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Abstract. The surface structures and gland cells of the posterior rosette organ of Gyrocotyle urna Grube et Wagener, 1852, a 
member of the group presumed to be the most basal of the tapeworms (Cestoda: Gyrocotylidea), was studied by scanning elec-
tron and transmission electron microscopy. Surface structures on the outer (oriented away from the intestinal wall) and inner (in 
contact with the intestinal wall) rosette surfaces differ from each other and represent a transitional form between microvilli and 
microtriches typical of tapeworms (Eucestoda). The inner surface of the rosette possesses numerous glands. On the basis of the 
size and electron-density of their secretory granules, three types of unicellular gland cells can be distinguished. The least com-
mon type (Type I) is characterized by the production of small, round, electron-dense granules of about 0.3 µm in diameter, 
whereas another type of secretion (Type II) is formed from homogenous, moderately electron-dense, spheroidal granules of about 
0.7 µm in diameter. The most common type of glands (Type III) is recognized by a secretion comprising large, elongate, elec-
tron-dense granules of about 1 µm long and 0.5 µm broad. The secretory granules of the three types of the glands are liberated by 
an eccrine mechanism and the gland ducts open via small pores on the inner rosette surface. The complex of secretory glands of 
the posterior rosette of G. urna is similar to those in the anterior attachment glands of monogeneans (as opposed to the types of 
glands present in other helminth groups). However, the tegumental surface structures of Gyrocotyle are supporting evidence for 
the relationship between the Gyrocotylidea and Eucestoda. 

The Gyrocotylidea is a small, enigmatic order of flat-
worms and includes species that are parasites of rat-
fishes (Holocephali: Chimaeridae), an ancient group of 
vertebrates. The Gyrocotylidea is the most basal group 
of cestodes (Brooks et al. 1985, Ehlers 1985, Gibson 
1994, Rohde 1994, Xylander 1986a, 1996, 2001, 2007), 
which has been unequivocally confirmed by molecular 
data (Olson et al. 2001, Lockyer et al. 2003, Waeschen-
bach et al. 2007). Gyrocotylideans are monozoic (con-
tain only a single set of genital organs), unlike most 
other cestodes which are polyzoic (i.e., with repeated 
sets of genitalia), and are attached to the spiral valve 
(intestine) of their host by a posterior rosette organ. 
With this orientation, gyrocotylideans differ markedly 
from the remaining cestode groups, the attachment or-
gans of which are situated at the anterior end of the 
body and play a role in the adhesion of the worm to the 
host’s intestine (Whittington and Cribb 2001).  

Little information is available on the glandular sys-
tem of the rosette attachment organ of adult of speci-
mens of Gyrocotyle Diesing, 1850, the only genus 
within the order (Gibson 1994). The ultrastructure of the 
rosette tegument and its glands in adult worms was 
studied by Lyons (1969), who reported the rosette 

tegument to be covered with bifurcate microvilli and 
that glands of a single type are present on the inner sur-
face of the rosette. Later, Allison (1980) indicated the 
presence of different types of microvilli on the outer and 
inner rosette surfaces of Gyrocotyle rugosa Diesing, 
1850. The fine structure of the anterior glands of the 
larva (lycophore) of G. urna Grube et Wagener, 1852 
was studied more recently by Xylander (1990), who 
described four types of glands differing in the size and 
structure of their secretory granules.  

The opinion on the relationships between gyro-
cotylideans and other members of the Neodermata has 
been controversial. The Gyrocotylidea was recognized 
as a group with affiliation to both monogeneans and 
cestodes by some authors (Bychowsky 1957, Llewellyn 
1965, 1986, Malmberg 1974). On the other hand, most 
recent studies, including those inferred from molecular 
data,  indicate that gyrocotylideans are basal cestodes 
(Brooks et al. 1985, Ehlers 1985, Gibson 1994, Rohde 
1994, Xylander 1986a, 1996, 2001, 2007, Olson et al. 
2001, Lockyer et al. 2003, Waeschenbach et al. 2007).  

