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Abstract. Ultrastructural characteristics of progenetic and monoxenic Archigetes sieboldi Leuckart, 1878 from the oligochaete
Limnodrilus hoffmeisteri Claparéde are described. Our observations demonstrate that progenetic Archigetes sieboldi shares
characteristics of both larval (progenetic) and adult stages. The primary larval characteristics are: the presence of a cercomer; a
surface filamentous coat covering the whole worm; the presence of the penetration glands and the absence of tegumental ones;
wide sarcoplasmic processes connecting the circular and longitudinal external tegumental muscles; the absence of the dense
homogenous zone of the basal lamina beneath the epithelial cytoplasm of all reproductive organs and ducts; non-functional
gonopores; and an orthogonal plan of nervous system with three pairs of longitudinal nerve trunks. The principle adult
characteristics are: oogenesis, spermiogenesis and vitellogenesis that produce fertilized eggs; the uterine glands; a well-developed
longitudinal tegumental muscle layer between tegumental cytons; and the presence of different microtriches. As a result of this
progenetic development there has been a secondary reduction in the life cycle of 4. sieboldi. It is postulated that a similar process
of progenesis may have played a major role in the early evolution of the Caryophyllidea by first appearing in a plerocercoid stage

of an ancestral strobilate cestode from fish.

Questions of the origin and evolution of tapeworms
continue to be a controversial subject in helminthology.
A few groups of cestodes, such as the monozoic Caryo-
phyllidea, have a highly disputed position (Hoberg et al.
1997, 1999, 2001, Mariaux 1998, Kodedova et al. 2000,
Littlewood et al. 2001, Mariaux and Olson 2001, Olson
et al. 2001). While oligochaetes typically serve as
intermediate hosts of this group, several species, such as
Archigetes sieboldi Leuckart, 1878 and A. iowensis
Calentine, 1962, are monoxenic (Calentine 1964, Ken-
nedy 1965). Because of the monozoic condition, the
Caryophyllidea has been hypothesised as either being
primarily monozoic and having a basal position among
eucestodes, or as being secondarily derived from a
segmented pseudophyllidean ancestor (see Mackiewicz
1972, 1981 for an extensive review and analysis of these
two views).

There have been many proponents for either hypothe-
sis. One hypothesis is that a monozoic strobila was
ancestral for the eucestodes, as hypothesised by Cam-
eron (1956), Llewellyn (1965), Freeman (1973), Stunk-
ard (1975), Kulakovskaya and Demshin (1978), Dubini-
na (1980), Bazitov (1981), Ehlers (1985) and Malmberg
(1986). In this case, oligochaetes are recognized as the
original, primary hosts of the Caryophyllidea. An al-
ternative hypothesis considers the lack of segmentation
to be secondarily derived from a strobilate ancestor,
namely the Pseudophyllidea (Nybelin 1922, 1962, Wis-
niewski 1930, Fuhrmann 1931, Kirschenblat 1941,
Wardle and McLeod 1952, Joyeux and Baer 1961, Mac-

kiewicz 1972, 1981, 1982, Mamaev 1975, Poddubnaya
et al. 1984, Poddubnaya 2002). This hypothesis recog-
nizes fish as primary hosts. Recent analyses based on
morphology and molecular data (Hoberg et al. 1997,
1999, 2001, Mariaux 1998, Littlewood et al. 2001,
Mariaux and Olson 2001, Olson et al. 2001), though not
resolving the origin of this group of tapeworms, present
strong evidence of a basal position for the monozoic
Caryophyllidea.

The question of whether or not the monozoic state is
a primary or secondary one cannot be answered until the
influence of progenesis in caryophyllidean development
and evolution is resolved through a critical study of the
progenetic status of Archigetes, the classical example of
progenesis in the Caryophyllidea. Progenesis, or the
precocious sexual maturation of an organism while it is
morphologically and developmentally a juvenile, is
often confused with neoteny, terms applied to a sexually
mature adult stage that has retained juvenile characteris-
tics.

The purpose of this paper is to confirm the progenetic
status of A. sieboldi and to identify the larval and adult
characteristics through study of the ultrastructure of te-
gument, glands, muscles, nervous and reproductive
systems and the cercomer of A. sieboldi at different
stages of development within oligochaetes.
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MATERIALS AND METHODS

Different stages of Archigetes sieboldi were recovered
from the coelom of the tubificid oligochaete, Limnodrilus
hoffmeisteri Claparéde, collected from the Latka, a small river
that flows into the Rybinsk Reservoir. The collection site is
very shallow, highly eutrophied, devoid of fish and with an
extraordinarily high concentration of oligochaetes.

Archigetes sieboldi was subjected to two procedures: ex-
perimental infection in fish and culture. For infections, 20
mature and gravid worms from oligochaetes were force-fed by
tube into the gut of 7 carp, Cyprinus carpio Linnaeus,
potential definitive fish hosts. These carp were obtained from
“Sunoga”, site of experimental ponds of the Institute of
Biology of Inland Waters, RAS and were free of worms.
Experimentally infected carp were maintained in aquaria and
examined for worms from 1 to 5 days later. For culture, 15
mature and gravid worms were placed in vials with a medium
consisting of one part serum from blood of bream, Abramis
brama Linnaeus, and 3 parts Hank’s physiological solution,
and incubated for 1, 3, 6, 13 or 24 h at 4°C.

