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ABSTRACT
The Lecanicephalidea (Platyhelminthes: Cestoda) are a morphologically diverse group of
elasmobranch (Chondrichthyes: Elasmobranchii) tapeworms. Currently, 95 species in 16 genera
are recognized as valid. However, nine genera have previously been considered to be genera
inquirenda and these contain nearly 35 species as species inquirendae. The focus of this study
was to determine the taxonomic status of some of these genera inquirenda, especially focusing
on the enigmatic genus Cephalobothrium Shipley & Hornell, 1906 and its allies, Adelobothrium
Shipley, 1900 and Hexacanalis Perrenoud, 1931. The questionable status for these three genera
was based on the fact that limited information was presented in the original descriptions of the
type species, thus the distinctness of these genera was doubtful. In addition, type material of the
type species of these genera was mostly unavailable. The type species of Cephalobothrium,
Cephalobothrium aetobatidis Shipley & Hornell, 1906, was originally described for a single
specimen collected from an eagle ray in the genus Aetobatus Blainville (Myliobatiformes:
Myliobatidae originally identified as Aetobatus narinari [Euphrasen]) from Sri Lanka. The type
species of Adelobothrium, Adelobothrium aetiobatidis Shipley, 1900, was originally described
for specimens also collected from an eagle ray, Aetobatus ocellatus (Kuhl) (originally identified
as A. narinari) from New Caledonia. The type species of Hexacanalis, Hexacanalis abruptus
(Southwell, 1911) Perrenoud, 1931, was originally described for specimens collected from a
butterfly ray, Gymnura micrura (Bloch & Schneider) (Myliobatiformes: Gymnuridae; as
Pteroplatea micrura [Bloch & Schneider]), from Sri Lanka. This dissertation resurrects these
three genera, recognizing them as valid and distinct members of the Lecanicephalidea. Their type
species are redescribed and generic diagnoses revised. Neotypes are designated for both C.
aetobatidis and A. aetiobatidis, while part of the original type series of H. abruptus was available
and a lectotype is designated. In addition, species formerly recognized as members of other
genera are transferred to Adelobothrium and Hexacanalis; these are Tylocephalum marsupium
Linton, 1916 from A. narinari in the Gulf of Mexico transferred to Adelobothrium and
Cephalobothrium pteroplateae Zaidi & Khan, 1976 from a species of butterfly ray from Pakistan
transferred to Hexacanalis. The new species Hexacanalis folifer n. sp. is described from the
zonetail butterfly ray Gymnura zonura (Bleeker) from Borneo. Two new genera are erected,
Stoibocephalum n. gen., from the sharkray, Rhina ancylostoma (Rhinopristiformes: Rhinidae)
and Floriparicapitus n. gen. from sawfish (Rhinopristiformes: Pristidae) and guitarfish
(Rhinopristiformes: Rhinobatidae). Within these two new genera, four new species are
described; these are Stoibocephalum arafurense n. sp., Floriparicapitus juliani n. sp.,
Floriparicapitus euzeti n. sp., and Floriparicapitus chordacistus n. sp. Cephalobothrium
variabile Southwell, 1911 and Cephalobothrium rhinobatidis Subhapradha, 1955 are transferred
to Floriparicapitus n. gen. The recognition of family-level relationships within the
Lecanicephalidea is lagging behind the amount of progress occurring at the alpha-taxonomic
level. Familial classification within the Lecanicephalidea has remained at a stand-still since
1994, when four families were recognized in the order. Many genera have not been placed at the
family-level because of inconsistencies between family and generic diagnoses. The first
molecular phylogeny is generated for representatives of 13 lecanicephalidean genera with taxon
iii	
  
	
  

sampling focused on the five genera central to this study and representatives of the four families
most recently recognized. The results of these phylogenetic analyses show high support for two
clades containing the taxa central to this study. One clade unites Cephalobothrium and
Adelobothrium, thus the Cephalobothriidae Pintner, 1928 is resurrected and the familial
diagnosis is revised. A second clade supports the grouping of Lecanicephalum Linton, 1890,
Tylocephalum Linton, 1890, Hexacanalis, Stoibocephalum, and Floriparicapitus. The most
suitable family name for this clade is the Lecanicephalidae; the family diagnosis of the
Lecanicephalidae is revised to include these five genera. Through the combination of data
collected from whole worms, histological sections, scanning electron microscopy (SEM), and
transmission electron microscopy (TEM) putative morphological characters were investigated
for their potential phylogentic utility. For example, the presence of three pairs of excretory
vessels was confirmed for Hexacanalis, and also identified in Stoibocephalum and
Floriparicapitus, all members of the Lecanicephalidae. The number of excretory vessels in other
members of the Lecanicephalidae, Lecanicephalum and Tylocephalum, needs to be confirmed.
Opportunistic collections of a species of Adelobothrium from the Solomon Islands allowed for
the investigation of mature spermatozoa for this species. This is the first study which fully
characterizes mature spermatozoa for a lecanicephalidean. This study not only investigated
spermatozoa with TEM, but also with SEM to describe features. A unique feature, the anterior
spiral structure, was identified using both TEM and SEM. This feature has never before been
described for cestode spermatozoa. The potential diversity of spermatozoon features within the
Lecanicephalidea remains unknown until spermatozoa of other lecanicephalideans are
investigated. Future studies on members of the Cephalobothriidae and Lecanicephalidae should
focus on a better understanding of species distributions, which are largely contingent on hostspecificity and host distribution. Although this study recognizes both the Cephalobothriidae and
Lecanicephalidae at the family-level, other lecanicephalidean lineages remain unresolved. A
more robust molecular phylogeny, which is expanded to include all lecanicephalidean genera, is
needed to resolve the inter-generic relationships in this order. As a result of this study, taxonomic
diversity in the Lecanicephalidea has expanded to include 21 valid genera and 107 valid species.
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AUTHOR’S DISCLAIMER
All taxonomic actions in this work are hereby disclaimed for nomenclatural purposes, as
recommended in Article 8 of the International Code of Zoological Nomenclature.