Ultrastructural observations of the surface of G. urna 
have revealed the presence of microtriches, thus provid-
ing additional support for the inclusion of the gyro-
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cotylideans in the Cestoda (Xylander 1986b, 2001, 
2007, Poddubnaya et al. 2006). Because of the basal 
position of the Gyrocotylidea in the tree of the Cestoda 
and the still problematical evolution of the neodermatan 
groups in general, ultrastructural investigations of this 
group may provide important data useful for phyloge-
netic studies. The present study provides new informa-
tion on the ultrastructure of the secretory glands of the 
rosette organ of G. urna together with observations on 
the surface structure of the rosette folds. 

MATERIALS  AND  METHODS 

Specimens of Gyrocotyle urna were removed from the spi-
ral valve of a rabbit fish, Chimaera monstrosa L., caught in 
the North Sea off Bergen, Norway in October 2005 by R. Ku-
chta. The worms were fixed entire using 5% glutaraldehyde in 
0.1 M sodium cacodylate buffer (pH 7.2) for 40 days at 5°C, 
rinsed 4 times for 20 min in the same buffer and postfixed in 
1% osmium tetroxide for 1 h. The material was then dehy-
drated in a graded series of alcohol and acetone, and embed-
ded in Araldite and Epon. Ultrathin sections were stained with 
uranyl acetate and lead citrate, and examined using JEM 1010 
and JEM 1011 transmission electron microscopes operating at 
80 kV. For scanning electron microscopical observations, 
fixed tapeworms were dehydrated in a graded ethanol series 
with a final change in absolute ethanol, and then critical-point-
dried with liquid CO2. The specimens were mounted on stubs, 
sputter-coated with gold-palladium and examined using LEO-
1420 and JEOL-7401F scanning electron microscopes operat-
ing at 15 kV. 

RESULTS 

The posterior attachment organ of the body of Gyro-
cotyle urna has a cavity, the funnel, the distal border of 
which has a folded wall, forming a rosette. The two 
sides of irregular folds of the rosette wall are referred to 
as the inner and outer surfaces. The inner surface is di-
rected towards the intestinal wall of the host during at-
tachment, and the outer surface is directed towards the 
lumen of the intestine.  

SEM investigation of the rosette surfaces           Fig. 1 
The rosette organ of G. urna possesses numerous 

folds (Fig. 1a, d, e). Between these folds, eggs may be 
observed (Fig. 1a). In SEM images, the inner surface of 
the rosette folds bears numerous small, dome-shaped 
protuberances (c. 2.5 µm in diameter), which, like the 
remainder of the tegument, are covered by densely 
packed surface structures (Fig. 1b, c). At a greater mag-
nification (Fig. 1c), open pores and numerous minute 
granules can be seen surrounding the dome-shaped pro-
tuberances. The outer rosette surface lacks the latter 
features (Fig. 1f).  

Epithelial surfaces of the rosette                          Fig. 2 
The syncytial distal cytoplasm of the outer and inner 

surfaces of the rosette can be distinguished by differ-
ences in their glandular nature and surface structures 

(Fig. 2a). The syncytial cytoplasm of the outer surface is 
c. 2.2 µm thick and filled with electron-lucent oval vesi-
cles, dark rod-shaped bodies and mitochondria (Fig. 2b). 
The distal cytoplasm lies on a thin basal lamina with an 
underlying fibrous matrix and is connected to the 
epithelial cell bodies lying beneath narrow longitudinal 
and circular muscle layers (Fig. 2a, b). This epithelium 
bears dense, regularly arranged surface structures which 
are lanceolate in shape and c. 350 nm long. Along the 
surface membrane of the basal region (100 nm in length 
and 90 nm in diameter) of these structures is a thin de-
posit of a dark material, and the distal region (c. 250 nm 
of the length) contains electron-dense material (Fig. 2c, 
d).  

