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Summary. The male reproductive system in Haplopharynx 
quadristimulus consists of paired testes, sperre ducts, semi- 
nal vesicles, seminal ducts, a copulatory organ containing 
prostatic vesicle and stylet apparatus, and the male canal. 
By electron microscopy all components appeared to be re- 
gional specializations of a canal extending from the testes 
to the body wall and lined by a multiciliated epithelium. 
The epithelium of the stylet apparatus contained six differ- 
ent cell types. One cell type (matrix syncytium) formed the 
stylet and the other five were located distal to the stylet/ 
prostatic-vesicle junction along the male system epithelium. 
Each cell type was attached to the supporting intercellular 
matrix at a different level along the stylet apparatus. All 
cell types extended to the distal end of the stylet apparatus 
regardless of where they originäted along its length. The 
cells in the apparatus lacked cilia, but one of the cell types 
contained rootlets. Modified rootlets or rootlet derivatives 
were possibly present in another cell type in the form of 
rootlet-like ribbons. The findings support the monophyly 
of the Macrostomida Haplopharyngida (by common occur- 
rence of a matrix syncytium) and at the same time suggest 
their separation as two distinct taxa (by differences in the 
structure of the prostatic vesicle and other parts of the stylet 
apparatus). 

A. Introduction 

The importance of the plathelminth copulatory organ as 
a source of systematic characters at the light-microscopic 
level stems not only from the fact that such organs often 
have readily recognizable and measurable hard parts (stylet 
or cirrus) but also from the usefulness of characters in its 
other components (Hyman 1951; Karling 1956). However, 
only a few ultrastructural studies have investigated the en- 
tire organ (see Martens and Schockaert 1981 ; Doe 1982). 

Recently, Brüggemann (1985) showed that intracellular 
penis stylets and stylet needles in representatives of different 
groups of the free-living plathelminths were formed in var- 
ious ways using microfibrils or microtubules as basic com- 
ponents. In addition, he revealed that representatives of 
the Rhabdocoela produce the tubular stylet in a single cell, 
a situation quite different from the stylet-forming matrix 
syncytium previously described in Macrostomida and Pro- 
seriata (see Brüggemann 1985). It is probable that other 
components of the copulatory organ and of the male repro- 

ductive system in general, may be used along with the heter- 
ogeneity in hard-part ultrastructure and differentiation to 
reveal phylogenetic relationships among different taxa. 

This paper is the second of two on the fine structure 
of the male reproductive system in Haplopharynx quadristi- 
mulus Ax, 1971 (Carolina form, Rieger 1977). Presented 
here are the copulatory organ (except for the hard parts 
which were presented in Doe 1985), sperm ducts, seminal 
vesicles, and male canal. 

B. Materials and methods 

See Doe (1985) for a list of collection sites and Doe (1982) 
for a description of the extraction and fixation procedures. 

C. Observations 

L Generalfeatures 

The male reproductive system (Fig. 1), as described by Ax 
(1971), is located ventral to the intestine in the mid-body 
region. The testes were the most anterior, followed posteri- 
orly by the ventraUy located male pore, copulatory organ, 
and two seminal vesicles. Each testis was connected to a 
seminal vesicle by a sperre duct. A short seminal duct con- 
nected the anterior end of each seminal vesicle to the poste- 
flor end of the copulatory organ. 

The copulatory organ consists of a posterior prostatic 
vesicle and an anterior stylet apparatus (Figs. 1, 2). The 
stylet apparatus contains a central tubular stylet sur- 
rounded by four to five accessory spines (see Doe 1985). 
The anterior tip of the stylet apparatus projects into the 
lumen of the male canal whose epithelium is continuous 
with the epidermis at the male pore. 

In the specimens examined by electron microscopy all 
components of the male reproductive system were regional 
specializations of a canal extending from the testes to the 
body wall and lined by a multiciliated epithelium. All cells 
contained typical organelles such as a nucleus, mitochon- 
dria, rough endoplasmic reticulum, and dictyosomes. Most 
cells also contained small, ovoid-to-spherical, electron- 
dense granules (200-500 nm by 500 nm). Unlike the epider- 
mis, the canal epithelium had no terminal web (see Doe 
1981). The epithelial ceUs were joined together by septate 
junctions and zonulae adhaerentes (as described in the regu- 
lar epidermis by Tyler 1984). The epithelium was supported 
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Fig. 2. Sagittal reconstruction of copulatory organ 

by a 10-20-nm-thick, fibrous basement membrane (intercel- 
lular matrix) and a musculature consisting of cells which 
were longitudinal, diagonal, or circular in orientation. The 
muscle cells contained thick and thin filaments as weil as 

Fig. 1. Male reproductive system of 
H. quadristimulus. Specimen from Bogue 
Bank population. Bar: 50 ~tm 

dense bodies. The muscles were attached to the intercellular 
matrix by hemidesmosomes. 

