
Available online at www.sciencedirect.com
www.elsevier.com/locate/ijpara

International Journal for Parasitology 38 (2008) 49–55
Rapid Communication

Suppression of the tapeworm order Pseudophyllidea
(Platyhelminthes: Eucestoda) and the proposal of two new

orders, Bothriocephalidea and Diphyllobothriidea

R. Kuchta a, T. Scholz a,*, J. Brabec a, R.A. Bray b

a Institute of Parasitology, Biology Centre of the Czech Academy of Sciences, and Faculty of Science, University of South Bohemia,
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Abstract

Pseudophyllidea van Beneden in Carus, 1863, a well recognised order of tapeworms (Platyhelminthes: Eucestoda), is suppressed
because it is composed of two phylogenetically unrelated groups, for which the new names Bothriocephalidea and Diphyllobothriidea
are proposed. The new orders differ from each other in the following characters: (i) position of the genital pore: on the dorsal, dorso-
lateral or lateral aspects and posterior to the ventral uterine pore in the Bothriocephalidea versus on the ventral aspect of segments and
anterior to the uterine pore in the Diphyllobothriidea; (ii) the presence of a muscular external seminal vesicle in the Diphyllobothriidea,
which is absent in the Bothriocephalidea; (iii) the presence of a uterine sac in the Bothriocephalidea, which is absent in the Diphyllobo-
thriidea; and (iv) the spectrum of definitive hosts: mainly teleost fishes, never homoiothermic vertebrates in the Bothriocephalidea, versus
tetrapods, most frequently mammals, in the Diphyllobothriidea, with species of Diphyllobothrium, Spirometra and Diplogonoporus par-
asitic in humans. The Diphyllobothriidea, which includes 17 genera in four families (Digramma is synonymised with Ligula), is associated
with cestode groups that have a range of plesiomorphic characters (Haplobothriidea and Caryophyllidea), whereas the Bothriocephali-
dea, consisting of 41 genera grouped in four families, is the sister-group to the ‘acetabulate’ or ‘tetrafossate’ cestodes, which are generally
regarded as having derived characters.
� 2007 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The order Pseudophyllidea van Beneden in Carus, 1863
(Platyhelminthes: Cestoda) is one of the major groups of
tapeworms and consists mostly of parasites of marine
and freshwater fish, although some genera are specific to
mammals or, more rarely, to birds, reptiles and amphibians
(Schmidt, 1986; Bray et al., 1994). The order also includes
several important parasites of humans, such as species of
Diphyllobothrium, Spirometra and Diplogonoporus, as well
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as pathogens of fish both in aquaculture and free-living,
such as species of Bothriocephalus, Eubothrium, Ligula,
Schistocephalus and Triaenophorus (Williams and Jones,
1994; Kassai, 1999; Muller, 2002; Chai et al., 2005).

The first tapeworm placed in the Pseudophyllidea was
the ‘‘broad fish tapeworm’’, Diphyllobothrium latum, a large
parasite of humans, which was briefly described by Lin-
naeus (1758) under the name Taenia lata. One century later,
van Beneden in Carus (1863) proposed the name Pseudo-
phyllidea for one of the five groups, among which he accom-
modated all previously described genera of tapeworms
(Cestoda). The taxon Pseudophyllidea was erected by van
Beneden, not by Carus as claimed in the literature (Wardle
and McLeod, 1952; Yamaguti, 1959; Schmidt, 1986; Bray
y Elsevier Ltd. All rights reserved.
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Fig. 1. Phylogenetic tree of basal tapeworms (Eucestoda) inferred from
SSU + LSU data (sequences of the small and large subunits of the rRNA
gene; modified from Brabec et al., 2006). Bayesian majority rule consensus
tree with nodal support based on Bayesian posterior probabilities. Nodal
support of 1.00 and >0.90 indicated by filled and open circles, respectively.
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et al., 1994). Van Beneden should therefore be considered
the author of the taxon because it was cited with his name
when first proposed (Carus, 1863, p. 482) (‘‘Fam. Pseudo-
phyllidea van Ben.’’) as a family. Major contributions to
the systematics of the group were made by Lühe (1902),
Wardle and McLeod (1952), Yamaguti (1959), Protasova
(1977), Delyamure et al. (1985), Yurakhno (1992), and
more recently by Bray et al. (1994, 1999).