The epithelial lining of the inner surface of the ro-
sette is c. 2.3 µm thick. The dense cytoplasm contains 
the same kind of rod-shaped and vesicular inclusions as 
the outer side, and the same kind of underlying basal 
lamina with fibrous matrix occurs beneath the syncytial 
cytoplasm (Fig. 2e, f). However, better-developed circu-
lar and longitudinal muscle layers are on the inner side 
of the folds (Fig. 2f). The external surface of the epithe-
lial cytoplasm is covered with digitiform structures, the 
total length of which is c. 440 nm by 180 nm in width. 
Distally, these structures are not tapered but bi- or tri-
dentate (Fig. 2e, g). Their cylindrical base contains dis-
tal tegumental cytoplasm surrounded and supported by a 
thin, dense layer present beneath the plasma membrane 
(Fig. 2e, g). Two or three (depending on the number of 
the distal ‘teeth’) additional longitudinal rods of dense 
material may also be observed in the basal region in 
both longitudinal and cross-sections (Fig. 2e, g). The 
dense material of these formations unites to form a 
dense apex to the conical ‘teeth’ (Fig. 2g). The ventral 
epithelial wall of the folds is perforated by a large num-
ber of the gland ducts with three distinctive kinds of 
secretion (Figs. 2a, 3a, b, 4a, 5a).  

Type I rosette gland cells                                      Fig. 3 
This type occurs infrequently (Fig. 3a). Every unicel-

lular secretory gland, excluding its duct, is enclosed by 
an irregularly folded plasma membrane and localised in 
the central parenchymal region of the folds (Fig. 3c). 
The cell nucleus contains a nucleolus and a number of 
small areas of chromatin embedded in nucleoplasm. The 
granular endoplasmic reticulum (GER), in the form of 
enlarged cisternae and Golgi complexes, occupies the 
perinuclear region (Fig. 3c, g). Small, spherical, dense 
granules are scattered in the cell cytoplasm (Fig. 3c, g). 
Each granule is bounded by a membrane and contains a 
fine, dense material and measures c. 0.3 µm in diameter 
(Fig. 3e, g). The cell body tapers distally to form a nar-
row extension close to the epithelial cytoplasm that con-
tinues as the secretory duct (Fig. 3a, d). The duct cyto- 
plasm is filled with secretory granules (Fig. 3d). Near 
the terminal end of the duct a single row of micro-
tubules appears within the duct cytoplasm close to its 
plasma membrane (Fig. 3e, f). The pyriform terminal
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Fig. 1. Scanning electron micrographs of the rosette of Gyrocotyle urna. a – region of the rosette folds, showing their outer and 
inner surfaces, with visible eggs between the folds; b – region of the inner surface of the folds covered by elevated, dome-shaped 
protuberances of secretory openings; c – inner surface of the folds showing both closed secretory openings and open secretory 
pores with secretory granules between them; d – the worm body with the rosette at the posterior end; e – rosette organ compris-
ing numerous folds; f – outer surface of the rosette covered with surface structures. Abbreviations: AS – apical tegumental struc-
tures; Eg – eggs; IS – inner rosette surface; OS – outer rosette surface; R – rosette; SG – secretory granules; SO – closed secre-
tory openings; SP – secretory pores. Scale bars: a = 100 µm; b = 4 µm; c, f = 1 µm; d = 10 mm; e = 200 µm.  

 
 

end of the duct passes through the epithelial cytoplasm. 
The ducts terminate in pores that are attached to tegu-
mental tissues by desmosomal contact (Fig. 3f).  
Type II rosette gland cells                                     Fig. 4 

Type II glands are characterized by the production of 
homogenous, spheroidal, moderately electron-dense 
granules c. 0.7 µm in diameter (Fig. 4a, c, g). Cell bod-
ies are situated in the rosette fold midway between the 