Il. Sperm ducts 

The approximately 140-1~m-long sperm ducts ran lateral to 
the male pore and ventral to the copulatory organ (Figs. 1, 
3A, B). The lining epithelium consisted of a single layer 
of ciliated cells that interdigitated laterally to various de- 
grees. The cells ranged in height up to 1.5 gm and in width 
up to 4 I~m. The diameter across the epithelial part of the 
duct (when circular in transverse section) was 3-4 gm. This 
diameter enlarged considerably when sperm were present 
in the lumen (Fig. 3 A). Apically, each cell had a few micro- 
villi along with a small number of cilia. 

The musculature supporting the sperm ducts consisted 
of a thin layer of 30-40-gm-thick circular fibers which be- 
gan approximately at the midpoint along the ducts and 
continued to the junction with the seminal vesicle where 
the muscle orientation became oblique and the cells thick- 
ened to 1 gm (Fig. 3 B). The anterior portion of each duct 
was supported by only the intercellular matrix (Fig. 3 A). 

III. Seminal vesicles 

The 100--120-1am-long seminal vesicles reached a cross-sec- 
tional diameter of 20 gm in the middle region and tapered 
towards both ends (Figs. 1, 3 C). The epithelial cells ranged 
in height up to 4 Ixm and in width up to 6 gm. In the posteri- 
or region of the vesicles, the basal cell membrane exhibited 
deep folds (up to 1.5 gin) filled by finger-like or plate-like 
projections of the intercellular matrix (Fig. 3 C). 

Conspicuous within the cytoplasm were centrioles, va- 
cuoles, and, in some cells, tonofilaments. The tonofilaments 
were located basally near hemidesmosomes. The cells had 
more microvilli and cilia than the cells lining the sperm 
ducts. 

The seminal-vesicle epithelium was supported by a sin- 
gle layer of  1-1.5-p.m-thick obliquely oriented muscle cells. 
The nuclei were located peripherally, often in cytoplasmic 
extensions which lay over an adjacent muscle cell and were 
arranged so that most of the extensions pointed in the same 
direction around the muscle sheath (Fig. 3 C). 
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Fig. 3. A Transverse section through anterior region of sperm duct. Note duct epithelium, intercellular matrix, and sperm. Bar: 1 lam. 
B Transverse section through posterior region of sperre duct. Note circular muscle nucleus. Same magnification as A. C Transverse 
section through seminal vesicle. Note highly folded basal plasma membrane of epithelial cells. Bar: 2.5 ~tm. D, E Transverse sections 
through seminal ducts at junction with prostatic vesicle. In D note inclusion of both ducts inside single muscle ring and fusion of 
intercellular matrix along adjoining surfaces. In E note ring of intercellular matrix around both ducts and prostatic vesicle cells between 
the ducts. D and E at same magnification. Bar: 2.5 Ixm 
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IV. Seminal ducts 

The approximately 50-tam-long seminal ducts were more 
similar in morphology to the sperm ducts than to the semi- 
nal vesicles (Figs. 1, 3 D, E). The ducts united prior to join- 
ing the posterior end of the prostatic vesicle. As the two 
ducts came together, the musculature along the adjoining 
surfaces ended (Fig. 3D). Then the intercellular matrices 
of the adjoining surfaces fused and ended so that both ducts 
became surrounded by a single ring of intercellular matrix 
(Fig. 3 E). The basal cell membranes of the adjacent duct 
epithelia, however, did not meet because cells of the prosta- 
tic vesicle epithelium became interposed between the epithe- 
lial cells of the ducts (Fig. 4A). Prostatic epithelial cells 
also extended between the basal cell membrane of the duct 
cells and the underlying intercellular matrix (Fig. 3E). As 
a result, the seminal duct epithelial cells became completely 
separated from the intercellular matrix by the surrounding 
prostatic vesicle cells (Fig. 4A). Anteriorly, the seminal duct 
cells ended and the lumina of the two ducts converged to 
become the single ejaculatory duct, which was then formed 
by the prostatic vesicle epithelium. 