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CHAPTER 1
AN INTRODUCTION TO THE CEPHALOBOTHRIIDAE PINTNER, 1928

1

Introduction to the Lecanicephalidea
The phylum Platyhelminthes comprises the free-living Turbellaria and four exclusively
parasitic groups, the Aspidogastrea, Monogenea, Digenea, and Cestoda; collectively these
parasitic representatives are referred to as the Neodermata (Joffe & Kornakova 2001). Within the
Neodermata, the class Cestoda are the second most diverse group, with over 5,000 species
described (Caira & Littlewood 2013). The Cestoda, commonly referred to as tapeworms, are
characterized by the absence of a digestive system, and by the presence of surface elaborations
called microtriches (Chervy 2009). Tapeworms, as adults, have been successful in parasitizing
all classes of vertebrates. Representatives include those of medical importance to humans such as
the pork tapeworm, Taenia solium Linnaeus, 1758, or the broad-fish tapeworm,
Diphyllobothrium latum (Linnaeus, 1758) Cobbold, 1858. Currently, 18 cestode orders are
recognized and their interrelationships are relatively well understood (Mariaux 1998; Hoberg et
al. 1997, 2001; Olson et al. 2001; Waeschenbach et al. 2007, 2012). Recent studies have focused
on advancing our understanding of phylogenetic relationships within individual orders including
the Bothriocephalidea and Diphyllobothriidea (Kuchta et al. 2008), Rhinebothriidea (Healy et al.
2009), Trypanorhyncha (Palm et al. 2009; Olson et al. 2010), and Diphyllidea (Caira et al. In
press); the relationships within a number of even the more speciose orders remain to be tested in
a molecular phylogenetic framework, e.g., Caryophyllidea (Oros et al. 2008), Cyclophyllidea
(Hoberg 1999; von Nickisch-Rosenegk et al. 1999), Lecanicephalidea (Caira et al.1999, 2001;
Jensen 2005), and Tetraphyllidea (see Caira et al. 1999, 2001).
Among the 18 recognized tapeworm orders, seven are exclusively parasitic as adults in
sharks and rays (Chondrichthyes: Elasmobranchii); these are the Cathetocephalidea (6 species),
Diphyllidea (70 species), Lecanicephalidea (100 species), Litobothriidea (8 species),
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Rhinebothriidea (100 species), Tetraphyllidea (450 species), and Trypanorhyncha (300 species)
For species estimates see http://tapeworms.uconn.edu/index.html. Among these, the
Lecanicephalidea represent a monophyletic order (see Caira et al. 1999, 2001). In the most recent
revision of the Lecanicephalidea, Jensen (2005) recognized 70 valid species in 12 genera.
Currently, 95 species in 16 genera are recognized as valid (see Jensen 2005; Pramanik & Manna
2006, 2007; Vankara et al. 2007; Jensen et al. 2011; Khamkar 2011; Koch et al. 2012; Mojica et
al. In press). Jensen (2005) considered the validity of nine genera and nearly 50 species
questionable and declared them as genera inquirenda and species inquirendae, respectively.
Despite recent taxonomic efforts at the genus and species levels (Jensen et al. 2011; Koch et al.
2012; Mojica et al. In press), family-level classification within the Lecanicephalidea is
considerably lagging behind the discovery of its diversity. The order has not been the subject of a
focused phylogenetic analysis using molecular data. Some studies have included
lecanicephalidean representatives in higher-level molecular phylogenies, but no study has used
more than three taxa (Olson et al. 2001; Waeschenbach et al. 2007, 2012; Healy et al. 2009;
Jensen & Bullard 2010).
Familial classification within the Lecanicephalidea has remained at a stand-still for nearly
two decades (Euzet 1994). This is due largely to the recent focus on alpha taxonomy in the
group, which has expanded the order from five valid genera in four families (Euzet 1994) to 16
valid genera, many of which have not been placed in a family (see citations above). Most of
these genera have been distinguished from one another due to grossly different scolex
morphology. The taxonomic history of the Lecanicephalidea is not without controversy.
Members of the Lecanicephalidea have in the past been placed within orders including the
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Tetraphyllidea (e.g., Linton 1890; Meggitt 1924; Woodland 1927; Spasski 1958; Euzet 1959),
Diphyllidea (in Mola 1921; 1929), or Cyclophyllidea (Southwell 1925).
At the beginning of this study nine genera were considered genera inquirenda (Jensen
2005). These are: Adelobothrium Shipley, 1900, Anthemobothrium Shipley & Hornell, 1906,
Cephalobothrium Shipley & Hornell, 1906, Flapocephalus Deshmukh, 1979, Hexacanalis
Perrenoud, 1931, Kystocephalus Shipley & Hornell, 1906, Sephenicephalum Shinde, Sarwade &
Jadhav, 1980 or 1982, Staurobothrium Shipley & Hornell, 1905, and Thysanobothrium Shipley
& Hornell, 1906. The questionable status for these genera was based on the fact that because
limited information was presented in the original descriptions of the type species, the distinctness
of these genera was doubtful. In addition, type material of the type species of these genera was
mostly unavailable. Interestingly, seven of these genera inquirenda were originally described
from only two species of rays; Adelobothrium, Cephalobothrium, Kystocephalus, and
Staurobothrium from spotted eagle rays, originally identified as Aetobatus narinari (Euphrasen),
and Anthemobothrium, Flapocephalus, and Sephenicephalum from cowtail stingrays, originally
identified as Trygon sephen (=Pastinachus sephen Forsskål); the host identity of A. narinari is
questionable (see Chaps. 2.1 and 2.2). Most of these genera have not been reported since their
original descriptions over a century ago. Cephalobothrium, Flapocephalus, Hexacanalis, and
Sephenicephalum are the only of these genera inquirenda in which additional species have been
described (see Jensen 2005). This study centers on a selected group of genera inquirenda which
(1) share a superficially similar proglottid anatomy; (2) had been linked taxonomically in the
past; and (3) once revised would contribute most to our understanding of morphological diversity
at the generic level. These are Cephalobothrium, Adelobothrium, and Hexacanalis.