dorsal and ventral surfaces and are distinguished by a 
thin layer of perinuclear cytoplasm around the nucleus 
and a GER and Golgi region associated with moderately 
dense, spheroidal inclusions and electron-lucent vesicles 
(Fig. 4c). This type of gland cell body possesses exten-
sions filled with homogenous cytoplasm within which 
solitary secretory granules and vesicles are observed 
(Fig. 4a, b, d) as well as extensions filled with only 
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Fig. 2. Transmission electron micrographs of the epithelial surfaces of the rosette folds of Gyrocotyle urna. a – section through 
the rosette fold; note the location of the secretory ducts close to the inner rosette surface and the outer rosette surface free from 
any secretory apparatus; b – epithelial lining of the outer surface; c, d – surface structures covering the outer surface, showing 
their electron-dense distal extremities; e – surface structures on the inner surface, showing their bi- or tri-dentate distal extremi-
ties; f – epithelial lining of the inner surface; g – longitudinal and cross-sections of surface structures on the inner surface. Abbre-
viations: AP – apical part of the surface structures of the rosette; AS – apical structures on the outer surface of the rosette; BL – 
basal layer; BP – proximal portion of the surface structures of the rosette; CM – circular muscles; DB – dense bodies; DL – sup-
port rods of the proximal part of surface structures of the ventral rosette surface; DM – dense material of the bi- or tri-dentate 
distal extremities; EC – epithelial cyton; F – fibrous matrix; IS – inner rosette surface; LM – longitudinal muscles; M – mito-
chondria; OS – outer rosette surface; SC – secretory cyton; SD – secretory duct; S1 – secretion of Type I glands; S3 – secretion 
of Types III glands; V – vesicles. Scale bars: a = 20 µm; b, f = 2 µm; c, d = 0.2 µm; e, g = 0.5 µm.  
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Fig. 3. Type I secretory glands of the rosette organ of Gyrocotyle urna. a – three kinds of secretion beneath the inner epithelial 
lining; b – two different kinds of spheroidal secretory granules; c – the cell body of a Type I gland; d – the duct of a Type I gland 
with its distal region penetrating the epithelial syncytial cytoplasm; e – S1 type granules within the duct lined by peripheral 
microtubules; f – the terminal region of the gland duct of S1 type granules showing peripheral microtubules and desmosomal 
contact between the duct and the epithelial cytoplasm; g – part of the perinuclear cytoplasm of the cell body of Type I glands 
with round granules. Abbreviations: D – desmosomal contact; EC – epithelial cyton; GC – Golgi complex; GER – granular endo-
plasmic reticulum; Mt – microtubules; N – nucleus; SC – syncytial cytoplasm; SG – secretory granules; S1, S2, S3 – secretion of 
Type I, II, III glands, respectively. Scale bars: a = 5 µm; b–d = 2 µm; e = 0.2 µm; f = 0.5 µm; g = 1 µm.  
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loosely packed secretory granules (Fig. 4g). In the cyto-
plasm of the terminal region of both types of glandular 
extensions, peripheral microtubules are found and the 
terminal region of the secretory duct is held in place 
attached to the internal lining of the epithelial cytoplasm 
by a circular septate desmosome (Fig. 4e, f). The libera-
tion of secretory products (granules and vesicles) is real-
ized by the rupture of the duct plasma membrane which 
extends across the pore (Fig. 4e, g).  

Type III rosette gland cells                                   Fig. 5 
The ventral surface of the folds is perforated by a 

large number of gland ducts with tightly packed large 
electron-dense granules that have an angular appearance 
as a result of their compression within the duct cyto-
plasm (Fig. 5a–c). These large individual secretory gra-
nules were also observed outside the folds (Fig. 5a, b), 
having been voided into the space between the ventral 
surfaces of two folds. The secretory ducts extend from 
the cell bodies localised in the parenchymal region of 
the folds. Small round secretory droplets appear to be 
formed in Golgi complexes of the perinuclear cytoplasm 
of the glands. Within the surrounding cytoplasm they 
fuse to form dense, elongate secretory granules of c. 1 
µm, but up to 1.7 µm, in length and c. 0.5 µm in diame-
ter. The granules are transported through distal exten-
sions of the gland cells that function as ducts which 
penetrate the epithelial layer (Fig. 5b, c). The ducts ta-
per in the region of the epithelium and become con-
stricted, forming a neck through which secretory gran-
ules pass (Fig. 5b, c). Microtubules line the terminal re-
gion of the duct (Fig. 5e). The gland pore is attached to 
the surrounding cytoplasm of the epithelial wall by a 
septate desmosome, which is underlaid by an electron-
dense collar within the duct cytoplasm (Fig. 5d, e). At 
high magnification, cross-sections of this type of secre-
tion show that the granules contain a rough, fibrillar 
material (Fig. 5e).  