V. Prostatic vesicle 

The ovoid prostatic vesicle consisted of a cellular epithelium 
resting on the intercellular matrix and supported by a thick 
musculature (Figs. 1, 2, 4D, E). The cells were not ciliated 
but they did have microvilli (Fig. 4D). Cilia observed in 
the lumen of the posterior part of the vesicle originated 
in the cells of the seminal duct epithelium. Most of the 
cytoplasm of the prostatic-vesicle epithelial cells was re- 
stricted to the periphery of the vesicle due to gland cell 
necks which filled most of the vesicle lumen (=  ejaculatory 
duct) (Figs. 2, 4D, E). However, thin regions of cytoplasm 
extended inward between the gland cell necks toward the 
midline of the vesicle. These regions were joined to the 
gland cell necks by zonulae adhaerentes and septate junc- 
tions. Anteriorly, some of the epithelial cells and gland 
necks protruded into the proximal end of the stylet 
(Figs. 4B, 5A). 

The prostatic gland cell bodies lay outside of the vesicle. 
Necks from the cell bodies entered the copulatory organ 
in small groups around its circumference, at a level slightly 
proximal to the accessory spines (Fig. 5A). The necks 
passed through the musculature and intercellular matrix 
and then beneath the basal cell membranes of the matrix 
syncytium, type 2 and 3 epithelial cells of the stylet appara- 
tus, and the cells lining the prostatic vesicle (Figs. 2, 4D, 
E, 5A). Some necks were elevated above the intercellular 
matrix lying within an invagination of the basal cell mem- 
brane (Fig. 4 C). 

Three types of prostatic gland cells were distinguished 
on the basis of granule morphology. Type I gland cells pro- 
duced membrane-bounded granules that were ovoid to el- 
liptical in shape, measuring 1 1.25 ~tm by 0.5 ~tm (Fig. 4D). 
They contained an electron-dense spherical core surrounded 
by less-dense material. The position of the core was vari- 
able. The necks of these gland cells opened into the ejacula- 
tory duct predominantly in the proximal one-third of the 
prostatic vesicle. 

Type II and III gland cells produced membrane- 
bounded granules exhibiting variable size and morphology 
(Fig. 4D, E). Some of the type II granules were electron- 

dense and disc-shaped with a diameter of approximately 
0.75 [tm. Others were larger in diameter (up to 1.5 Ixm) and 
contain flocculent material. The two morphologies were 
variations within a cell because both were present in either 
a cell body or gland neck. However, some of the cells only 
contained the electron-dense granules. The type III granules 
were 0.3-0.5 lam in diameter. Some were fused into groups 
of two. Others appeared partly or completely flocculent. 
The necks of the type II and III gland cells opened into 
the ejaculatory duct predominantly in the distal two-thirds 
of the prostatic vesicle. 

The prostatic vesicle was underlain by two obliquely- 
oriented muscle layers (Fig. 4 D, E). The muscle cell bodies 
were located in two groups at the anterior and posterior 
ends of the vesicle (Figs. 2, 4 E). 

VI. Stylet apparatus 

The epithelium of the stylet apparatus was differentiated 
into six cell types which appeared as concentric layers in 
a transverse section through the apparatus. Each cell type 
was attached to the supporting intercellular matrix at a 
different level along the apparatus (Fig. 2). All cell types 
extended to the distal end of the stylet apparatus. The fine 
structure of two of the cell types (stylet-forming matrix 
syncytium, type 1; spine-forming accessory spine cells, 
type 5) was presented separately (see Doe 1985). 

The cells of cell type 2 formed a layer of overlapping 
cells (1 or 2 cells thick) around the matrix syncytium 
(Figs. 2, 5 B, C). The cells had a thickened proximal region 
which contained the nucleus and other organelles including 
striated rootlet-like ribbons (Figs. 2, 5, 6). 