The precise position of the Pseudophyllidea within the
‘true’ tapeworms (Eucestoda) has changed frequently, but
pseudophyllideans have usually been placed close to the
most basal orders, such as the Caryophyllidea and Spath-
ebothriidea (see Hoberg et al., 1997, 2001 and references
therein). Pseudophyllideans have been treated as a mono-
phyletic group in most classifications and have been typi-
fied mainly by the possession of two bothria on the
scolex (Schmidt, 1986; Jones et al., 1994).

Hoberg et al. (1997) examined the phylogeny of the
Eucestoda based on a suite of 49 characters derived from
comparative morphological and ontogenetic studies. In
the Pseudophyllidea, these authors found as many as 10
characters of the 49 analysed to be multistate and claimed
that the Pseudophyllidea may prove to be paraphyletic or
polyphyletic. Indeed, the molecular data of Mariaux
(1998), based on partial sequences of the 18S rRNA gene,
those of Kodedová et al. (2000), who analysed complete
sequences of this gene from cestodes of ‘lower’ vertebrates,
and Olson et al. (2001), who compared sequences of the
18S and 28S rRNA genes of members of all recognised
orders, indicated paraphyly or polyphyly of the
pseudophyllideans.

Brabec et al. (2006) provided evidence that the Pseudo-
phyllidea actually consisted of two unrelated clades, differ-
ing markedly from each other in their phylogenetic
position within the Eucestoda. An analysis of sequences
of the 18S and 28S rRNA genes of 25 representatives of
all of the pseudophyllidean families recognised by Bray
et al. (1994) has shown that one group, provisionally
named ‘Diphyllobothriidea’ therein, formed a sister group
to the Haplobothriidea, a very small group composed of
two species in one genus (Brabec et al., 2006). In turn, these
taxa were closely related to monozoic caryophyllideans and
the putatively most basal spathebothriideans (Brabec et al.,
2006). The second clade, ‘Bothriocephalidea’, is apparently
derived, because it appeared as a sister group to the ‘higher’
(‘acetabulate’ or ‘tetrafossate’) tapeworms (Brabec et al.,
2006; Waeschenbach et al., 2007) (Fig. 1).

Therefore, the order Pseudophyllidea is formally sup-
pressed in this paper and new orders are proposed to
accommodate two unrelated clades possessing dorsal and
ventral longitudinal grooves on the scolex called bothria
(Bray et al., 1994). In addition, both new orders are char-
acterised and their differential diagnoses, based on mor-
phological and life-cycle characteristics found during a
systematic revision of the order (Kuchta, 2007; Kuchta
and Scholz, 2007), are provided to reflect the results of
recent phylogenetic studies.
2. Results