All specimens of 4. sieboldi for electron microscopy were
fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer (pH 7.2) for 1-2 days at 4°C, rinsed for 20 min 4 times
in the same buffer, postfixed in 1% osmium tetroxide for 1 h,
dehydrated in a graded ethanol series and acetone, and
embedded in Araldite. Semithin sections (1 um) were stained
by methylene blue and examined with a light microscope
(MFN-11). Ultrathin sections (60-70 nm) were double stained
with uranyl acetate for 2 h at 20°C, and Reynold’s lead citrate
for 20 minutes at 20°C for examination under a JEOL-100C
transmission electron microscope (TEM) at 80 kV.

For histochemical study of glands, worms were fixed in
Bouin’s (48 h at 4°C) or Carnoy’s (10 h at 4°C) fixatives and
tested for proteins, RNA, glycogen, and glycoproteins on 5-7
um sections (Pearse 1960, Luppa 1977). Distribution of lipids
was revealed by staining frozen sections with Sudan B after
fixation in 10% neutral formalin.

The nervous system of A. sieboldi was demonstrated by the
acetylthiocholine iodide technique of Gomori (1952) as modi-
fied by Kotikova (1967) that localises cholinesterase. Worms
were fixed in 4% neutral formalin for 3 h, followed by 2 rinses
in distilled water. Specimens were then incubated in the
acetylthiocholine iodide substrate for 20 h at 4°C, pH 5.5 and
postfixed in 10% neutral formalin for 3 h. Control specimens
were incubated in the same medium supplemented with 3-5
drops of 1% proserin.

A morphometric analysis of the length, diameter and num-
bers of microvilli and microtriches per square unit area (1
pum?) was done using the method of Graeber and Storch
(1979).

To avoid unnecessary confusion with the terminology of
larval stages, we have retained the terms “procercoid” and
“plerocercoid” as commonly used throughout the helmintho-
logical literature. The terminology of larval cestodes or meta-
cestodes has recently been revised (Chervy 2002) to more
closely follow the interpretations of Freeman (1973) when
dealing with cercomer-bearing stage of caryophyllideans.
Under the new revision, the cercomer-bearing stage of
caryophyllideans is now a “caudate plerocercoid”, or, in the
case of Archigetes, a “progenetic caudate plerocercoid”. Until
this new terminology can be thoroughly assessed, we prefer
the term “procercoid”, particularly in the light of possible
theories of the evolutionary origin of the Caryophyllidea.

The following terms are used to designate stages and levels
of development for 4. sieboldi: mature — any worm with fully-
formed genital organs but without eggs; gravid — any worm
with eggs; larva — stage between egg and adult that lives in the
coelom of oligochaetes, and adult — stage that follows the
larval stage and matures in the intestine of the vertebrate host.

RESULTS

Tegument

Differentiation of the tegument of A. sieboldi occurs
in two stages: primary and secondary. The primary
stage consists of a distal cytoplasmic layer with under-
lying primary tegumental cells, or cytons (Fig. 1). The
distal layer is unusually thin (0.63 + 0.03 pm), and
possesses numerous dense secretory granules (0.15 =+
0.01 x 0.10 = 0.01 um) (Fig. 2) that are derived from
cytons that fuse with each other to form large, syncytial
conglomerates (Fig. 1). Undifferentiated cells occur in
the parenchyma below the primary cytons; short micro-
villi-like structures are on the surface of the primary
tegument (Fig. 2). As development proceeds, the syn-
cytial layer with primary tegumental cells degenerates,
autophagosomes appear and secretory granules disap-
pear.

Formation of the secondary tegument involves devel-
opment of microtriches and a thick surface filamentous
coat. It begins with the outward migration of slightly
differentiated cells from underlying parenchyma and the
presence of microvilli on the surface (Fig. 3). Mi-
crotriches are subsequently formed by accumulation of
an electron-dense substance in the apical part of
microvilli. At any time, therefore, one can find a
mixture of microvilli and complete and incomplete
microtriches (Fig. 4). As the procercoid matures,
microtriches eventually replace all of the microvilli.

Figs. 1-6. Tegument of Archigetes sieboldi, two stages of the differentiation. Fig. 1. Syncytial conglomerate of primary
tegumental cells. Fig. 2. The primary cover layer with secretory granules and microvilli-like structures. Fig. 3. Microvilli of
secondary tegument. Fig. 4. Microtriches and microvilli of secondary tegument. Fig. 5. Cone-like microtriches. Fig. 6.
Filamentous microtriches. Abbreviations: AP — apical parts of microtriches; BP — basal parts of microtriches; DB — electron-
dense bodies; DL — distal cytoplasmic layer; DM — electron-dense material; ML — microvilli-like structures; MT — microtriches;
MYV — microvilli; SC — syncytial conglomerate of primary cytons; SDC — slightly differentiated cells; SG — secretory granules.
Scale bars: Fig. 1 =5 pum; Fig. 2 =0.5 um; Fig. 3 =4 um; Figs. 4-6 = 0.2 um.
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Figs. 7-10. Surface filamentous coat on tegument of gravid Archigetes sieboldi. Fig. 7. Two layers of basal lamina that are
attached to distal cytoplasm of tegument. Figs. 8, 10. Thick filamentous coat on the outer aspect of tegument. Fig. 9. Various
types of tegumentary bodies of distal cytoplasm. Abbreviations: CB — cytoplasmic bridge; DB — electron-dense bodies; DL —
distal cytoplasmic layer; DZ — dense zone of basal lamina; FC — filamentous coat; FL — fibrillar layer of basal lamina; MT —
microtriches; V — vesicles. Scale bars: Figs. 7, 10 = 0.5 um; Figs. 8,9 =10.2 um.