The proximal region of each type 2 cell was attached 
to the matrix syncytium by spot desmosomes (Fig. 5 B, C). 
There was an enlarged extracellular space below the desmo- 
somes. The two membranes separated distal to the desmo- 
somes, forming part of the stylet-canal lumen. The type 2 
cells continued distally as thin cytoplasmic extensions that 
lay peripheral to the canal-wall syncytium (cell type 3) 
(Figs. 5B, C, 6A, D). The extensions contained electron- 
dense granules, microtubules and the rootlet-like ribbons. 
The ribbons ranged up to 5 lam in width and 200 nm in 
thickness. Distally, both the cells and ribbons decreased 
in cross-sectional area (Fig. 6C, F). Centrioles (or basal 
bodies) were present in some of the cells. The cells were 
joined to cell types 3 and 4 (near the tip of the stylet) by 
zonulae adhaerentes and septate junctions. 

The stylet-canal wall, except for the most proximal por- 
tion, was formed by cell type 3 (Figs. 2, 5C, D, 6A, F). 
This part of the copulatory organ epithelium, like the stylet- 
forming part, appeared to be syncytial. Proximally, the nu- 
cleus-containing region was peripheral to the type 2 cells 
(Figs. 2, 5A). A short distance distally, the syncytium 
passed between type 2 cells to line the canal lumen (Fig. 5 C, 
E). The 200-800-nm-wide canal portion contained electron- 
dense granules, mitochondria and large clear vesicles or 
vacuoles. The canal syncytium continued distally to the end 
of the stylet apparatus where it was joined to the type 2 
cells (Fig. 6 F). 

The type 4 cells encircled type 2 cells and also extended 
peripherally to surround the longitudinally arranged inter- 
nal muscles (Figs. 2, 6A, D). Because of the close associa- 
tion between the type 4 cells and the internal muscles both 
are described here. In contrast to the other cell types, the 
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Fig. 4. A Transverse section through posterior end of prostatic vesicle. Note prostatic epithelial cells surrounding seminal duct cells. 
Bar: 2.5 pm. B Transverse section through proximal region of stylet. Note prostatic gland cell necks, stylet and matrix syncytium. 
Bar: 1 ~m. C Transverse section through prostatic gland cell necks as they pass between stylet apparatus epithelium and intercellular 
matrix. Bar: 1 ~tm. D, E Transverse sections through posterior (D) and mid (E) regions of prostatic vesicle. Note double muscle layer, 
epithelial cell nuclei, ejaculatory duct and gland cell necks, types I and III in (D) and types II and III in (E). D and E at same magnification. 
Bar: 5 ~tm 
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Fig. 5. A Slightly oblique section through stylet apparatus at level of proximal end of accessory spines. Note passage of gland ceU 
necks through muscle layer. Numbers specify different cell types. Bar: 5 lam. B Transverse section through stylet apparatus at level 
of proximal end of stylet lumen. Note microvilli from prostatic vesicle epithelial cell. Bar: 1 lam. C Sagittal section through proximal 
end of stylet apparatus. Note spot desmosome between type 2 cell and matrix syncytium, types 2 and 3 cells and junctions between 
matrix syncytium and prostatic vesicle epithelial cell (arrow). Bar: 1 ~tm. D Sagittal section through rootlet-like ribbon showing striations. 
E Transverse section through stylet apparatus at level where cell type 3 begins to form the stylet canal wall. Note passage of cell 
type 3 between type 2 cells. Bar: 1 ~tm 
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Fig, 6, A Transverse section through styler apparatus at level of  proximal region of accessory spines. Note type 4 cell between spine 
cell and internal muscles (arrow). Numbers specify different cell types. Bar: 5 ~tm. B Transverse section through spine cell and type 4 
cell. Note junctions (arrow) and intercellular space containing microvilli, Bar: 1 ~tm. C Sagittal section through distal end of stylet 
apparatus. Note rootlet-like ribbon in type 2 cell. Bar: 2.5 p,m. D Transverse section through styler apparatus at level of spine lateral 
extensions. Note intercellular space (arrow) between type 4 cell and spine cell, internal muscles and nerve cell bodies, Bar: 2.5 lam. 
E Transverse section through distal end of stylet apparatus. Note intercellular matrix between spine cell and type 6 cell. Bar: 1 ~tm. 
F Transverse section through distal tip of stylet apparatus. Note space between type 4 cells and spines, rootlets and ring of circular 
muscles. Numbers specify different cell types, Bar: 5 p,m 
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Fig. 7. A Transverse section through transition from stylet apparatus to male canal. Note type ó cells, sensory receptors, and nuclei 
of canal epithelial cells. Bar: 1 ~m. B Transverse section through different levels of 4 sensory receptors. Note basal bodies and rootlets. 
Bar: 1 ~tm. C Transverse section through cilium and microvillar collar of sensory receptor. Bar: 1 ~m. D Transverse section through 
male pore showing lateral surface of male canal. Note epidermal ultrarhabdites and terminal web, ultrarhabdites in male canal cell. 
Bar: 5 ~tm 