DISCUSSION 

The present and previous ultrastructural studies on 
the posterior attachment organ, the rosette organ, of 
Gyrocotyle species have shown that both inner and outer 
surfaces of the rosette folds bear two different kinds of 
apical  structures  (Lyons  1969,  Allison  1980, present  

study). The rosette tegument differs from that of the 
remainder of the body, which is covered by filiform 
microtriches possessing a short electron-dense distal 
spine and a basal plate between their distal and proximal 
regions; these microtriches are small (0.7 µm in length 
and c. 0.06–0.08 µm in breadth) and uniform in shape 
(Xylander 1986b, 2001, Poddubnaya et al. 2006). 
Hence, these filiform microtriches from the body sur-
face of G. urna are identical in structure with those 
found on the surface of all groups of the Eucestoda, and 
their presence supports the extensive phylogenetic data 
indicating the inclusion of the gyrocotylideans within 
the Cestoda (Ehlers 1985, Xylander 2001, 2007, 
Lockyer et al. 2003, Olson and Tkach 2005).  

Unlike the microtriches on the body surface of Gyro-
cotyle, there is a specialisation of the surface structures 
on the rosette folds. The rosette surface structures may 
be considered as transitional forms between microvilli 
and cestode microtriches; this suggestion is based on 
observations of microvilli in larval tapeworms (Kuper-
man 1988, Poddubnaya 1995, Xylander 2001, Tyler and 
Hooge 2004).  

The present TEM study shows that there are three 
types of unicellular secretory glands, thus differing from 
the observations of Lyons (1969), who described only 
one type (our Type III). The three types of the glands 
can be distinguished by their secretory granules. The 
least common type (Type I) is characterized by the pro-
duction of small, round, electron-dense granules of 
about 0.3 µm in diameter, whereas the second type of 
secretion (Type II) is formed from homogenous, moder-
ately electron-dense, spheroidal granules of about 0.7 
µm in diameter. The most common type of gland (Type 
III) is recognized by a secretion comprising large, elon-
gate, electron-dense granules of about 1 µm long and 
0.5 µm broad. Due to the presence of the same type of 
mechanism for the liberation of glandular products, it is 
not possible to determine which type of gland cell forms 
the dome-shaped structures visible in SEM images of 
the ventral surface. 

It should be noted that the presence of two or three 
different types of specialised secretory glands, with a 
secretion comprising rod-shaped and spheroidal gran-
ules and an eccrine release mechanism, have also been 
found in the anterior adhesive areas of some monogene- 

 
 

Fig. 4. Type II secretory glands of the rosette of Gyrocotyle urna. a – secretory ducts beneath the ventral epithelial layer, show-
ing both the ducts and enlarged extensions of the gland-cells filled with spheroidal, moderately dense secretory granules; b – cell 
body of Type II glands, with enlarged extensions containing solitary spheroidal granules; c – region of the perinuclear cytoplasm 
containing extensive GER, Golgi complexes and associated spheroidal granules; d – broad extension of a gland cell with its distal 
region penetrating the epithelial layer; note the presence of spheroidal granules and numerous vesicles within the cytoplasm of 
the extension; e – the voiding of vesicles from the distal extremity of the extension/duct after penetrating the epithelial cyto-
plasm; f – distal extremity of secretory duct beneath the surface plasmalemma, showing spheroidal granules and vesicles within 
the duct cytoplasm and desmosomal contact between the duct and the epithelial cytoplasm; g – the secretory ducts of Type II, 
with loosely packed spheroidal granules, and Type III, with tightly packed elongate granules. Abbreviations: D – desmosomal 
contact; Ex – gland-cell extension; GC – Golgi complex; GER – granular endoplasmic reticulum; Mt – microtubules; N – nu-
cleus; SC – syncytial cytoplasm; SD – secretory duct; SG – secretory granules; S2, S3 – secretion of Type II, III glands, respec-
tively; TE – terminal extremity; V – vesicles. Scale bars: a = 10 µm; b, e, g = 2 µm; c, f = 1 µm; d = 5 µm. 
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ans, where it is supposed that the secretion of these 
glands aids the temporary attachment of the worms to 
the host tissues (Kritsky 1978, El-Naggar and Kearn 
1980, 1983, Rees and Kearn 1984, Kearn et al. 1995, 
Cribb et al. 1997, 1998, Kearn and Evans-Gowing 1998, 
Whittington and Cribb 1998, 1999, 2001, Hamwood et 
al. 2002, Whittington et al. 2004). In addition, experi-
mental studies have shown that abundant large, tubular 
secretory granules of monogeneans form an adhesive 
material and that the spheroidal secretions function in 
the severance of attachment and may also play a role in 
preparing the host tissue for attachment by displacing 
host mucus present on this surface (El-Naggar and 
Kearn 1983, Cribb et al. 1997, Hamwood et al. 2002, 
Whittington et al. 2004). In the anterior attachment 
glands of monogeneans, long, tubular (or rod-shaped) 
secretory granules are always more abundant in secre-
tions than spherical ones (Whittington et al. 2000). The 
present TEM study of the glands of G. urna has demon-
strated that large, elongate secretory granules are more 
numerous than spheroidal ones, thus exhibiting some 
similarity with the situation in monogeneans.  

