, and spines fall within the 12-90 nm
range frequently cited for ciliary rootlets and (ex-
tracellular) collagen (see Flood, 1975 ; Olson &
Rattner, 1975; Larson & Dingle, 1981). The differ-
ences in the periodicities in the stylet, spines, root-
lets, and ribbons may not be significant and may
only represent variability in the striations of the
structural protein (see Simpson & Dingle, 1971) .

Mechanical support of cilia is one of the pro-
posed functions of ciliary rootlets (Pitelka, 1974) .
However, Flood (1975) showed that in larval am-

phioxus, the ciliary anchoring function is secon-
dary to the mechanical support of the tail fin . Here,
extraordinarily large and thick rootlets provide a
rigid but elastic resistance against bending forces
(Flood, 1975). This finding supports the possibility
that the stylet rods in Microphthalmus and the
spines (and rootlet-like ribbons) in H. quadristimu-
lus are modified rootlets providing mechanical sup-
port. The formation of a tubular stylet from root-
lets involves more complicated morphological
changes in the arrangement of the rootlet proteins
and in the shape of the stylet-forming cell or syn-
cytium (see Stephens, 1975 ; Larson & Dingle, 1981
for descriptions of rootlet proteins) .

Large bundles of intracellular filaments associat-
ed with stylets have not been observed previously .
However, hemidesmosomes and tonofilaments
have been seen closely associated with stylets in C .
bidentata (Ehlers & Ehlers, 1980), M. c.f. similis
(Westheide, 1979), Microstomum sp . and Macro-
stomum sp. (Doe, 1982), and with intracellular
proboscis hooks in Gnathorhynchus sp . (Doe,
1976). In all cases the hemidesmosomes attach the
epithelial basal cell membrane to the basement
membrane (intercellular matrix) and the tonofila-
ments are attached directly to the stylet or hook
material. These serve to anchor the hard parts to
supporting musculature. The filament bundle in-
side the stylet in H. quadristimulus may provide
additional support for the stylet.

The results support the view (Rieger & Doe,
1975) that, within the Platyhelminthes, supportive
and other hard structures are developed as deriva-
tives of the basement membrane or as elaborations
of intracellular components in the outer part of an
epithelium (modifications of microvilli, microtu-
bules, and possibly ciliary rootlets) .
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Abbreviations

•

	

accessory spine
•

	

circular muscle
dictyosome

•

	

- ejaculatory duct
- filaments
- prostatic gland cell neck
- hemidesmosome

intercellular matrix
internal muscle
stylet - canal lumen
spine lateral extension
longitudinal muscle
matrix syncytium

- male canal
- microvilli

•

	

- nucleus
•

	

neuron
•

	

nerve process
•

	

rootlet
•

	

- rootlet-like ribbon
- stylet
- stylet material

tonofilaments
•

	

vesicle
cell type 2
cell type 3
cell type 4
cell type 6
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