nuclear regions of the type 4 cells were located at different 
levels along the length of the stylet apparatus (Figs. 2, 
6A, D). The enlarged nuclear regions of the most proximal 
cells were attached to the intercellular matrix by hemides- 
mosomes. Also, at this level, the muscles that formed the 
internal musculature were still part of the stylet apparatus 
wall musculature (Fig. 5A). At the level of the proximal 
end of the spines, the internal muscles separated from the 
outer circular muscles so that the spines lay between the 
two muscle layers (Fig. 5A). In some instances, the proxi- 
mal end of a spine was, for a short distance, located between 
two circular muscle cells. 

Further distally, cytoplasmic extensions of type 4 cells 
were located between the spine cells and the internal mus- 
cles (Fig. 6A, arrow). The extensions contain small elec- 
tron-dense granules and mitochondria. Distally, the mem- 
branes of the two epithelial cell types were joined together 
by septate junctions and zonulae adhaerentes (Fig. 6B). 
Above the junctions, the membranes separated, producing 
an intercellular space or lumen (Fig. 6B, D). The type 4 
cells that lined the space were also joined together by junc- 
tions. This space and the junctions between the type 4 cells 
continued to the distal end of the stylet apparatus 
(Fig. 6D, F). 

At the level of the mid-region of the spines, the ring 
of internal muscles was divided into four or five horseshoe- 
shaped bundles, one internal to each spine (Fig. 6 D). Each 
bundle was circled by type 4 cells whose nuclei were located 
between the muscle bundles. More distally, the internal 

muscles were again arranged in the form of a complete 
ring. 

Along the distal one-fourth of the accessory spines the 
internal muscles were again arranged in four or five bun- 
dles. Here, however, the bundles were located between the 
main axes of  the spines. At the level of the stylet tip, the 
muscle bundles ended and four or five groups of type 4 
cells were located between the spines (Fig. 6 F). The muscle 
cells ended distally by inserting on the intercellular matrix 
beneath the type 4 cells. The epithelial cells contained nu- 
merous irregularly arranged rootlets (Fig. 6 F; see also Doe 
1985). Basal bodies, but not cilia were associated with the 
rootlets. 

Type 6 cells were interposed between the spine cells and 
the external musculature of the stylet apparatus wall 
(Figs. 2, 6A, D). The cells tapered from a thick proximal 
region at the level of  the spine cell nuclei to thin cytoplasmic 
extensions containing only the electron-dense granules and 
mitochondria at the distal tip of the apparatus (Figs. 6E, 
F, 7A). Near the distal end of the apparatus the type 6 
cells were completely enclosed by the intercellular matrix 
(Fig. 6E). Further distally, the type 6 cells and spine cells 
were joined together by zonulae adhaerentes and septate 
junctions. 

Cell bodies and processes of neurons of the copulatory 
apparatus nerve network lay between type 6 cells or be- 
tween type 6 cells and the intercellular matrix (Fig. 6A, D). 
The neurons contained small (100-nm-diameter) vesicles, 
some of which had an electron-dense core. The nerve cell 



171 

bodies were positioned around the circumference of the sty- 
let apparatus and all appeared to be located at the same 
level along the longitudinal axis of the apparatus (18 were 
observed in one transverse section) (Fig. 6D). 

The intraepithelial nerve processes extended along the 
entire length of the stylet apparatus. Proximally, many 
small bundles of processes lay between the stylet matrix 
syncytium and the intercellular matrix. At the level of the 
proximal region of the spines, most of the nerve processes 
were concentrated into four or five bundles within the inter- 
nal muscles (four in those with four accessory spines; five 
in those with five accessory spines). Further distally, the 
bundles passed outside the internal muscles and lay between 
type 6 cells (Fig. 6A). The bundles then dispersed in the 
region of the apparatus where the nerve cell bodies were 
located. Distal to the cell bodies, the processes were ar- 
ranged in small groups of 2-10 cells. The small bundles 
continued distally between or beneath the type 6 cells and 
then beyond the end of the apparatus to the male canal 
(Figs. 6 E, F, 7 A). 