Figs. 11-16. Glands of gravid Archigetes sieboldi. Fig. 11. Cytoplasmic bridge between two penetration gland cells. Fig. 12.
Formation of secretory granules in cytoplasm of the gland cell. Fig. 13. Secretory granules in ducts of penetration glands.
Fig. 14. Exit of the secretion from the duct penetrating the tegumental distal cytoplasm. Fig. 15. Two types of frontal glands after
incubation in bream’s blood. Fig. 16. Processes of tegumental glands with secretory material that enters distal cytoplasm of
scolex tegument. Abbreviations: AG — Golgi apparatus; CB — cytoplasmic bridge; DL — distal cytoplasmic layer; DPG — ducts of
penetration glands; ER — endoplasmic reticulum; M — mitochondrion; MR — microtubule; N — nucleus; PG — penetration glands;
PTG — processes of tegumental glands; SG — secretory granules; TG — tegumental glands. Scale bars: Figs. 11, 13,15, 16 =1 pm;
Fig. 12=10.2 um; Fig. 14=0.5 pm.

278



Poddubnaya et al.: Progenesis of Archigetes sieboldi

279



Two types of microtriches are observed. One is the
cone-like microtrix of the attachment type that prevails
on the scolex (Fig. 5). These microtriches have a base of
0.26 = 0.01 pm in length and 0.19 + 0.01 um in width;
their density is 19.0 + 1.6 per square unit area (1 pm?).
The base, containing tegumental distal cytoplasm with
many fine longitudinal microfilaments, is surrounded by
thin electron-dense material that underlies the plasma
membrane. An electron-dense spine, 0.65 £ 0.07 pm in
length, is composed of closely packed, longitudinal
tubular microfilaments. The second type is the filamen-
tous microtriches (Fig. 6), localised in the middle and
posterior part of the body. Filamentous microtriches are
tubular with an elongated non-strengthened basal part
0.76 £ 0.03 pm in length, 0.11 = 0.1 pm in width and
with a short dense apical part 0.38 = 0.01 pm in length.
They are more densely arranged than the preceding type
with 36.1 = 3.2 per square micrometre.

The tegument of mature 4. sieboldi in the oligochaete
is an extensive syncytium attached to a basal lamina and
sunken perikarya. The basal lamina consists of two
layers, the outermost dense homogenous zone with
closely spaced fibrils and the inner layer of a fibrillar
extracellular lamina (Fig. 7).

Covering the whole worm is a thick filamentous coat
on the outer aspect of the apical plasma membrane
(Figs. 8, 10). The structure of this coat is uniform over
the worm’s surface and may reach 3 pm in thickness.
TEM examination of the distal cytoplasmic layer
reveals the electron-dense bodies and numerous
membrane-bounded vesicles, approximately 0.06—0.09
pum in diameter, randomly distributed in the syncytium
(Fig. 9). This coat was not present on A. sieboldi
cultured in immune blood of bream or on worms
recovered from experimentally infected carp.

Glands

There is one type of unicellular gland in mature A.
sieboldi from oligochaetes. The gland cells are localised
in the central parenchyma of the scolex region and the
middle part of the body. These cells are characterised by
large nuclei and cytoplasm filled with rounded secretory
granules of high electron density that are 0.13 to 0.54
pm in diameter (Fig. 11). The cytoplasm also has a
well-developed Golgi complex, granular endoplasmic
reticulum, and a number of mitochondria (Fig. 12).
Cytoplasmic bridges may connect the individual gland
cells with each other (Fig. 11). Processes from all the
gland cells become ducts in which the secretory
granules accumulate in the scolex (Fig. 13). These
ducts, with walls strengthened by peripheral micro-
tubules, pass through the tegument and discharge their
secretory products. Circular hemidesmosomes and
septate junctions connect the terminal part of each duct
with the distal cytoplasm of the tegument (Fig. 14).
Secretory granules are most numerous in the ducts just
before gravid A. sieboldi rupture the body wall of
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oligochaete. Histochemically, these granules are protei-
naceous.

Archigetes sieboldi from experimentally infected
carp and culture have two types of frontal glands in the
scolex (Fig. 15). One type, penetration glands and simi-
lar to that mentioned above, has microtubules in the
duct walls. The second type, tegumental, lacks micro-
tubules and is characterised by large, elongated elec-
tron-dense granules (0.85 x 0.25 pm) in their cyto-
plasm (Figs. 15, 16). These granules are discharged
from the distal tegumental cytoplasm either as separate
granules, in merocrine fashion, or as an apocrine
secretion with granules enclosed in a small bit of
tegumental cytoplasm. Histochemically, the secretions
of these glands are positive for neutral glycoproteins.

Muscles

In the early procercoid stages, the individual muscle
fibres are immediately beneath the distal tegumental
layer (Fig. 17). Adjacent to these muscle fibres, the peri-
karya have a large nucleus surrounded by small amount
of sarcoplasm with a large number of ribosomes. In a
later procercoid stage, there is a network of muscle
fibres that consists of an outer layer of circular and inner
layer of longitudinal fibres that are joined to each other
by wide sarcoplasmic processes (Fig. 18). These same
muscles are subsequently separated by narrow sarco-
plasmic processes in A. sieboldi that have been incu-
bated for 13 h in culture media (Fig. 21).