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A brief taxonomic history of Cephalobothrium, Adelobothrium, and Hexacanalis
The genus Cephalobothrium may be one of the most misdiagnosed lecanicephalidean
genera. This is primarily due to the fact that limited anatomical detail was presented in the
original diagnosis of the genus (Shipley & Hornell 1906) and the description of its type species,
Cephalobothrium aetobatidis Shipley & Hornell, 1906. Meggitt (1924) was the first author to
place Cephalobothrium in a family, the Lecanicephalidae Braun, 1900, alongside other
lecanicephalidean genera Adelobothrium Shipley, 1900, Lecanicephalum Linton, 1890, and
Tylocephalum Linton, 1890 and the tetraphyllidean Discocephalum Linton, 1890 (jr. synonym
of Disculiceps Joyeux & Baer, 1936). Other authors similarly recognized Cephalobothrium in
the Lecanicephalidae (see Southwell 1925; Poche 1926) or among the tetraphyllideans
(Woodland 1927) in the Phyllobothriidae Woodland, 1927. However, Pintner (1928) erected the
family Cephalobothriidae Pintner, 1928 to distinguish among different scolex and strobila
morphologies observed in some genera he had available to him, such as Cephalobothrium,
Tylocephalum, and Tetragonocephalum Shipley & Hornell, 1905. For example, he distinguished
Cephalobothrium, having a scolex with a large terminal sucker and proglottids that are
craspedote, from Tetragonocephalum, having a scolex with a terminal non-glandular cushion and
acraspedote proglottids (Pintner 1928). In creating the Cephalobothriidae, Pintner (1928)
included alongside Cephalobothrium the genera Adelobothrium and Tylocephalum. Other genera
including Lecanicephalum, Polypocephalus Braun, 1878, and Tetragonocephalum were included
in the “Gruppe der Name Lecanicephalidae” in the text (see pg. 111 in Pintner 1928). However
the Lecanicephalidae was not included in his cestode classification which included the family
name Tetragonocephalidae (see pg. 113 in Pintner 1928). Since the creation of the
Cephalobothriidae many authors have recognized it as a valid family, albeit with a variable
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composition of genera (Fuhrmann 1931; Joyeux & Baer 1936, 1961; Hyman 1951; Wardle &
McLeod 1952; Riser 1955; Euzet 1956, 1959; Spasski 1958). However, Cephalobothrium has
also been considered a member the family Lecanicephalidae by those authors who did not
recognize the Cephalobothriidae as a valid family (Southwell 1930; Yamaguti 1959; Schmidt
1970). Most recently, Cephalobothrium was considered a genus inquirendum in the
Lecanicephalidae (Euzet 1994).
As mentioned above, the original members of the Cephalobothriidae were
Cephalobothrium, Adelobothrium, and Tylocephalum (see Pintner 1928). Adelobothrium has also
been considered a member of the Cephalobothriidae by other authors (Wardle & McLeod 1952;
Joyeux & Baer 1961). Wardle & McLeod (1952) also considered Hexacanalis,
Anthemobothrium, Staurobothrium, Tylocephalum, and Polypocephalus alongside
Cephalobothrium in the Cephalobothriidae. Joyeux & Baer (1961) circumscribed
Cephalobothriidae differently, including Cephalobothrium, Adelobothrium, Hexacanalis, and
Tetragonocephalum. Furthermore, the Adelobothriidae Yamaguti, 1959, containing only
Adelobothrium was created (Yamaguti 1959), however this was accepted by few authors
(Schmidt 1970, 1986; Wardle et al. 1974).
Among the genera inquirenda recognized by Jensen (2005), Hexacanalis has the most
tenuous affiliation with Cephalobothrium. Perrenoud (1931) created Hexacanalis for a species
originally described in Cephalobothrium, Cephalobothrium abruptum Southwell, 1911. The
erection of Hexacanalis has been questioned repeatedly; some authors have considered
Hexacanalis a junior synonym of Cephalobothrium (e.g., Zaidi & Khan 1976; Campbell &
Williams 1984; Rego 1985; Butler 1987), while others have treated it as a junior synonym of
Lecanicephalum (e.g., Fuhrmann 1931; Euzet 1994). When recognized as a valid genus,
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Hexacanalis has often been included in the Lecanicephalidae (Yamaguti 1959; Joyeux & Baer
1961; Schmidt 1970; 1986).

Goals of this study
Despite Jensen’s (2005) monograph on the Lecanicephalidea, the validity of several
genera, including Cephalobothrium, Adelobothrium, and Hexacanalis still remains in question.
Moreover, the relationship of these three genera relative to one another and to other
lecanicephalidean genera is unknown. The priority of this study was to investigate the validity of
Cephalobothrium, Adelobothrium, and Hexacanalis. The validity of these genera is ultimately
tied to the unambiguous determination of the status of their respective type species. Thus the
most pressing issue is to provide detailed and updated generic diagnoses which will allow for
redescriptions of their type species, C. aetobatidis, Adelobothrium aetiobatidis Shipley, 1900,
and Hexacanalis abruptus (Southwell, 1911) Perrenoud, 1931. Only with updated concepts of
these genera can we begin to investigate how they are related to one another in a phylogenetic
context. Intensive collecting efforts over the past decade, especially focused on elasmobranchs in
the Indo-West Pacific region, have resulted in the availability of newly collected specimens of
the taxa in question for taxonomic purposes. Among this material, initially attributed to existing
genera, were representatives of new taxa. In addition, opportunistic collecting of
lecanicephalideans preserved for molecular study and transmission electron microscopy served
as a source of material for the phylogenetic and ultrastructural components of this study.
The main goals of this dissertation are as follows: (1) to determine the taxonomic validity
of Cephalobothrium, Adelobothrium, and Hexacanalis and the erect new genera, Stoibocephalum
and Floriparicapitus, putative relatives of the genera in question; (2) to generate the first
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molecular phylogeny for the Lecanicephalidea including broad sampling across the order and
intensive sampling within the genera in question; (3) to establish the familial placement of the
genera treated herein in detail based on these results, and (4) to present the first investigation and
detailed description of spermatozoa for a lecanicephalidean, Adelobothrium sp.
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CHAPTER 2
VALIDITY OF CEPHALOBOTHRIUM SHIPLEY & HORNELL, 1906,
ADELOBOTHRIUM SHIPLEY, 1900, AND HEXACANALIS PERRENOUD, 1931 &
ERECTION OF TWO NEW GENERA, STOIBOCEPHALUM AND FLORIPARICAPITUS
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CHAPTER 2.1
VALIDTY OF CEPHALOBOTHRIUM SHIPLEY & HORNELL, 1906
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ABSTRACT
Cephalobothrium Shipley & Hornell, 1906 was considered a genus inquirendum based on
the lack of detailed information presented in the original diagnosis of the genus. The single type
specimen of the type species, Cephalobothrium aetobatidis Shipley & Hornell, 1906, cannot be
located and is assumed to be lost. Since its erection, the genus has become a receptacle for any
lecanicephalidean (Cestoda: Lecanicephalidea) species with a large sucker-like apical organ
regardless of proglottid and strobilar morphology. Cephalobothrium aetobatidis was originally
described from the spotted eagle ray, Aetobatus narinari from waters off Sri Lanka. In an effort
to recollect this enigmatic taxon, 24 specimens of Aetobatus were collected across the Indo-West
Pacific including Australia, Thailand, Taiwan, Malaysia, Indonesia, Vietnam, and the Solomon
Islands. Specimens most consistent with the original description and illustrations of C.