Numerous large, rod-shaped granules, apparently 
forming the adhesive secretion (see above), are com-
posed of a protein in all monogeneans (Whittington et 
al. 2000, Hamwood et al. 2002). Moreover, Lyons 
(1969) provided histochemical evidence that the large, 
elongate granules of G. urna (the secretion of the Type 
III glands) also contain a PAS-positive material, proba-
bly an adhesive mucoprotein. Taking into account a 
direct correlation between different modes of secretion 
and similarities in the form and quantities of the secre-
tory granules in monogeneans and Gyrocotyle, it can be 
speculated that the abundant large, elongate secretion of 
the Gyrocotyle rosette (from the Type III glands) is the 
adhesive one and that the spheroidal secretion of the 
rosette (from the Type I and II glands) serves to dissolve 
the adhesive secretion during detachment when the 
worm needs to move. The rosette organ of G. urna at-
taches to the mucosal surface of the spiral valve of chi-
maeroid fishes, establishing a strong suction pressure 
when its funnel aperture is attached to the valve wall 
(Halvorsen and Williams 1967). A series of waves of 
contraction passes from the margin of the rosette to-
wards the aperture of the funnel during the attachment 
process of the rosette and enables the worm to move to 
another area of the spiral valve (Watson 1911, Halvor-
sen and Williams 1967).  

The glandular nature of the rosette organ of G. urna 
does exhibit some differences from the frontal (or 
scolex) glands of the apparently more closely related 
Eucestoda. As a rule, only one or two kinds of secretory 
glands associated with the anterior attachment organ are 
found in adult eucestodes; these possess different 
mechanisms (apocrine, eccrine, microapocrine or tumu-

logenesis) for the discharge of their secretory products. 
For example, the members of the order Caryophyllidea 
possess two types of secretory glands with apocrine and 
eccrine mechanisms for voiding their rod-shaped and 
rounded electron-dense secretory granules (Richards 
and Arme 1981, Davydov and Poddubnaya 1988, Pod-
dubnaya et al. 2003). Two types of glands with eccrine 
and apocrine (or tumulogenesis) mechanisms have been 
noted for the release of the spheroidal and rounded os-
miophilic secretory granules of the order Bothriocephal-
idea (Kuperman and Davydov 1982, Diaz-Castaneda et 
al. 1995, Žďárská and Nebesářová 1997, Poddubnaya et 
al. 2007). An apocrine mechanism for the discharge of 
secretory gland cells producing electron-dense, spher-
oidal granules has been observed in the Cyclophyllidea 
(Kuperman and Davydov 1982, Stoitsova et al. 1997). 
Nevertheless, ultrastructural observations of species of 
the orders Diphyllobothriidea, Proteocephalidea, Tetra-
phyllidea and Trypanorhyncha have revealed one or two 
types of anterior glands possessing only eccrine mecha-
nisms for the release of a secretion comprising rounded 
electron-dense granules (Andersen 1975, Coggins 1980, 
Kuperman and Davydov 1982, McCullough and Fair-
weather 1989, Žďárská and Nebesářová 1999, Bruňan-
ská et al. 2000, Žďárská et al. 2004). It should be men-
tioned that the predominant secretions of the anterior 
glands in adult cestodes are glycoproteins (Davydov and 
Mikryakov 1988, Davydov and Poddubnaya 1988, 
McCullough and Fairweather 1989, Stoitsova et al. 
1997).  