Tegumental musculature of mature and gravid A.
sieboldi from oligochaetes is characterised also by a
well-developed longitudinal muscular layer that lays
between tegumental cytons and consists of several
longitudinal fibres (Fig. 19). The myocytons (Fig. 20),
located at varying distances beneath these layers,
contain an unusually large number of ribosomes, mito-
chondria, glycogen, and the profiles of the agranular
endoplasmic reticulum.

Nervous system

The nervous system of mature and gravid A. sieboldi
presents an orthogonal plan that does not involve the
cercomer. Within the body, the nervous system consists
of a cerebral ganglion at the anterior end with three
pairs of longitudinal nerve trunks, all situated at the
same level in the cortical parenchyma (Fig. 22). The
lateral trunks are the largest ones. Less conspicuous,
transverse commissures connect the main lateral
longitudinal nerve cords with each other.

The nervous system of worms from culture or experi-
mentally infected fish was not examined.

Reproductive system

The uterus consists of three distinct regions: two
short distal and proximal, non-glandular portions that
are separated by a long, middle glandular section. The
epithelium of the non-glandular portions is a thin
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Figs. 17-21. The external tegumental group of muscles of Archigetes sieboldi. Fig. 17. Solitary muscles underlying the cover
layer of early procercoid stage. Fig. 18. Wide sarcoplasmic processes between circular and longitudinal muscles of gravid worm
from oligochaete body cavity. Fig. 19. The second well-developed longitudinal tegumental muscle layer of gravid worm. Fig. 20.
Myocytons of the second longitudinal layer of muscle. Fig. 21. Narrow processes of sarcoplasm connect circular and longitudinal
muscles from the 13-h culture. Abbreviations: CM — circular layer of muscles; DL — distal cytoplasmic layer; LM — longitudinal
layer of muscles; M — mitochondrion; N — nucleus; NSP — narrow sarcoplasmic processes; WSP — wide sarcoplasmic process.
Scale bars: Figs. 17, 20 =1 um; Figs. 18, 19,21 = 0.5 pm.
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Fig. 22. Diagram of localisation of three pairs of longitudinal
nerve cords in gravid Archigetes sieboldi. Abbreviations: CP —
cortical parenchyma; DC — dorsal nerve cords; LC — lateral
nerve cords; MP — medullary parenchyma; T — tegument;
TCM - transverse commissure; VC — ventral nerve cords.
Scale bar = 130 pm.

syncytium with conspicuous microlamellae  and
prominent nuclei that bulge into the lumen (Fig. 23). A
basement membrane and a thin extracellular matrix are
present on the internal boundary of distal cytoplasm
(Fig. 23). All reproductive ducts are attached to a basal
lamina that is a thin fibrillar layer without a homo-
genous subepithelial dense zone (Figs. 23, 27, 29).

The longer, middle glandular portion of the uterus
has the perikarya 20-25 pum in diameter at varying
distances beneath a syncytial layer (Figs. 24, 27). Cyto-
plasmic bridges connect the distal cytoplasmic layer
with the uterine glands. Much of the perinuclear cyto-
plasm of the glands is filled with extensive granular
endoplasmic reticulum having moderately dilated cister-
nae (Fig. 27). Between the cisternae are mitochondria,
numerous free ribosomes and round -electron-dense
secretory granules 0.25 to 0.55 pm in diameter (Figs.
24, 27). Secretory granules pass through the cyto-
plasmic bridges into the epithelium and fill the syncytial
layer of the uterine wall (Figs. 24, 27). These granules
are then released into the uterine lumen (apocrine
secretion), enclosed in small epithelial evaginations
(Fig. 24). Some of these granules can be found around
the shell of eggs (Fig. 25). Numerous long lamellae line
the lumen of the distal part of the glandular section
(Figs. 24, 27).

Within the ovary, all oocytes appear to be at the same
stage of maturity and contain large dense nuclei, sur-
rounded by dense cytoplasm. Vitellogenesis takes place
and vitelline globules are clearly evident in the

vitellocytes (Fig. 26); the nucleus also has the large
glycogen inclusion, so characteristic of the Caryophyl-
lidea.

Before joining the cirrus sac the vas deferens forms a
muscular external seminal vesicle. The walls of both the
external seminal vesicle and cirrus sac have a large
number of myofibrils arranged in 25-30 closely ar-
ranged layers (Fig. 28). Between these layers of myo-
fibrils and the peripheral layers of the sac wall are
myocytons (Fig. 28). The large round cirrus sac (up to
160 pm in diameter) has 9.30 + 0.93 pum thick walls and
contains the ejaculatory duct that has a thin syncytial
cytoplasm and is covered with microlamellae (Fig. 29).
The cirrus consists of a syncytial cytoplasmic layer,
1.25 + 0.15 pm thick, lined internally by microtriches
that are uniform in size (Fig. 30). The bases of the
microtriches are 0.53 = 0.03 pm long and 0.08 + 0.01
pum in diameter and the shaft 0.80 + 0.05 um long. The
aggregations of myocytons around the cirrus have long
narrow processes of sarcoplasm-like lamellae (Fig. 31).