aetobatidis were found parasitizing Aetobatus ocellatus collected off Darwin, Northern Territory,
Australia. Based on these specimens, the types species is redescribed. In addition, the generic
diagnosis is revised to reflect the more comprehensive knowledge of this taxon. Specimens
previously reported as C. aetobatidis parasitizing other host genera (i.e., Neotrygon,
Anoxypristis, and Gymnura) were examined and confirmed to be inconsistent with the revised
generic diagnosis of Cephalobothrium. The status of all other nominal members of
Cephalobothrium is discussed.

INTRODUCTION
For over a century Cephalobothrium Shipley & Hornell, 1906 has served as a repository
for lecanicephalidean species with "sucker-like" apical organs. The original diagnosis of the
genus and the original description of its type species, Cephalobothrium aetobatidis Shipley &
Hornell, 1906, lack important morphological detail. The only details presented include the
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presence of a large terminal sucker and four small suckers on the scolex, proglottids that are
craspedote, total length of a single worm, and width the scolex and terminal proglottid (Shipley
& Hornell 1906). Other diagnostic features such as the number and distribution of testes, shape
of the ovary, position of the vagina, or presence of an external seminal vesicle are unknown. This
limited information has led to its status as a genus inquirendum (Euzet 1994; Jensen 2005). Since
1906, an additional 16 nominal species (see Table I) have been assigned to Cephalobothrium
based primarily on the presence of a scolex with four suckers and some form of a terminal sucker
(see for example Southwell 1911; Zaidi & Khan 1976; Ramadan 1986) or presumably for the
lack of a more appropriate genus to place them in. The nominal species currently recognized in
Cephalobothrium form a seemingly eclectic assemblage of species, possessing a diversity of
characters. For example, species of Cephalobothrium possess apical organs in the form of an
internal pad (C. aetobatidis, see Shipley & Hornell 1906), in the form of a sheet with folded
margins (C. variabile and C. rhinobatidii, see Southwell 1911 and Subhapradha 1955,
respectively), or in the form of an external muscular pad (C. gyumnurai and C. pteroplateai, see
Zaidi & Khan 1976; C. taeniurai, see Ramadan 1986). As a whole, several current members of
Cephalobothrium are inconsistent with the limited information available in the original
diagnosis. In an effort to clarify the taxonomic status of Cephalobothrium and its nominal taxa,
specimens consistent with the original description and illustrations of C. aetobatidis were
collected from the whitespotted eagle ray, Aetobatus ocellatus (Kuhl), albeit not from the type
locality. Aetobatus narinari, the type host reported by Shipley & Hornell (1906), does not occur
in the Indian Ocean (Richards et al. 2009; White et al. 2010), thus A. ocellatus is assumed to be
the most appropriate host for C. aetobatidis (see Discussion). These specimens have allowed for
the redescription of C. aetobatidis and a revised generic diagnosis. In light of this updated
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concept of the genus, the placement and status of all nominal species in the genus is also
evaluated.

MATERIALS AND METHODS
Twenty-seven specimens of three species of Aetobatus were collected and necropsied.
Details regarding each host individual including identifcation, collecting locality, and host
identification number can be found in Table II. Images and additional information for each host
specimen may be found using the host identification number (e.g., AU-41) in the host database
associated with the Global Cestode Database at http://elasmobranchs.tapewormdb.uconn.edu.
For each host specimen, the spiral intestine was removed and opened with a longitudinal
incision. Individual worms were removed from the spiral intestine, and the individual worms and
the spiral intestine were fixed in 10% formalin buffered with seawater and subsequently
transferred to 70% ethanol for storage. In the lab, spiral intestines were examined for tapeworms
using a dissecting microscope. Tapeworms were removed from the spiral intestine and prepared
for examination by light microscopy according to the following protocol. Worms were hydrated
in a graded ethanol series, stained with Delafield’s haematoxylin, dehydrated in a graded ethanol
series, cleared in methyl salicylate, and mounted in Canada balsam on glass-slides under coverslips. Mature proglottids of one specimen of C. aetobatidis were isolated and prepared as
histological sections. Cross-sections of these proglottids were prepared as follows: the
proglottids were dehydrated in a graded ethanol series, cleared with xylene, and embedded in
paraffin according to standard techniques. Proglottids were serially sectioned at a thickness of 7
m using a TBS CUT 4060 Microtome. Sections were floated in 3% sodium silicate on glass
slides. Slides were allowed to air-dry, then were de-paraffinized in xylene, hydrated in a graded
ethanol series, stained with Delafield’s haematoxylin, counterstained with eosin, dehydrated in a
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graded ethanol series, cleared in xylene, and mounted in Canada balsam under cover-slips.
Specimens prepared as whole worms and histological sections were examined with a Zeiss
Axioskop 2 Plus compound microscope. Scoleces of two specimens were prepared for scanning
electron microscopy (SEM) by the following protocol. Scoleces were hydrated, fixed in 1%
osmium tetroxide overnight, dehydrated in a graded ethanol series, transferred to
hexamethyldisilizane (HMDS) for 30 minutes, air-dried, and mounted on aluminum stubs with
double-sided adhesive carbon tape. Specimens were sputter coated with c.35 nm of gold and
examined with a Zeiss LEO 1550 field emission scanning electron microscope. Line drawings
were made using a drawing tube attached to the above mentioned compound microscope.
Measurements of reproductive organs were taken from mature proglottids unless otherwise
specified. Measurements are reported in micrometers (m) with the exception of total length
which is reported in millimeters (mm). Measurements in the text are reported as the range
followed parenthetically by mean, standard deviation, number of worms examined, and total
number of measurements if more than one measurement was taken per worm. Measurements
from the original description of Shipley & Hornell (1906) are presented in the text in brackets in
bold. Microthrix terminology follows Chervy (2009). The neotype specimen and a subset of
voucher specimens are deposited at the Queensland Museum (QM), Brisbane, Australia.