2.1. Proposal of new orders

2.1.1. BOTHRIOCEPHALIDEA new order Figs. 1 and 2a, c–f

2.1.1.1. Synonyms: Pseudophyllidea van Beneden in Carus
(1863) in part; Pseudophyllidea van Beneden in Carus
(1863) sensu Wardle et al. (1974); Bothriocephalata Freze
(1974); Bothriocephalinea Euzet (1982).
2.1.1.2. Diagnosis. Cestoda: Eucestoda. Small to large tape-
worms. Strobila usually segmented. Segmentation com-
plete, incomplete, or rarely absent. Segments usually
craspedote, wider than long, anapolytic. Two pairs of main
osmoregulatory canals; ventral canals usually wider, thin-
walled; dorsal canals narrow, thick-walled. Scolex variable
in shape, unarmed, or rarely with hooks, may be replaced
by pseudoscolex or scolex deformatus. Scolex with dorsal
and ventral longitudinal grooves, termed bothria. Apical
disc present or absent. Neck present or absent. Reproduc-
tive organs single in segment, rarely two symmetrical sets
of proglottids present in segment. Testes numerous, medul-
lary, usually in two lateral fields. Sperm ducts convoluted;
external seminal vesicle absent. Cirrus-sac with or without
internal seminal vesicle; cirrus unarmed or armed with
spines or tegumental bulbs. Genital pores on dorsal surface
(median or submedian) or lateral, irregularly alternating.
Ovary medullary, usually bilobed, compact, folliculate or
dendritic, posterior. Vitellarium follicular, extensive, excep-
tionally single, cortical, less often medullary or paramuscu-
lar (between bundles of inner longitudinal muscles). Uterus
variable in shape, divided into tubular, convoluted uterine
duct that may enlarge and compact or diverticulate
(branched) uterine sac; ventral uterine pore present or
absent. Eggs with or without operculum, egg may be
embryonated in uterus; free ciliated coracidium may be
present, usually when eggs are not embryonated in uterus.
One or two intermediate hosts: procercoids develop in
copepods (Crustacea), plerocercoids, if present, in fish.
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Adults in intestine of fish, exceptionally in amphibians
(newts).

2.1.2. DIPHYLLOBOTHRIIDEA new order Figs. 1 and 2b, g

2.1.2.1. Synonyms: Pseudophyllidea van Beneden in Carus
(1863) in part; Diphyllidea Wardle et al. (1974) (nec van
Beneden in Carus, 1863); Diphyllobothriata Freze (1974);
Diphyllobothriinea Euzet (1982); Polygonoporiata Yur-
akhno (1992).

2.1.2.2. Diagnosis. Cestoda: Eucestoda. Medium-sized to
large tapeworms. Strobila usually segmented. Segmentation
complete or incomplete; rarely absent. Segments craspedote
or acraspedote, usually wider than long, anapolytic. Two
pairs of main osmoregulatory canals; ventral canals usually
wider, thin-walled; dorsal canal narrow, thick-walled. Scolex
variable in shape, always unarmed, with dorsal and ventral
longitudinal grooves, termed bothria. Apical disc absent,
or rarely present. Neck present or absent. Reproductive
organs single in segment, rarely double or multiple proglott-
ids in segment. Testes numerous, medullary, usually in single
field. Sperm ducts convoluted, with thick-walled, muscular-
ised external seminal vesicle attached to proximal part of
cirrus-sac. Cirrus-sac usually thick-walled; cirrus unarmed.
Internal seminal vesicle occasionally present. Genital pore
ventral (median or submedian). Ovary medullary, usually
bilobed, posterior. Vitelline follicles numerous, cortical,
rarely paramuscular (between bundles of inner longitudinal
muscles), circum-medullary. Uterus tubular, variable in
shape, opening to exterior through uterine pore situated
posterior to genital pore; uterine sac absent. Eggs usually
operculate, unembryonated; free, ciliated coracidium pres-
ent. Usually two intermediate hosts: procercoids develop in
copepods (Crustacea), plerocercoids in vertebrates. Adults
in intestine of tetrapods, most frequently in mammals.

2.2. Differential diagnosis

The new orders, previously included within the Pseudo-
phyllidea, were differentiated from other cestode orders
currently recognised as valid (Khalil et al., 1994; Olson
et al., 2001; Caira et al., 2005) by the morphology of the
scolex which possesses dorsal and ventral longitudinal
grooves (i.e. bothria) serving as attachment organs, exter-
nal segmentation, proglottization and a follicular vitellar-
ium (Jones et al., 1994).