The spermatozoa are readily visible in the testis (Fig.
32), vas deferens, ejaculatory duct (Fig. 29), and vagina,
all evidence of active spermiogenesis.

Cercomer

Progenetic A. sieboldi are characterised by a well-
developed cercomer attached to the body by a narrow
stem. It begins as a small protuberance that gradually
increases proportionally in size to the length of the
worm. Its tegument has a typical syncytial structure.
The distal cytoplasm contains numerous free ribosomes
and mitochondria (Fig. 33). Microvilli, with a length of
0.34 £0.01 um and a diameter of 0.08 = 0.01 pum, cover
the tegument of the whole cercomer (Fig. 34). Beneath
the distal cytoplasm are electron-dense tegumental cells
with large nuclei, free ribosomes, and mitochondria
(Fig. 33). Glycogen is present in much of the paren-
chyma in these early stages of development (Fig. 35).

With elongation and growth of the worm, the cerco-
mer tegument changes. The peripheral and perinuclear
cytoplasm of underlying tegumental cytons fills with
electron-dense round-oval granules (0.13 + 0.01 pm),
extensive granular endoplasmic reticulum, very well-
developed Golgi apparatus, free ribosomes, and mito-
chondria (Fig. 37). The distal cytoplasm has also
numerous electron-dense granules (Fig. 36). Micro-
triches were never observed on the cercomer of gravid
A. sieboldi. With maturation of the procercoid, glycogen
is depleted from the cercomer.

Figs. 23-27. Uterus and vitelline cells of Archigetes sieboldi. Fig. 23. Non-glandular portion of uterine epithelium. Fig. 24.
Glandular portion of uterus with glandular cytons. Fig. 25. Shell of egg with secretory granules around it. Fig. 26. Vitelline cell
from vitellarium. Fig. 27. Cytoplasm of uterine gland with extensive granular endoplasmic reticulum. Abbreviations: CB —
cytoplasmic bridges; ER — endoplasmic reticulum; FL — fibrillar layer of basal lamina; FUW — fragments of uterine wall; LM —
longitudinal layer of muscles; MCL — microlamellae; N — nucleus; SE — shell of egg; SG — secretory granules; UG — uterine
glands; UL — uterine lumen; UW — uterine wall; VG — vitelline globules. Scale bars: Figs. 23, 27 = 1 um; Fig. 25 = 0.5 um; Figs.

24,26 =2 um.
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DISCUSSION

The species of Archigetes hold a special place among
all cestodes because of their monoxenic life cycle: they
are parasites of invertebrates that may reach sexual ma-
turity in the coelom of aquatic oligochaetes. Species
such as A. sieboldi and A. iowensis can have not only
the usual two-host, oligochaete-fish cycle, characteristic
of the Caryophyllidea, but also a monoxenic one in
oligochaetes. If there are high densities of oligochaetes,
populations of A. sieboldi can thrive without any verte-
brate host, as is the case in the present study. Given this
invertebrate-only cycle, as well as the monozoic body
plan, it is possible to regard Archigetes as primitive ces-
todes whose ancestors were originally parasites of in-
vertebrates. One might thus consider Archigetes a relict
cestode. On the other hand, a second possibility is that
Archigetes is simply a progenetic procercoid. In this
case, the progenetic, cercomer-bearing stage (procer-
coid) may have evolved, and is secondarily derived,
from a cycle that once had a plerocercoid and a strobi-
late, intestinal stage in fish.

Morphological and developmental data from our
study strongly reinforces the progenetic status of A.
sieboldi. From Table 1, one can see that A. sieboldi
shares characteristics of both larval (procercoid) and
adult stages. The coelom habitat and presence of a
cercomer are self-evident characteristics of a larval
(procercoid) stage and need no further elaboration. On
the other hand, additional information on each of the
other characteristics in this comparative table is given
below.

The ultrastructure of the tegument of A. sieboldi
undergoes pronounced morphological changes during
procercoid development. The primary tegument of
caryophyllidean procercoids is specialised in secretory
activity, perhaps associated with the immune attack of
oligochaete coelomocytes, as described by Calentine et
al. (1970). In later stages, with the second tegument, a
thick filamentous coating forms on the worm’s surface,
similar to the dense glycocalyx layer observed on the
tegument of other caryophyllidean procercoids (Pod-
dubnaya 1995). This glycocalyx also appears to be
similar to that covering the cyst of progenetic
Diplocotyle olrikii from the body cavity of invertebrate
host (Davydov et al. 1997). As in the spathebothriid
cestode D. olrikii, the glycocalyx of A. sieboldi is also
lost after the cestode is in the vertebrate intestine, as
verified by experimental infections of procercoids in
carp. Furthermore, A. sieboldi incubated for up to 24 h

in immune fish serum generally showed the absence of
such glycocalyx. This loss suggests a protective func-
tion for the glycocalyx while the larval cestode is in the
coelom of the intermediate host. This thick filamentous
coat has also been described for larval stages of many
other tapeworms (Davydov and Mikryakov 1988,
Davydov et al. 1997). There is evidence that the
glycocalyx of tapeworms and trematodes is a dynamic
structure. For example, in Hymenolepis diminuta the
turnover time for the *H-galactose labeled constituent
appears to be about six hours (Oaks and Lumsden
1971). In Fasciola hepatica, the turnover continues
throughout the life of the fluke (Hanna 1980a, b).
Apparently the absence of filamentous coat on the
tegumental surface of adult Caryophyllidea from the
intestine of fish (Bequin 1966, Poddubnaya et al. 1986)
is compensated for by well-developed tegumental
glands that produce a complex glycoprotein that may
also have a protective function against the vertebrate
immune response (Davydov and Poddubnaya 1988).
The presence of a filamentous coat or glycocalyx on
progenetic A. sieboldi and its absence from subsequent
stages further confirms the larval status of the gravid
Archigetes stage from oligochaetes.