The stylet apparatus musculature consisted of the inter- 
nal longitudinal muscles, a sheath of outer oblique muscles, 
and two regions (proximal and distal) of circular muscles 
(Figs. 5A, 6E, F, 7A). At the level of the proximal end 
of the stylet the copulatory apparatus was supported by 
two layers of obliquely arranged muscles. The muscle nuclei 
were located at this level (Fig. 5 A). Proximal to the accesso- 
ry spines, the musculature split and the inner layer gave 
rise to the internal muscles while the outer layer remained 
outside the epithelium. 

VII. Male canal 

The male canal consisted of epithelial cells and sensory re- 
ceptors supported by a layer of obliquely oriented muscles 
(Figs. 1, 2, 7). The canal musculature was continuous with 
the body wall circular muscles. 

The epidermis at the male pore extended inward for 
a distance of up to 8 Ixm (Fig. 7D). The epidermal cells 
had a fibrous terminal web that thickened at the zonula 
adhaerens and the apical cytoplasm contained ultrarhab- 
dites that were mainly electron-opaque and 300-400 nm in 
diameter. The male canal epithelial cells lacked the terminal 
web, and their ultrarhabdites were more electron-dense and 
smaller (ovoid to spherical; 200-300 nm in diameter). 

The canal epithelial cells had cilia and microvilli. The 
cilia had a density of approximately 3 per lam 2. The cilia 
were supported by two rootlets: a principal one oriented 
along the long axis of the canal toward the copulatory appa- 
ratus and a smaller, secondary one oriented along the same 
axis but towards the male pore. The rootlets were smaller 
than those observed in epidermal cells (see Doe 1981 and 
Doe 1978 for description and sizes of epidermal rootlets). 

The sensory receptors had a single cilium surrounded 
by a collar of 12-20 microvilli (Fig. 7A-C), The receptors 
were 0.7-1 ~tm wide in transverse section at the apical sur- 
face. They also contained microtubules, most of which were 
located in a ring just beneath the lateral cell membrane 
and were oriented perpendicular to the apical cell surface. 
Each cilium ws supported by a 1-2 ~tm long rootlet. It was 
unclear whether the receptors were single cells or multiple 
processes from single somata. 

The nerve processes observed in the copulatory appara- 
tus continued along the male canal. Two longitudinal nerve 

cords were observed lateral to the male pore. Although 
no connections were observed between the copulatory or- 
gan neurons and the longitudinal cords, the possibility of 
such connections could not be excluded. 

D. Discussion 

L New characters seen by e[ectron microscopy 
in the haplopharyngid male genital system 

The components of the system are differentiations of an 
epithelial tube connected to (or derived from) the body 
wall epithelium. As in the case of the pharynx (see Doe 
1981), the transition from the epidermis to the male canal 
involves changes in the orientation of cells (shown by the 
orientation of cilia) and the derivation of the male canal 
longitudinal muscles from the body wall circular muscle 
layer. Differences include the absence of a terminal web 
in the male canal epithelial cells and changes in ultrarhab- 
dite morphology. 

The male canal is the least derived part of the epitheli- 
um, while the copulatory organ appears to be the most 
differentiated. The cells in the copulatory organ have lost 
the cilia observed in the other regions of the reproductive 
system but rootlets are present in the type 4 cells and possi- 
bie remnants of rootlets are present as the ribbons in the 
type 2 cells, the stylet and the accessory spines (see Doe 
1985 for discussion of these structures). 

Additional previously unknown features of the male sys- 
tem include the position of the entrance of the prostatic 
gland cell necks into the prostatic vesicle and the position 
of the seminal ducts. Ciliation in the sperre ducts, seminal 
vesicle, and seminal ducts has also not been previously re- 
ported in Haplopharynx, but cilia have been observed in 
the seminal vesicles in other related species (e.g. Macrosto- 
raum hystrix, Luther, 1905; Myozonaria bistylifera, Rieger, 
1971a; Paromalostomum fusculum, Rieger, 1971b). The 
small size and sperm-filled lumina of the sperm ducts and 
seminal ducts in other species may have obscured the pres- 
ence of cilia. Differences arnong the sperm ducts, seminal 
vesicle, and seminal ducts include the number of cells form- 
ing the wall (as seen in transverse sections), ciliation pat- 
terns, and supporting musculature. 