The Bothriocephalidea differs from the Diphyllobothrii-
dea in the following characteristics:

(i) The genital pores (openings of the cirrus-sac and
vagina) are median, submedian or sublateral on the
dorsal surface or are lateral, whereas they are on
the ventral surface in the Diphyllobothriidea;

(ii) The uterine pore is anterior to the genital pore,
whereas it is posterior in the Diphyllobothriidea;

(iii) An external seminal vesicle is absent, but is present in
the Diphyllobothriidea;
(iv) A uterine sac is present, but is lacking in the
Diphyllobothriidea;

(v) The spectrum of definitive hosts includes fish, with a
few taxa found in newts, which contrasts with that of
the Diphyllobothriidea which are found only in tetra-
pods, never in fish.

Both new orders belong among the ‘bothriate’ groups
(previously also named less appropriately ‘difossate’ – see
Olson et al., 2001), the attachment organs of which are
not separated from the surrounding tissue by a well demar-
cated plasma membrane (lamina basalis) (Caira et al., 1999,
2001; Jones et al., 2004). However, the position of the
Bothriocephalidea and Diphyllobothriidea among other
major groups of the ‘bothriate’ tapeworms remains
unclear, as do the relationships among basal tapeworms
(Olson and Caira, 1999; Kodedová et al., 2000; Olson
et al., 2001; Olson and Tkach, 2005; Waeschenbach et al.,
2007). Therefore, putative sister groups of the Bothrioceph-
alidea and Diphyllobothriidea are not unequivocally
identifiable.

Nevertheless, recent molecular data indicate that the
Diphyllobothriidea are associated with the taxa that have
a range of plesiomorphic characters, namely the Haplobo-
thriidea and Caryophyllidea (Fig. 1) (Waeschenbach et al.,
2007). All three groups share the following characters,
some of them, however, being present also in other ‘both-
riate’ groups (for more data see Khalil et al., 1994; Hoberg
et al., 1997, 2001; Olson et al., 2001): (i) the genital pores
and uterus open on the ventral side of the segment; (ii)
the vitellarium consists of numerous follicles usually dis-
tributed throughout the segment; (iii) the operculate,
unembryonated eggs; (iv) the male genital pore is anterior
to the uterine pore. The last character, present also in the
Spathebothriidea and Gyrocotylidea, might represent a
symplesiomorphy retained by the basal tapeworms
(Cestoda).

Besides possessing a strobila with well-developed exter-
nal segmentation, the polyzoic Diphyllobothriidea can also
be distinguished from the monozoic (non-segmented)
Caryophyllidea by scolex morphology (see Mackiewicz,
1994, 2003), the anterior or equatorial position of the
uterus (confined to the posterior part of the body in the
Caryophyllidea), parasitism in tetrapods, never in fish (ver-
sus teleost fish as the only definitive hosts in the latter
group), a two-host life cycle involving copepods (versus
tubificid oligochaetes in the Caryophyllidea), and other
morphological, ultrastructural, spermiological and biologi-
cal characters reviewed by Mackiewicz (1972, 1994, 2003)
and Hoberg et al. (1997, 2001).

The order Haplobothriidea contains only two species in
one genus, Haplobothrium, parasitic in a relict fish species,
the bowfin (Amia calva), and its affinities and systematic
position have been controversial (Jones, 1994). As an inde-
pendent family, the Haplobothriidae Cooper, 1917, was
placed within the Pseudophyllidea by Wardle and McLeod
(1952), Yamaguti (1959) and Schmidt (1986), whereas



Fig. 2. Schematic drawings of differential morphological characteristics of the new orders Bothriocephalidea (a, c–f) and Diphyllobothriidea (b and g). (a)
and (b), ventral view; (c) and (g), lateral view; (d–f), cross-section. Abbreviations: cs, cirrus-sac; esv, external seminal vesicle; o, ovary; t, testes; u, uterus; us,
uterine sac; vf, vitelline follicles; vg, vagina.

52 R. Kuchta et al. / International Journal for Parasitology 38 (2008) 49–55
Euzet (1959, 1974) and Dubinina (1980) considered hapl-
obothriideans to be a sister group of the Pseudophyllidea.
The anatomy of the segments and the life-cycle patterns
are characteristic of the Diphyllobothriidea (Jones, 1994),
but haplobothriids differ markedly in possessing a tenta-
cle-bearing primary scolex (absent in the Diphyllobothrii-
dea), an undivided secondary scolex depressed on four
sides and a dilated uterine sac (a uterine sac is absent in
diphyllobothriideans) (Bray et al., 1994; Jones, 1994).