As in other cestodes, the tegument of Archigetes
contains various types of bodies. Examination of the
distal cytoplasmic layer reveals electron-dense bodies
and numerous membrane-bounded vesicles, randomly
distributed in the syncytium. Both the bodies and
vesicles were observed at the surface of Archigetes in
various stages of exocrine discharge. Early studies have
implicated electron-dense bodies as sources of raw
materials for microthrix synthesis in the Caryophyllidea
(Richards and Arme 1981, 1982, Poddubnaya 1996).
Electron-lucid vesicles, on the other hand, have been
described as pinosomes and secretory vesicles (Oaks
and Lumsden 1971, Lumsden 1975, Threadgold and
Hopkins 1981, Yamane et al. 1982, Oaks and Holy
1994). Autoradiographic studies indicate that tegumen-
tal vesicles of parasitic worms give rise to the glyco-
calyx (Oaks and Lumsden 1971, Hanna 1980b). Histo-
chemical, cytochemical and biochemical studies of
different helminths (Baron 1968, Smyth 1969, Oaks and
Lumsden 1971, Lumsden 1975, Threadgold 1976) have
shown that the secretory vesicles contain glycoproteins.
The glycocalyx lies at the interface with the host and
may protect the worm against the host’s enzymatic
activity (Lumsden at al. 1974, Yamane et al. 1982,
Pappas and Uglem 1990, Oaks and Holy 1994).

Figs. 28-32. The cirrus sac and testis of Archigetes sieboldi. Fig. 28. The wall of cirrus sac. Fig. 29. Ejaculatory duct with sperm.
Fig. 30. Epithelium of cirrus covered with microtriches. Fig. 31. Myocyton of cirrus sac with sarcoplasm-like lamellae. Fig. 32.
Testis with spermatozoa attached to basal membrane. Abbreviations: AP — apical parts of microtriches; BM — basal membrane;
BP — basal parts of microtriches; CSL — lumen of the cirrus sac; CSW — wall of the cirrus sac; DL — distal cytoplasmic layer; FL
— fibrillar layer of basal lamina; IC — part of invaginated cirrus; MC — myocytons; MCL — microlamellae; MF — myofibrils; MT —
microtriches; SL — sarcoplasm-like lamellae; SP — sperm. Scale bars: Fig. 28 = 5 um; Fig. 29 = 1 um; Figs. 30, 32 = 0.5 pum; Fig.

31 =2 pm.
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Microvilli formation and their replacement with
microtriches appear to be the general processes in all
cestodes (Kuperman 1988). Specialised types of micro-
triches are a result of adaptation to various conditions in
the intestine of vertebrate hosts. While microvilli tend to
predominate in larval stages, they are eventually
replaced by microtriches as the cestode matures in the
vertebrate intestine. However, the sequence of devel-
opment is quite different in 4. sieboldi — microtriches
finish their development while the cestode is still in the
coelom of the invertebrate host. The fully developed
microtriches of A. sieboldi show the typical ultra-
structural features characteristic of adult tapeworms.
There is, therefore, precocious maturation of the micro-
triches. Under these circumstances, microthrix function
is unclear because the coelom lacks the high nutritional
resources and motility of the vertebrate intestine.

There are many reports of gland cells in larval and
adult tapeworms (see review of Whittington and Cribb
2001). Specialised unicellular glands appear to be fre-
quent in larval cestodes. The general consensus is that
the frontal glands of larvae are to facilitate penetration
of the larva into the intermediate host (Lethbridge and
Gijsberrs 1974, Goggins 1980, Kuperman and Davydov
1981, Kuperman 1988, Moczon 1996). The occurrence
of such glands only in procercoids of 4. sieboldi may be
connected with their living in the coelom of the oligo-
chaete intermediate host. In this case, the penetration
glands may help gravid 4. sieboldi leave the body cavity
of an oligochaete in order to continue its life cycle.

The tegumental glands of the scolex of adult Caryo-
phyllidea are modified tegumental cells of the anterior
part of the body (Hayunga 1979, Timoshechkina 1984,
Davydov and Poddubnaya 1988) that may facilitate at-
tachment to the intestinal mucosa (Mackiewicz 1972,
Hayunga 1979). The fact that tegumental glands ap-
peared in the scolex of A. sieboldi after incubation of
worms in native serum of bream’s blood or experimen-
tal infection in carp, suggests that the secretion of
neutral glycoproteins from these glands may assist in
protecting the worms from the host’s immune response
(Davydov and Poddubnaya 1988).

The presence of a longitudinal group of muscles be-
tween tegumental cytons is like that described in the
adult caryophyllids, Caryophyllaeus laticeps and Kha-
wia sinensis (Poddubnaya et al. 1986) and Lyrocestus
parvulus (Furtado 1963), and in Ligula intestinalis
(Pseudophyllidea) by Dubinina (1966). These well—
developed tegumental muscles may be an adaptation for
resisting peristalsis, particularly in worms having a
poorly developed holdfast. It seems most likely that the
presence of these muscles in 4. sieboldi is not an adap-
tation for life in the non-motile environment of the coe-
lom, but rather an acceleration or precocious develop-
ment of an adult characteristic, as in the reproductive
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system. Progenesis then can involve not only the repro-
ductive system but also muscles as well.