Additional voucher specimens, consisting of 15 specimens labeled Cephalobothrium aetobatidis
from Southwell’s collection, are deposited at the Natural History Museum (NHM), London,
United Kingdon. Host specimen identification follows Naylor et al. (2012).

REDESCRIPTION
Cephalobothrium aetobatidis Shipley & Hornell, 1906
(Figures 1–3)
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Redescription (Based on 9 whole worms, 1 serial cross-section series of mature
proglottids and its scolex and strobilar voucher, and 2 scoleces prepared for SEM and their
strobilae vouchers): Worms 8–18 [10] (11.9 ± 3; 9) mm long, euapolytic; maximum strobilar
width 279–389 (333 ± 30; 9) at posterior of strobila; proglottids 113–146 (130 ± 14; 9) in
number, craspedote. Longitudinal muscle bundles distinct, extending entire length of strobila,
encircling reproductive organs. Scolex consisting of scolex proper with 4 acetabula, apical
modification of scolex proper, and apical organ (Figs. 1A, 2A, 3A). Scolex proper 390–488 (426
± 36; 6) long by 509–650 [500] (589 ± 46; 9) wide. Acetabula in form of suckers, round, 149–
188 (166 ± 14; 9, 18) in diameter (Figs. 1A, 2A). Apical modification of scolex proper housing
apical organ, forming large aperture at apex of scolex proper, maybe partially invaginated.
Aperture formed by apical modification of scolex proper, variabile in size. Apical organ internal,
in form of thick glandular pad, 202–283 (232 ± 31; 6) long by 275–386 (338 ± 33; 8) wide.
Surface of scolex proper covered with capilliform filitriches and hastate spinitriches (Fig.
2D). Surface of apical modification of scolex proper with capilliform filitriches and hastate
spinitriches (Fig. 2E). Sucker surface with capilliform filitriches and scolopate spinitriches (Fig.
2G). Apical organ surface covered with papilliform filitriches (Fig. 2B). Strobilar surface
covered with scolopate spinitriches (Fig. 2F).
Cephalic peduncle absent. Immature proglottids 103–136 (118 ± 11; 9) in number, wider
than long, becoming square to slightly longer than wide with maturity; posterior-most immature
proglottid 249–400 (331 ± 49; 9) long by 231–363 (306 ± 38; 9) wide. Mature proglottids 5–16
(11 ± 4; 9) in number, longer than wide; posterior-most mature proglottid 565–1,039 (721 ± 143;
9) long by 225–311 [500] (277 ± 30; 9) wide. Testes 14–18 (16 ± 1; 9, 27) in number, 29–59 (42
± 9; 9, 27) long by 32–58 (63 ± 7; 9, 27) wide, extending from anterior margin of proglottid to
level of ovary, in multiple layers in cross-section (Fig. 3B). Vas deferens expanded to form
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external seminal vesicle, medial in proglottid, extending from ootype region anteriorly to enter
cirrus sac at its anterior margin. Internal seminal vesicle absent. Cirrus sac oval, 91–150 (118 ±
19; 9) long by 57–87 (75 ± 10; 9) wide, positioned horizontally in proglottid, containing coiled
cirrus. Cirrus spinitriches absent. Ovary 146–264 (183 ± 35; 9) long by 154–379 (210 ± 76; 9)
wide, essentially H-shaped in frontal view (Fig. 1B), bilobed in cross-section (Figs. 3E, F), with
lobulated margins. Vagina straight, extending medially in proglottid from ootype region to
posterior margin of cirrus sac, entering genital atrium posterior to cirrus sac, expanded
posteriorly to form seminal receptical. Genital pores lateral (Figs. 1B, 3C), irregularly
alternating, 33–45% (38 ± 4; 9) from anterior margin of proglottid. Vitellarium follicular;
vitelline follicles 26–53 (33 ± 7; 9, 27) long by 26–56 (41 ± 8; 9, 27) wide, lateral, arranged in
multiple columns (Figs. 3B, D), extending from near anterior margin of proglottid to anterior
margin of ovary. Uterus tubular, extending from posterior ovarian margin to anterior margin of
proglottid, positioned medially in proglottid; uterine duct entering uterus at level posterior to
cirrus sac. Eggs not observed. Excretory vessels in 2 pairs, interspersed among ovarian lobules at
level of ovary (Fig. 3F).
Taxonomic Summary
Type host: Aetobatus sp., spotted eagle ray (Myliobatiformes: Myliobatididae).
Type locality: Dutch Bay, Ceylon (Sri Lanka).
Neotype host: Aetobatus ocellatus (Kuhl), whitespotted eagle ray (Myliobatiformes:
Myliobatididae).
Neotype locality: Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Timor Sea, Indian Ocean,
Northern Territory, Australia.
Type specimens: Neotype (QM 0000).
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Voucher specimens: 11 vouchers consisting of 8 whole worms and 1 serial cross-section series of
mature proglottids and its scolex and strobilar voucher (QM 0000–0000) and 2 scoleces prepared
for SEM and their strobilae vouchers retained at the University of Kansas.
Site of infection: Spiral intestine.
Unverified hosts: Anoxypristis cuspidatus (Latham) (as Pristis cuspidatus) and Aetobatis [sic]
narinari (Euphrasen) from Sri Lanka (in Southwell 1912); Gymnura micrura (Bloch &
Schneider) (as Pteroplatea micrura) from Sri Lanka and Neotrygon kuhlii (as Trygon kuhlii)
(Müller & Henle) from West Cheval, Pearl Banks, Sri Lanka (in Southwell 1927); Aetobatis [sic]
narinari from Hawaii (in Yamaguti 1968).
Other material examined: 15 specimens of “Cephalobothrium aetobatidis” from Southwell’s
collection including: 1 whole worm from Gymnura micrura (NHM 0000); 1 incomplete worm of
from Neotrygon kuhlii (NHM 0000); and 2 whole worms and 11 histological sections of
“Cephalobothrium aetobatidis” from Anoxypristis cuspidata (NHM 0000–0000).
Etymology: Aetobatidis, referring to the type host of the species, Aetobatis (sic) narinari.