The phylogenetic position of the Bothriocephalidea is
also not resolved satisfactorily (Waeschenbach et al.,
2007), but molecular data indicate that it may be a sister-
group to the ‘acetabulate’ (‘tetrafossate’) tapeworms,
which are generally regarded as having derived characters
(Hoberg et al., 1997, 2001; Olson et al., 2001; Brabec
et al., 2006; Waeschenbach et al., 2007). ‘Acetabulate’ ces-
todes differ from bothriocephalideans in possessing aceta-
bulate attachment organs, i.e. bothridia, suckers or both
(Caira et al., 1999, 2001).

Molecular analyses have also indicated possible rela-
tionships between bothriocephalideans, diphyllideans and
trypanorhynchs, the latter being parasites of elasmo-
branchs (Brabec et al., 2006; Waeschenbach et al., 2007).
Although members of the latter two orders also possess
bothria or bothria-like attachment organs (Olson et al.,
2001; Jones et al., 2004), they are markedly different in their
scolex morphology. The scolex of diphyllideans consists of
a ‘head’ and a cephalic peduncle (Khalil, 1994), whereas
that of the Trypanorhyncha possesses a unique rhyncheal
apparatus with four armed, retractable tentacles (Campbell
and Beveridge, 1994).

2.3. List of families and genera recognised in the new orders

2.3.1. Order BOTHRIOCEPHALIDEA new order
2.3.1.1. Bothriocephalidae Blanchard, 1849.

Synonyms: Ptychobothriidae Lühe, 1902; Acompso-
cephalidae Rees, 1969.

Type-genus: Bothriocephalus Rudolphi, 1808.
Other valid genera: Anantrum Overstreet, 1968; Clesto-

bothrium Lühe, 1899; Ichthybothrium Khalil, 1971; Oncodis-
cus Yamaguti, 1934; Penetrocephalus Rao, 1960;
Plicatobothrium Cable & Michaelis, 1967; Polyonchobothri-

um Diesing, 1854; Ptychobothrium Lönnberg, 1889; Senga

Dollfus, 1934; Taphrobothrium Lühe, 1899; Tetracampos

Wedl, 1861.

2.3.1.2. Echinophallidae Schumacher, 1914.

Synonym: Parabothriocephalidae Yamaguti, 1934.
Type-genus: Echinophallus Schumacher, 1914.



R. Kuchta et al. / International Journal for Parasitology 38 (2008) 49–55 53
Other valid genera: Bothriocotyle Ariola, 1900; Neoboth-

riocephalus Mateo & Bullock, 1966; Parabothriocephaloides

Yamaguti, 1934; Parabothriocephalus Yamaguti, 1934;
Paraechinophallus Protasova, 1975; Pseudamphicotyla

Yamaguti, 1959.

2.3.1.3. Philobythiidae Campbell, 1977.

Type-genus: Philobythos Campbell, 1977.
Other valid genus: Philobythoides Campbell, 1979.

2.3.1.4. Triaenophoridae Lönnberg, 1889.

Synonyms: Amphicotylidae Lühe, 1889; Ancistrocepha-
lidae Protasova, 1974.