There does appear to be a discreet difference, how-
ever, between the connections of some of the same
muscle groups in progenetic worms and those in adult
stages. In progenetic 4. sieboldi, there are wide sarco-
plasmic processes between circular and longitudinal
layers of the external tegumental muscles. This appears
to be a procercoid trait of the Caryophyllidea because it
has also been found in procercoids of C. laticeps, K.
sinensis and K. armeniaca (Poddubnaya 1995). In adult
caryophyllideans from the intestine of fish, on the other
hand, narrow processes of sarcoplasm connect these
muscles to one another to form a syncytial structure
(Poddubnaya et al. 1986). A. sieboldi from the 13-h
culture have the narrow muscle processes like those of
adult caryophyllid worms.

Our observations on the nervous system corroborate
those of Wisniewski (1930) that there are three pairs of
longitudinal nerve cords in A. sieboldi. A similar
number was observed earlier in A. appendiculatus (= A.
sieboldi) by Mrazek (1898). In adult caryophyllideans,
on the other hand, the number of longitudinal nerve cord
pairs is reported to be four in C. laticeps (Rahemo and
Al-Kalak 1995), three in Lytocestus indicus (Lyngdoh
and Tandon 1992), and five in C. laticeps (Will 1893,
Kotikova 1976) and Djombangia penetrans (Lyngdoh
and Tandon 1994).

The orthogonal pattern of three pairs of longitudinal
nerve cords, also found in procercoids of the Pseudo-
phyllidea, is regarded as the initial pattern of the nerv-
ous system for cestodes (Kotikova 1976, Kotikova and
Kuperman 1977). According to Kotikova and Kuper-
man (1978), the scolex of all adult pseudophyllidean
cestodes is innervated by five pairs of longitudinal nerve
cords, the same number found in some caryophyl-
lideans. In adult pseudophyllidean tapeworms such as
Diphyllobothrium, the number of fine longitudinal nerve
cords may gradually increase to 60 pairs in the widest
parts of the strobila (Kotikova and Kuperman 1978).

The ultrastructure and secretions of the uterine glands
of progenetic A. sieboldi are similar to that of adult
caryophyllids (Table 1). In adult tapeworms, the uterus
can play an active role in the protection of eggs. For
example, there are the uterine modifications involving a
paruterine organ and parenchymatic capsule formation
in the cyclophyllidean family Nematotaeniidae or
uterine capsule formation without such an organ in the
Dipylidiidae (Conn et al. 1984, Conn 1988, Swiderski
and Tkach 1997). In the Caryophyllidea, it appears that
the conspicuous uterine glands may provide eggs with a
protective coating, similar to that described for
spathebothriids by Davydov et al. (1997). In both of
these groups, the uterine glands are a modification of a
sunken syncytial epithelium of the middle section of the
uterus that produces a thick mucous-like envelope
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Figs. 33-37. The cercomer of Archigetes sieboldi. Fig. 33. Tegument of cercomer of immature worm. Fig. 34. Microvilli of
cercomer syncytial cytoplasm. Fig. 35. Processes with glycogen of cercomer parenchyma. Fig. 36. Distal cytoplasm of gravid
worm with electron-dense granules. Fig. 37. Tegumental secretory cyton of gravid worm. Abbreviations: DL — distal cytoplasmic
layer; ER — endoplasmic reticulum; GP — processes with glycogen; M — mitochondria; MV — microvilli; N — nucleus; SG —
secretory granules; TC — tegumental cells. Scale bars: Figs. 33, 35-37 =1 pm; Fig. 34 =0.2 pm.

around eggs. Our histochemical tests verify earlier ones
(Davydov and Poddubnaya 1988) that this secretion is a
lipoprotein. According to these authors, the mucous-like
envelope may protect eggs during their transport within
the fish intestine. The present study, on the other hand,
describes the same type of uterine glands in A. sieboldi
from the body cavity of an invertebrate. This basic
ultrastructural similarity between uterine glands of

procercoids of A. sieboldi to those of adult caryo-
phyllidean and spathebothriidean worms (Davydov and
Poddubnaya 1988, Davydov et al. 1997) is additional
evidence of a secondary reduction of the life cycle of
Archigetes.

We found that the oocytes and the intrauterine eggs
of progenetic A. sieboldi showed little variation in their
state of development. Normally, oogenesis and egg
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Table 1. Comparison of characteristics of progenetic Archigetes sieboldi with oligochaete and vertebrate stages of other