Remarks
The original description of C. aetobatidis included few measurements and was
confounded by the fact that the description was based on a single tapeworm. The total length of
this single specimen was 10 mm and the scolex width and mature proglottid width was 0.5 mm
(Shipley & Hornell 1906). This specimen was collected from a spotted eagle ray caught off Sri
Lanka identified as A. narinari (Euphrasen). In the search for C. aetobatidis specimens of
Cephalobothrium collected from a whitespotted eagleray, A. ocellatus, caught near Darwin,
Northern Territory, Australia seemed most consistent with characters presented in the original
description of the species. The total length of these newly collected specimens ranged from 8–18
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mm, compared to a length of 10 mm reported for the single specimen in the original description,
and the scolex width ranged from 509–650 µm compared to 500 µm in the original description
(Shipley & Hornell 1906). Mature proglottid width differed slightly, ranging from 225–311 µm
compared to the 500 µm in the original description (Shipley & Hornell 1906). Mature proglottid
width of the newly collected specimens is slightly less than that given in the original description.
This could possibly be due to the fact that Shipley & Hornell (1906) measured a live worm or
that they only had available a single specimen. Overall, the appearance of the worms in this lot is
consistent with the illustrations presented in the original description. The most prominent feature
in the original description is that of the scolex having four suckers on the edge of a “great median
terminal sucker” (pg. 45 and plate 1, fig. 2 in Shipley & Hornell 1906). The scoleces of the
newly collected worms bear four suckers located at the anterior-most part of the scolex (near the
boundary between the scolex proper and the apical modification of scolex proper) and have a
large, internal apical organ in the form of pad-like sucker (see Fig. 3A), clearly consistent with
the original description and illustrations. The neotype was chosen from among several other
candidate specimens of C. aetobatidis because of its overall morphological consistency with the
illustrations and description of the type specimen. Although several specimens of Aetobatus were
examined for C. aetobatidis in the course of this study, the neotype parasitized a specimen of A.
ocellatus (host ID no. AU-41) collected from northern Australia. Because our understanding of
this species was previously limited by a sparse description of a single specimen which was not
available for study, it was necessary to stabilize C. aetobatidis by designating a neotype. The
designation of a neotype for C. aetobatidis serves as an anchor for the genus allowing for further
taxonomic revision to begin for other species in Cephalobothrium.
Cephalobothrium Shipley & Hornell, 1906
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Revised diagnosis: Order Lecanicephalidea. Worms euapolytic. Scolex consisting of
scolex proper with 4 acetabula, apical modification of scolex proper, and apical organ; cephalic
peduncle absent. Acetabula in form of suckers. Apical modification of scolex proper housing
apical organ, with large terminal aperture. Apical organ in form of internal glandular pad.
Longitudinal muscle bundles distinct, encircling reproductive organs. Proglottids craspedote.
Testes numerous, medial in proglottid, in multiple layers anterior to ovary. Vas deferens
expanded to form external seminal vesicle. Internal seminal vesicle absent. Cirrus-sac ellipsoid.
Cirrus spinitriches absent. Ovary H-shaped in dorso-ventral view, bilobed in cross-section,
margins lobulated. Vagina medial, opening posterior to cirrus sac into genital atrium. Genital
pores lateral, irregularly alternating. Vitellarium follicular; vitelline follicles in multiple columns
anterior to ovary, interrupted medially by uterus and testes. Uterus medial, tubular. Eggs not
observed. Excretory vessels in two lateral pairs. Parasites of eagle rays in the genus Aetobatus
(Myliobatiformes: Myliobatidae).
Taxonomic Summary
Type and only species: Cephalobothrium aetobatidis Shipley & Hornell, 1906.
Etymology: Cephalo (Gr.), head; bothros (Gr.), trench, pit, trough.
Remarks
The taxonomic stability of Cephalobothrium has suffered largely due to the lack of
important morphological detail in the original description of the type species and the lack of type
material of that species, ultimately leading to its status as a genus inquirendum (Euzet 1994;
Jensen 2005). Since its inception, Cephalobothrium has become one of the most speciose
lecanicephalidean genera consisting of 17 nominal species. As part of this study, some of these
species have been found not to belong to the genus Cephalobothrium (see Chaps. 2.3, 2.5). With
a revised diagnosis for the genus, many of the remaining taxa are now inconsistent with our
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current understanding of Cephalobothrium. Furthermore most of these remaining taxa also suffer
from poor original descriptions and lack of type material. A summary of the nominal species of
Cephalobothrium, their current taxonomic status, and generic affiliation is presented in Table I.
Based on evaluation of the original descriptions of all species placed in Cephalobothrium and
specimens available during this study the following determinations were made. (1) Currently,
only the type species, C. aetobatidis should be considered valid. (2) Ten species remain as
species inquirendae as proposed by Jensen (2005). However, they should also be considered
incertae sedis. These species are inconsistent with the new generic diagnosis of
Cephalobothrium and unfortunately, their species descriptions do not allow them to be
unambiguously placed in any other lecanicephalidean genus. In agreement with Jensen (2005),
two species are considered non-lecanicephalidean species inquirendae due to the fact that they
were originally reported from teleost hosts and are likely members of the order Proteocephalidea.
(3) Cephalobothrium gogadevensis Pramanik & Manna, 2005 should also be included as a
species inquirendae and incertae sedis. Due to the nature of its description (Pramanik & Manna
2005), the affiliation with Cephalobothrium is highly doubtful. Superficially, it appears similar
to members of the new genus (Floriparicapitus n. gen.) proposed in this dissertation. A more
detailed discussion of its status can be found in the chapter creating this new genus (see Chap.
2.5). However, to be conservative C. gogadevensis is not formally transferred to the new genus.
Although several measurements are reported in the original description of C. gogadevensis, the
images accompanying the description do not allow for an accurate interpretation of diagnositic
features, such as the boundary between the scolex and apical organ or shape, orientation, or
position of organs in proglottids. (4) The combination Cephalobothrium dierama (Shipley &
Hornell, 1906) Zaidi & Khan, 1976 appears to have been made in error by Zaidi & Khan (1976).
They assumed that Pintner (1928) had synonymized part of Tylocephalum with
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Cephalobothrium. This species seems to be a valid member of Tylocephalum thus, the
combination Cephalobothirum dierama is a junior synonym of Tylocephalum dierama Shipley &
Hornell, 1906. (5) The placement of the remaining four nominal species of Cephalobothrium
will be addressed in the subsequent chapters of this dissertation. Briefly, Cephalobothrium
abruptum Shipley & Hornell, 1906 is transfered to the genus Hexacanalis Perrenoud, 1931 (see
Chap. 2.3) as the type species of this genus as originally designated by Perrenoud (1931).
Cephalobothrium pteroplateai Zaidi & Khan, 1976 is also transferred to this genus (see Chap.