Type-genus: Triaenophorus Rudolphi, 1793.
Other valid genera: Abothrium van Beneden, 1871; Aili-

nella Gil de Pertierra & Semenas, 2006; Amphicotyle Die-
sing, 1863; Anchistrocephalus Monticelli, 1890;
Anonchocephalus Lühe, 1902; Australicola Kuchta &
Scholz, 2006; Bathybothrium Lühe, 1902; Bathycestus

Kuchta & Scholz, 2004; Eubothrioides Yamaguti, 1952;
Eubothrium Nybelin, 1922; Fistulicola Lühe, 1899; Galaxi-

taenia Gil de Pertierra & Semenas, 2005; Glossobothrium
Yamaguti, 1952; Marsipometra Cooper, 1917; Metaboth-

riocephalus Yamaguti, 1968; Parabothrium Nybelin, 1922;
Pistana Campbell & Gartner, 1982; Pseudeubothrioides

Yamaguti, 1968; Probothriocephalus Campbell, 1979.
Remarks. A detailed revision of the order with amended

generic diagnoses and keys to identification is in prepara-
tion (Kuchta et al., in preparation).

2.3.2. Order DIPHYLLOBOTHRIIDEA new order

2.3.2.1. Diphyllobothriidae Lühe, 1910.

Synonyms: Baylisiidae Yurakhno, 1992; Baylisiellidae
Yurakhno, 1992; Ligulidae Claus, 1868; Glandicephalidae
Yurakhno & Maslev, 1995; Schistocephalidae Yurakhno,
1992.

Type-genus: Diphyllobothrium Cobbold, 1858.
Other valid genera: Baylisia Markowski, 1952; Bayl-

isiella Markowski, 1952; Diplogonoporus Lönnberg,
1892; Flexobothrium Yurakhno, 1979; Glandicephalus

Fuhrmann, 1921; Ligula Bloch, 1782; Plicobothrium

Rausch & Margolis, 1969; Pyramicocephalus Monticelli,
1890; Schistocephalus Creplin, 1829; Spirometra Faust,
Campbell & Kellogg, 1929; Tetragonoporus Skriabin,
1961.

Remarks. Based on molecular data (Luo et al., 2003;
Logan et al., 2004), Digramma Cholodkovsky, 1914 is syn-
onymised with Ligula, in agreement with Wardle and
McLeod (1952), who considered Digramma to be merely
a rare diplogonadic type of Ligula. Multiductus Clarke,
1962 was synonymised with Tetragonoporus Skriabin,
1961 by Delyamure and Skriabin (1968). Bray et al.
(1994) considered Polygonoporus Skriabin, 1967 to be a
synonym of Hexagonoporus Gubanov in Delyamure,
1955, which, however, is considered herein to be a genus

inquirendum because the original description is incomplete
(no data on the scolex, etc.).
2.3.2.2. Cephalochlamydidae Yamaguti, 1959.

Type-genus: Cephalochlamys Blanchard, 1908.
Other valid genus: Paracephalochlamys Jackson & Tins-

ley, 2001.

2.3.2.3. Scyphocephalidae Freze, 1974.

Type-genus: Scyphocephalus Riggenbach, 1898.
Other valid genera: Bothridium Blainville, 1824; Duthier-

sia Perrier, 1873.

3. Discussion

Molecular data (Brabec et al., 2006; Waeschenbach
et al., 2007) provided evidence that both new orders, previ-
ously placed in the Pseudophyllidea, are phylogenetically
distinct. The present study includes the results of molecular
analyses and a subsequent morphology-based evaluation of
most ‘pseudophyllidean’ genera in proposing a new ordinal
classification. Several morphological characters typical of
each of these groups were found, which enabled us to dis-
tinguish them from one another. They were also distin-
guishable based on their host groups. In contrast, the
presence of paired, dorsal and ventral grooves, termed
bothria, on the scolex may represent a homoplastic charac-
ter, because it appears in phylogenetically distinct cestode
groups. However, the possible homologies of bothria and
bothrium-like attachment organs present in the so-called
‘bothriate’ eucestodes, including diphyllideans and try-
panorhynchs, are yet to be identified (Caira et al., 1999,
2001; Olson et al., 2001; Jones et al., 2004).