Caryophyllidea.
. Other Caryophyllidea: Archigetes sieboldi:
Characteristic oligochacte szgle) p};ocercoi q! progenetic procercoid > Vertebrate stage (adult)*
Living site coelom coelom intestine (fish)
Cercomer present present absent
Tegument a) primary tegument present a) primary tegument absent
b) secondary tegument with micro- b) secondary tegument with cone-like and
villi; two types of microtriches, . . filamentous microtriches, microvilli
. as in procercoid
cone-like and filamentous, absent
formed on the base of microvilli
¢) surface filamentous coat present ¢) surface filamentous coat absent
Glands a) penetration glands present, a) penetration glands present, few
many as in procercoid
b) tegumental glands absent b) tegumental glands present
Tegumental | a) wide sarcoplasmic processes a) as in procercoid a) narrow sarcoplasmic processes between
muscles between external circular and external circular and longitudinal
longitudinal muscle groups muscle groups
b) longitudinal muscle layer b) as in adult b) longitudinal muscle layer between
between tegumental cytons absent tegumental cytons present
Ne;;/:tlelrsn 3 pairs of longitudinal nerve cords as in procercoid 5 pairs of longitudinal nerve cords
Reproductive | a) uterine glands absent a) as in adult a) uterine glands present
system b) organs and ducts attached to a b) as in procercoid b) organs and ducts attached to a basal
basal lamina with only a fibrillar lamina with well-developed dense zone
layer, dense zone absent and fibrillar layer
¢) spermiogenesis absent ¢) as in adult ¢) spermiogenesis present
d) vitellogenesis absent d) as in adult d) vitellogenesis present
Gonopore closed by tegument as in procercoid open
Becomes
oravid no yes yes

'caudate plerocercoid and “progenetic caudate plerocercoid (terminology of Chervy 2002); *Khawia armeniaca, K. sinensis,

Caryophyllaeus laticeps, Caryophyllaeides fennica

production in adult caryophyllideans occur over a
period of time as eggs are gradually discharged into the
Iumen of the host’s intestine. In 4. sieboldi, on the other
hand, (a) oogenesis may be rapid and (b) large numbers
of eggs accumulate in the uterus and under the tegument
because of a layer of tegument over the genital pore
(Mrazek 1898, Wisniewski 1930, Calentine and DeLong
1966). As the worm becomes gravid and increases in
size, it ruptures the weakened body wall of the annelid
and is liberated into the environment where it soon dies,
disseminating all of the eggs at the same time.

Related to the reproductive system is the difference
between the basal lamina of adult and progenetic stages.
The reproductive organs and syncytial epithelium of all
ducts of adult C. laticeps are attached to a well-devel-
oped basal lamina (Davydov et al. 1994) that exhibits a
bilayered arrangement consisting of the subepithelial
dense zone (homogenous) and a deeper fibrillar layer.
The basal lamina of A. sieboldi, however, consists only
of a single, thin fibrillar layer. This single layer struc-
ture presumably is a larval or procercoid trait. The
functional significance of this difference is unclear, but
may indicate that, like the muscle processes discussed
above, the histological structure of some part of the
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ducts, i.e. basal lamina, still reflects the larval state of
development.

In all other respects the structure and function of the
reproductive system appears similar to that of adult
caryophyllideans. Spermiogenesis and vitellogenesis
both appear normal by producing viable sperm and the
vitelline (shell) and glycogen constituents of eggs.
Vitellogenesis produces numerous vitelline globules and
a conspicuous glycogen inclusion in the nucleus, as
described in Glaridacris catostomi by Swiderski and
Mackiewicz (1976). Specific details of spermiogenesis
and spermatogenesis are currently under study by the
senior author. The cirrus sac and associated structures of
Archigetes are fully developed and similar to those of
adult caryophyllideans. The lamellar structure of the
myocytons of the cirrus sac no doubt facilitates flexibil-
ity of the copulatory organ, allowing for the possibility
of cross-insemination in the adult, vertebrate-dwelling
stage. However, in the progenetic stage there can be
only self-insemination because the tegument is not
perforated over the genital pore. Sperm were readily
observed in the testes, ejaculatory duct and vagina,
indicating that the male reproductive system is fully
functional in progenetic Archigetes.



A cercomer is characteristic of the procercoid stage
of caryophyllidean cestodes and is the strongest evi-
dence that 4. sieboldi in oligochaetes is still at the larval
stage of development. As the cestode grows and under-
goes morphogenesis, the cercomer assumes an absorp-
tive-trophic function. It is not surprising, therefore, that
microvilli assume the absorptive function rather than
microtriches that are better adapted for conditions in the
vertebrate intestine. A trophic function is indicated by
the changes in glycogen distribution: glycogen is com-
mon in the developing cercomer, but with morpho-
genesis of various organ systems, glycogen is depleted
and is absent in the cercomer of mature Archigetes. The
exact nature of the secretory products of the cercomer
tegument remains unclear; perhaps some have a
protective function (Smyth 1969, Lumsden 1975).
Additional ideas concerning the functional significance of
the cercomer can be found in Jarecka et al. (1981) and
Mackiewicz (1984). Once the procercoid is in the
vertebrate host, the cercomer is shed.

In the final analysis, there is only one characteristic
that basically distinguishes a progenetic procercoid from
a normal one: maturity of the reproductive system. In A.
sieboldi from oligochaetes, the reproductive system is
fully functional: uterine glands are present and oogene-
sis, spermiogenesis and vitellogenesis produce viable
eggs. In non-progenetic species, procercoids lack
uterine glands and the reproductive system is just in the
early stages of organogenesis (Table 1). The net effect
of this difference is to secondarily reduce the life cycle
from two to one host. Though viable eggs are produced,
they cannot be disseminated because the gonopore is
non-functional. Whatever stimulus initiates and controls
reproductive maturation in A. sieboldi, it has to be
“turned on” to initiate the progenetic development.

As summarised in Table 1, the progenetic state of A.
sieboldi can be characterised by the following primary,
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