2.3). Cephalobothrium variabile Southwell, 1911 and C. rhinobatidis Subhapradha, 1955 are
transferred to the new genus created in this dissertation (Floriparicapitus n. gen., see Chap. 2.5).
Cephalobothrium has had a colorful taxonomic history. Various authors have repeatedly
questioned the validity because of the lack of morphological detail available. Furthermore, the
controversy over its validity also stems from the recognition of some members of the genus
Cephalobothrium in the Lecanicephalidae and others in the Cephalobothriidae based on scolex
and strobilar differences (Fuhrmann 1931). Perrenoud (1931) created the genus Hexacanalis and
designated Cephalobothrium abruptum as the type species. He also questioned the placement of
Cephalobothrium variabile, postulating that it too may be a member of Hexacanalis or even a
synonym of Hexacanalis abruptus (see Perrenoud 1931). Since that time and until the 1980’s,
Cephalobothrium was considered a valid genus (Hyman 1951; Wardle & McLeod 1952;
Yamaguti 1959; Euzet 1959; Joyeux & Baer 1961; Yamaguti 1968; Zaidi & Khan 1976), and a
number of new species were attributed to the genus (see Subhapradha 1955; Zaidi & Khan 1976;
Chincholikar & Shinde 1977). Campbell & Williams (1984) reiterated the lack of information
regarding the internal anatomy of the type species of Cephalobothrium and in fact suggested
there was no justified reason for retaining the genus other than for practical purposes when
comparing species that are similar to Tylocephalum but have lateral vitellaria rather than
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circumcortical. Soon thereafter, Butler (1987) considered Cephalobothrium valid with
Hexacanalis as a synonym. Euzet (1994) considered Cephalobothrium to be a genus
inquirendum in the Lecanicephalidae (Euzet 1994) as did Jensen (2005) and it has remained as a
genus inquirendum with unknown familial affiliation until this study (see Chap. 3).
New collections of the type species of Cephalobothrium have allowed for the diagnosis
of Cephalobothrium to be revised and to include comprehensive data on the internal anatomy
and, for the first time, the microthrix pattern of the type species. These data show that
Cephalobothrium can be distinguished from all other lecanicephalidean genera as follows. By
possessing an apical organ in the form of a large, muscular retracted pad, Cephalobothrium is
distinghished from Paraberrapex Jensen, 2001 and Aberrapex Jensen, 2001 which lack an apical
organ; from Anteropora Subhapradha, 1955, Eniochobothrium Shipley & Hornell, 1906, Healyum
Jensen, 2001, Hornellobothrium Shipley & Hornell, 1906, and Quadcuspibothrium Jensen, 2001
which have small internal apical organs; and from Polypocephalus Braun, 1878 and Rexapex
Koch, Jensen, & Caira, 2012 which have an apical organ that is either divided into tentacles or
has papilliform projections, respectively. The presence of numerous testes arranged in multiple
layers in the proglottid of Cephalobothrium distinguishes it from Sesquipedalapex Jensen,
Nikolov, & Caira, 2011 which has testes in a single column and Corrugatocephalum Caira,
Jensen, & Yamane, 1997 which has only three testes. The strobilar surface of Cephalobothrium is
uniform which differs from the strobila of Elicilacunosus Koch, Jensen, & Caira, 2012 which
possesses a region of musculo-glandular depressions along the midline of the dorsal and ventral
surfaces of the strobila. The presence of craspedote proglottids, a long tubular uterus, and a
lobulated, H-shaped ovary in frontal view distinguishes Cephalobothrium from
Tetragonocephalum Shipley & Hornell, 1905 which possesses acraspedote proglottids, a uterus
that is constricted at its center, and an ovary that is oval in frontal view. Cephalobothrium lacks
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cirrus spinitriches and post-ovarian vitellaria while Lecanicephalum has conspicuous cirrus
spinitriches and post-ovarian vitellaria. Cephalobothrium differs from Collicocephalus Koch,
Jensen, & Caira, 2012 which has laciniate proglottids, testes in two columns, and four total
columns of vitellaria, in that it has non-laciniate proglottids, testes in multiple layers, and
numerous columns of vitellaria. Cephalobothrium appears superficially most similar to
Tylocephalum as both genera have multiple columns of vitellaria and craspedote proglottids.
However, Cephalobothrium is distinguished from Tylocephalum by having a internal glandular
apical organ rather than an external muscular apical organ. In addition, most species of
Tylocephalum have circumcortical vitellaria or post-ovarian vitellaria, whereas Cephalobothrium
has vitellaria arranged in lateral columns but not circumcortical and the vitellaria extend to the
level of the ovary but are not found posterior to the ovary.
For completeness, Cephalobothrium is also distinguished from all other genera treated in
this dissertation. All five genera included in this dissertation have conspicuous longitudinal
muscle bundles in the strobila. Most notably, Cephalobothrium is distinguished from
Hexacanalis, Stoibocephalum, and Floriparicapitus by possessing only two pairs (four total) of
excretory vessels rather than three pairs (six total) as in the later three genera. Cephalobothrium
also lacks post-ovarian vitellaria which is observed in the Hexacanalis, Stoibocephalum, and
Floriparicapitus. Cephalobothrium, in possessing an H-shaped ovary in dorso-ventral view,
differs from Hexacanalis which has a sheet-like ovary in dorso-ventral view. Cephalobothrium
differs further from Stoibocephalum and Floriparicapitus in that the apical organ is internal and
glandular, while the apical organ of Stoibocephalum can be fully retracted and is highly muscular
and that of Floriparicapitus can be fully retracted or expanded and is in the form of a muscular
and glandular rugose sheet. Cephalobothrium is similar to Adelobothrium Shipley, 1900 in that
both genera have craspedote proglottids, vitellaria in multiple columns that are interrupted
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medially by the uterus and testes and stop at the level of the ovary, and possess only two pairs of
excretory vessels. Cephalobothrium can be distinguished from Adelobothrium by the shape and
form of the apical organ. Whereas the apical organ of Cephalobothrium is in the form of a large,
retracted, muscular pad, that of Adelobothrium is in the form of a small (relative to scolex size),
external, glandular and muscular protuberance.

DISCUSSION
Cephalobothrium represents one of the most enigmatic lecanicephalidean genera. The
original description of its type species, C. aetobatidis, came on the heels of descriptions of tens
of other elasmobranch cestodes from elasmobranchs of Sri Lanka (Ceylon) at the turn of the 20th
century (Shipley & Hornell 1904; 1905; 1906). While the type series of other lecanicephalidean
species described during this time have been found deposited in museum collections (see Chaps.