The present study reveals that the stylet and accessory 
spines in H. quadristimulus are differentiations along an epi- 
thelial tube. This is quite different from the arrangement 
of stylet and spines observed in H. rostratus by Karling 
(1965, Figs. 8, 14, 15). In H. rostratus, the seven to eight 
spines are encased in a muscular bundle which does not 
surround the stylet as in H. quadristimulus. The epithelium 
forming the male reproductive system appears to have split, 
with the accessory spines being produced in a side pocket 
of the male canal opening separately into the small male 
antrum. 

However, this arrangement needs to be investigated fur- 
ther at the ultrastructural level. 

IL Comparison and phylogenetie significance 
of the male efferent canal system within the Macrostomida 
Haplopharyngida 

A comparison of male reproductive systems at the ultra- 
structural level reveals differences between H. quadristimu- 
lus and two macrostomid species. In all three copulatory 



172 

organs the stylet-forming matrix syncytium can be inter- 
preted as a specialized terminal end of the male canal epi- 
thelium (see Doe 1982, 1985). In Macrostomum sp., the 
stylet-forming syncytium surrounds, in a fold, most of the 
prostatic vesicle. In Microstomum sp., it extends as the inner 
lining epithelium all the way into the combined prostatic- 
seminal vesicle and is attached to the combined vesicle by 
a narrow bridge of matrix syncytium (Doe 1982). The two 
macrostomids lack further specializations along the male 
canal distal to the syncytium. In H. quadristimulus, how- 
ever, at least four cell types distal to the syncytium-vesicle 
junction are additional specializations of the male canal 
epithelium. In forming the stylet apparatus, together with 
the matrix syncytium, the cells have elongated into the origi- 
nal male canal lumen. 

Cells containing rootlet-like structures, similar to the 
type 2 cells in the H. quadristimulus stylet apparatus, are 
also present in the copulatory organ of Macrostomum sp. 
(Doe 1982), Paramyozonaria simplex (personal observa- 
tion), and possibly Myozonaria bistylifera (Rieger 1971 a, 
Fig. 14). 

However, these cells in Macrostomum sp. and P. simplex 
are located proximal to the stylet-forming syncytium. Simi- 
lar cells have not been observed in Microstomum sp. (Doe 
1982) or in Paromalostomum (P.fusculum and P. procera- 
cauda, see Brüggemann 1985; P. coronum, personal obser- 
vation). In both H. quadristimulus and Macrostomum sp., 
the rootlets or ribbons extend the entire length of the cells. 
These cells could only be homologous if during the develop- 
ment of the stylet apparatus they were capable of migrating 
to either side of  the matrix syncytium. In the absence of 
such evidence, it is assumed that the structures are analo- 
gous. In H. quadristimulus, the type 2 cells play a small role 
in forming a canal for the stylet, but their important contri- 
bution may be that the striated ribbons provide mechanical 
support or perhaps have a sensory function. 

The syncytial nature of cell type 3 in H. quadristimulus 
may be explained by the requirements of forming a tubular 
structure that can be turned inside out during stylet protru- 
sion. The type 4 cells appear to have two functions. First, 
they play a role in forming the intercellular space along 
the internal surface of the accessory spines. The space is 
probably necessary for the spines to function as anchoring 
devices during copulation. Second, they provide a place 
for the insertion of the internal muscles. The absence of 
any accessory cells in Microstomum sp. (Doe 1982) suggests 
that the Microstomidae is an early side branch within the 
Macrostomida. This conclusion is also supported by pre- 
vious work on the pharynx simplex (see Doe 1981) and 
rhabdites (see Smith et al. 1982). 

The copulatory organs in both Macrostomum sp. and 
H. quadristimulus contain internal longitudinal muscles. In 
Macrostomum, however, the muscles enter the organ at the 
proximal end of the prostatic vesicle and run between pros- 
tatic gland necks. 