The Pseudophyllidea has previously been split into two
or three groups by some authors (Freze, 1974; Euzet,
1982; Yurakhno, 1992; Bray et al., 1999; Hoberg et al.,
2001), but none of them suppressed the order as such
and both of the taxa here raised to ordinal level have
almost always been considered to be members of the mono-
phyletic order Pseudophyllidea (Hoberg et al., 1997, 2001).
Wardle et al. (1974) were the first to separate genera of the
current diphyllobothriideans (referred to as ‘Diphyllidea’)
from bothriocephalideans, for which the original name of
the order (‘Pseudophyllidea’) was used. However, these
authors provided neither justification for the separation
of the groups, nor a differential diagnosis. In addition,
the nomenclature they proposed was confusing, especially
in the case of the former group, because the name Diphylli-
dea, considered by Wardle et al. (1994) to be a nomen obl-

itum, has been widely used for cestodes parasitic in
elasmobranchs (Khalil et al., 1994; Tyler, 2006).

The term ‘Pseudophyllidea’ has been used for a long time
for those segmented tapeworms that possessed paired attach-
ment organs formed by dorsal and ventral longitudinal
grooves or tubes in the case of the genus Bothridium. How-
ever, the composition of the order has changed considerably,
as has its delimitation from other cestode orders. Several ces-
tode groups now recognised as independent ordinal taxa
(Khalil et al., 1994), such as the monozoic caryophyllideans,
the non-segmented spathebothriideans and the haplobothrii-
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deans, have previously been placed in the Pseudophyllidea
(Lühe, 1899, 1902; Nybelin, 1922; Fuhrmann, 1931; Wardle
and McLeod, 1952; Brooks et al., 1991). Mola (1921, 1928)
even included lecanicephalideans from elasmobranchs in
the order. Since retaining the name ‘Pseudophyllidea’ for
only one of the groups previously considered to constitute
the pseudophyllidean tapeworms could potentially cause
great confusion, this name is suppressed and two new names
are proposed to accommodate the newly erected orders.

Similarly, two suborders erected by Freze (1974),
Diphyllobothriata and Bothriocephalata, are not elevated
to ordinal status in order to prevent possible confusion,
based on the following reasons: (i) Freze (1974) did not
provide any justification for his new classification nor did
he present differential diagnoses of component taxa (subor-
ders, superfamilies, families and subfamilies), some of
which were proposed as new taxa; (ii) the revised classifica-
tion of the Pseudophyllidea appeared only as abstract from
an international congress; the text contains only one intro-
ductory sentence and then a list of the higher taxa included;
(iii) the names of the suborders erected by Freze (1974) did
not follow widely accepted rules and did not end with
‘‘-idea’’; thus, Freze’s (1974) names would cause confusion;
(iv) the International Code of Zoological Nomenclature
does not apply for taxon names above the family level.

The Bothriocephalidea was considered to be composed of
four families by Bray et al. (1994), but molecular data indi-
cate that some families may be paraphyletic or polyphyletic
(Brabec et al., 2006). Similarly, several genera, including the
largest genus Bothriocephalus, may include unrelated species
groups (Škeřı́ková et al., 2004; Kuchta, 2007).

Regarding the patterns of host associations, a putatively
more basal position of the Diphyllobothriidea compared
with that of the Bothriocephalidea, most members of which
are parasites of teleost fish, indicates that diphyllobothrii-
deans may represent an example of early colonization of
tetrapods (Hoberg et al., 1999).

Bray et al. (1999) suggested that egg morphology and
development, as described by Freeman (1973), could be
integrated into phylogenetic appraisals of ‘pseudophylli-
dean’ cestodes. However, it should be emphasized that
the data on egg morphology and development, although
potentially very promising (see Beveridge, 2001), are diffi-
cult to use in the systematics of the ‘Pseudophyllidea’, as
argued by Bray et al. (1994), because reliable information
is absent on the most significant characters previously used
to delimit genera and families, such as the presence or
absence of an operculum and embryonation of eggs (Freze,
1974; Protasova, 1977; Schmidt, 1986). In addition, almost
no data are available on the life-cycles and postembryonic
development of marine species that form a major part of
the Bothriocephalidea (see Kuchta and Scholz, 2007).
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