In the case of adult digeneans, the adhesive glands 
are associated with suckers (Whittington and Cribb 
2001). Ultrastructurally, only one type of specialised 
gland cells has been revealed in two trematode genera, 
Haplometra and Opisthioglyphe, by Halton and Dermott 
(1967); the secretion of these cells is a mucopolysaccha-
ride. One type of unicellular glands with an eccrine 
mechanism for the discharging of their secretion has 
been described for the adhesive lappets of strigeoid tre-
matodes of the genera Cyathocotyle and Apatemon by 
Erasmus (1969, 1970). In this context, it should be men-
tioned that it has recently been suggested that the Tre-
matoda may be more closely related to the cestodes than 
monogeneans (Park et al. 2007). The attachment organ 
of aspidogastreans also produces only a single type of 
spherical electron-dense granules, as observed in Aspi-
dogaster conchicola by Halton and Lyness (1971), but 
two types of secretions (protein and mucopolysaccha-
ride) were found in Aspidogaster limacoides by Ti- 
mofeeva (1972). A single type of unicellular secretory 
gland, containing two kinds of granules, associated with 
the anterior proboscis of adults of the cestode order 
Amphilinidea has been described by Davydov and Ku-
perman (1993) and Xylander (2001). Another type of 
anterior secretion, which has a syncytial structure and

 



Poddubnaya et al.: Rosette organ of Gyrocotyle urna  

215 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Type III secretory glands of the rosette of Gyrocotyle urna. a – section of two inner surfaces of the folds, showing the 
numerous glandular ducts filled with a dark, tightly packed secretion; note the different phases of duct penetration of the epithe-
lial layer of both ventral surfaces and the free secretory granules in the lumen between folds; b – the voiding of secretory gran-
ules from the duct penetrating the epithelial cytoplasm; c – two secretory ducts tapering towards the epithelial lining and with a 
constriction which forms a neck; d – the distal extremity of a secretory duct connected to the epithelial cytoplasm by desmosomal 
contact; e – cross-section of a duct within the epithelial cytoplasm showing a ring-shaped desmosome; f – region of perinuclear 
cytoplasm of the gland-cell body, producing elongate, electron-dense granules. Abbreviations: D – desmosomal contact; DB – 
dense bodies; GER – granular endoplasmic reticulum; GC – Golgi complex; Mt – microtubules; N – nucleus; ND – neck of the 
secretory duct; SC – syncytial epithelial cytoplasm; SD – secretory ducts; SG – secretory granules. Scale bars: a = 10 µm; b, c = 
2 µm; d, f = 1 µm; e = 0.5 µm.  
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an apocrine (or microapocrine) release mechanism for 
secretory granules, is also present in the latter group 
(Poddubnaya, unpublished data). 

A comparative analysis of the glandular secretion of 
the rosette of adult G. urna with those of anterior secre-
tions of larvae (lycophores) of the same species (Xy-
lander 1990) indicates a similarity in the form of two 
types of glands (Types I and II). However, larval glands 
of the Neodermata degenerate following the infection of 
the first host, and secretory glands are formed again de 
novo in the postlarval stages and are not related to the 
larval ones (Kearn 1971, Dubinina 1974, Kuperman and 
Davydov 1981, 1982, Kuperman 1988, Xylander 1990, 
Whittington and Cribb 2001, Swiderski and Mackiewicz 
2004). 

In conclusion, the similarity between the secretory 
glands of the posterior rosette of G. urna and those in 
the anterior attachment glands of monogeneans (as op-
posed to the types of glands present in other helminth 
groups) may support conclusion that the Monogenea 
may be the sister group of Gyrocotylidea. At the same 

time, the tegumental surface structures of Gyrocotyle 
are supporting evidence for the close relationship be-
tween the Gyrocotylidea and Eucestoda. From the phy-
logenetic point of view, it is important to mention that 
both these characteristics of Gyrocotyle support the 
suggestion of an intermediate evolutionary position of 
the Gyrocotylidea between the Monogenea and Cestoda 
and within the Cercomeromorphae, thus, supporting the 
ideas by Bychowsky (1957), Llewellyn (1965, 1986) 
and Malmberg (1974), but are in contrast to more recent 
views (e.g., Lockyer et al. 2003, Park et al. 2007).  
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