III. Remarks on the evolution of penial "hard" stylets 
in the free-living Plathelminthes and systematic conclusions 

Brüggemann's (1985) investigation of the stylets in Adenor- 
hynchus, Promesostoma, Marirhynchus, and Provortex sug- 
gests that all members of the Rhabdocoela (including Cilio- 
pharyngiella) have a single stylet-forming cell with one nu- 
cleus. His investigation also shows that the stylet needles 

in the acoel Philocelis are formed in individual cells. These 
observations suggest that the evolution of penial stylets pro- 
ceeded from single rods or needles arranged in a cone shape 
(Acoela), to a fusion of rods to form a stylet in a syncytium 
(primitive members of the Rhabditophora, see Doe 1982, 
1985; including Proseriata, see Ehlers and Ehlers 1980), 
and from there to the formation of a stylet within a mono- 
nucleated cell (Rhabdocoela). 

I f  such an interpretation is further corrorborated 
through future fine structural studies on the stylet forma- 
tion within the Plathelminthes, then the syncytial organiza- 
tion of the stylet-forming cell observed in the Macrostomida 
s. str. and the Haplopharyngida would have to be inter- 
preted as a symplesiomorphy within the Rhabditophora. 
Another possibility is that the Haplopharyngida, the Mac- 
rostomida s. str. and the Proseriata have achieved the syn- 
cytial condition secondarily and independently, while the 
Rhabdocoela, with their cellular condition, retained the ple- 
siomorphic state. 

That the Haplopharyngida and Macrostomida do form 
a monophyletic group within the Rhabditophora is sup- 
ported by three synapomorphies between them (the special 
structure of the adhesive system, Tyler 1976; the pharynx 
simplex coronatus, Doe 1978, 1981; and the aciliary sper- 
matozoa, Ehlers 1984). However, the data on the fine struc- 
ture of the prostatic vesicle as weil as the data on the acces- 
sory ceUs in the stylet apparatus (this paper and Doe 1985) 
underscore the known differences between the two groups 
(see Karling 1965, 1974; Tyler 1976; Doe 1981). 

Ax (1984) and Ehlers (1984) have obviously chosen to 
use the name Macrostomida (=  Macrostomida sensu Kar- 
fing (1965)= Macrostomida s. lat. sensu Karling (1974)) for 
a taxon which includes both the Haplopharyngida (sensu 
Karling (1974) and the Macrostomida (=Macrostomida 
s. str. sensu Karling (1974)). To avoid confusion of terms 
it seems appropriate to restrict the name Macrostomida 
to the Macrostomida s. str. and to use a new name for 
the taxon Macrostomida s. lat., which - in analogy to the 
new taxon Acoelomorpha - should be called "Macrosto- 
morpha".  The Macrostomorpha is phylogenetically a weil 
established taxon by virtue of the above listed synapomor- 
phies between the two sister groups. The monophyly of 
the Haplopharyngida is corroborated by the autapomor- 
phies "existence of a protrusible proboscis" and "use of 
a circle of intracellular stylet-needles, located distal to the 
penis stylet". The monophyly of the Macrostomida is sup- 
ported by the autapomorphies "common oviduct in front 
of the male apparatus" (see Karling 1974) and "formation 
of penial hard structures by a framework of microtubules" 
(see Brüggemann 1985). 

Abbreviations 

a accessory spine g3 type III gland cell granules 
c circular muscle h hemidesmosome 
ce centriole i intercellular matrix 
ci cilium im internal muscle 
di dictyosome j septate junction 
e epithelial cell 1 stylet apparatus lumen 
ed ejaculatory duct le spine lateral extension 
ep epidermal cell lm longitudinal muscle 
f rootlet-like ribbon m matrix syncytium 
g prostatic gland cell neck mc male-canal epithelial cell 
gt type I gland cell granules me male canal 
g2 type II gland cell granules mp male pore 



173 

mt microtubules se seminal duct 
mv microvilli sl stylet lumen 
n nucleus sp spot desmosome 
nc nerve cell body sr sperm 
np nerve process sv seminal vesicle 
om oblique muscle t terminal web 
p prostatic vesicle te testis 

epithelial cell u ultrarhabdite 
pv prostatic vesicle z zonula adhaerens 
r rootlet 2 cell type 2 
s stylet 3 cell type 3 
sa stylet apparatus 4 cell type 4 
sc sensory receptor 6 cell type 6 
sd sperm duct 

Appendix 
Diagnosis: Macrostomorpha: Rhabditophora with duo-gland ad- 
hesive organ consisting of viscid gland and releasing gland necks 
emerging in a common collar of anchor cell microvilli; aciliary 
spermatozoa; pharynx simplex coronatus. 
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