2.3, 2.5), the single specimen from which C. aetobatidis was described from could not be
located. Complicating matters was the fact that C. aetobatidis was described from “Aetobatus
narinari” which has recently been shown to be a species complex globally (Richards et al. 2009;
White et al. 2010). The distribution of A. narinari appears to be limited to the western Atlantic
Ocean, including the Caribbean Sea and Gulf of Mexico (White et al. 2010; Naylor et al. 2012).
Currently the species of Aetobatus that occurs off the coast of Sri Lanka, the type locality of C.
aetobatidids, is unknown. Much collecting efforts throughout the Indo-Pacific region have
attempted to collect specimens of this highly charasimatic taxon. Twenty-four individuals of
several species of Aetobatus (A. ocellatus, A. cf. ocellatus, and Aetobatus sp. 1.; sensu Naylor et
al. 2012, see Table II) from seven countries in the eastern Indian and western Pacific Oceans
were collected and examined in search of C. aetobatidis. While many of these hosts were
parasitized by cestodes that appeared superficially similar to Cephalobothrium, cestodes of one
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host individual (host ID no. AU-41) collected off Australia’s Northern Territory proved most
consistent with the original description and illustrations of C. aetobatidis given by Shipley &
Hornell (1906).
One of the most characteristic features for Cephalobothrium is its internal apical organ.
The original illustrations of C. aetobatidis clearly show a darkly staining internal structure in the
scolex (see plate I, figs. 1–3 in Shipley & Hornell 1906). Upon observations of several putative
specimens of C. aetobatidis from the A. ocellatus, those chosen to represent the updated species
description are undeniably most consistent with the original illustrations (see Figs. 1A, 2A, 3A).
In these specimens, the apical organ has only been observed as an internal pad and it is unlikely
that it can be everted. The only variation that has been observed in these specimens is that of the
apical modification of the scolex proper being closed over the apical organ causing the diameter
of the aperture to become smaller. When the apical modification of scolex proper is observed in
this state, the four smaller suckers may actually become everted (Fig. 2C). This allows for the
unique opportunity to better visualize the microthrix pattern on the sucker surface.
It should be noted that specimens identified as “C. aetobatidis” in previous phylogenetic
studies are not conspecific with C. aetobatidis described here. Specimens included in the Olson
& Caira (1999; [Genbank no. for 18S: AF124466; Ef-1α: AF124808]), Caira et al. (2001), Healy
et al. (2009; [Genbank no. for 18S: AF124466; 28S: AF296927]), and Jensen & Bullard (2010;
[Genbank no. for 28S(D1-D3): AF286927]) studies should be recognized as Cephalobothrium
sp. Observations of the voucher specimens from these studies show affinities with the genus, but
are not consistent with the redescription of C. aetobatidis. It is likely that these specimens
represent a distinct species in the genus, which remains undescribed.
Cephalobothrium aetobatidis has been reported from other batoid hosts that are only
distantly related to the eagle ray genus Aetobatus, including the smooth butterfly ray Gymnura
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micrura (Bloch & Schneider) (Myliobatiformes: Gymnuridae) (as Pteroplatea micrura in
Southwell 1927), the blue-spotted stingray Neotrygon kuhlii Müller & Henle (Myliobatiformes:
Dasyatidae) (as Trygon kuhlii in Southwell 1927), and the knifetooth sawfish, Anoxypristis
cuspidata (Latham) (Rhinopristiformes: Pristidae) (as Pristis cuspidatus [sic] in Southwell
1912). All of these records come from the waters surrounding Sri Lanka, the type locality of C.
aetobatidis (Shipley & Hornell 1906). In addition, Yamaguti (1968) reported C. aetobatidis from
Aetobatis [sic] narinari from Hawaii. Given the unverified identification of the species of
Aetobatus inhabiting waters off Hawaii (Naylor et al., 2012), it is uncertain which species of
Aetobatus occurs in Hawaii. It could be either Aetobatus sp. (the type host), A. ocellatus (the
neotype host), or some other member of the genus. The report of C. aetobatidis from Hawaii
remains questionable and should be verified. Fortunately, specimens from the other reported
hosts were available for study. These specimens appear to be from Southwell’s original
collection and consisted of four slides with partial or whole worms and 11 slides of histological
sections. The single whole worm from Gymnura micrura labeled “Cephalobothrium
Aetobatidis” and dated “6.XI.08” has lateral fields of vitellaria and a large invaginated apical
organ. These features suggest that this specimen is consistent with Hexacanalis rather than
Cephalobothrium. Interestingly, the three valid members of Hexacanalis all parasitize butterfly
rays in the genus Gymnura (see Chap. 2.3) lending support for this identification. A single,
incomplete worm from Neotrygon kuhlii was labeled “Cephalobothrium aetobatidis” and dated
“24/XI/24” and “T.S. 24/4/27”. It lacks post-ovarian vitellaria which is consistent with the
diagnosis of Cephalobothrium, but possesses six testes and a non-muscular apical organ. This
specimen is inconsistent with our concept of Cephalobothrium but at this point cannot be
ambiguously assigned to any other known lecanicephalidean genus. Based on these observations
N. kuhlii should not be considered a host of C. aetobatidis. The remaining specimens (2 whole
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worms, 9 longitudinal sections, and 2 cross-sections) are from the sawfish Anoxypristis
cuspidata. The two whole worms labeled “Cephalobothrium aetobatidis” have minute suckers,
nearly 1/6 the size of C. aetobatidis. Most significantly, the histological sections show a very
large saccate uterus and six excretory vessels. All of these characters are consistent of C.
variabile, a species that is being transferred to a new genus and that parasitizes A. cuspidata in
Sri Lanka (Southwell 1911) and elsewhere (see Chap. 2.5). Reports of C. aetobatidis from hosts
other than Aetobatus should be considered with great caution given that the data presented here
suggest that Cephalobothrium is restricted to Aetobatus.
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Figure 1. Line drawings of Cephalobothrium aetobatidis. (A) Scolex. (B) Mature proglottid. Arrowheads indicate
approximate location of sections in Figure 3. (C) Whole worm.
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Figure 2. Scanning electron micrographs of Cephalobothrium aetobatidis. (A) Scolex; small letters indicate
location of detail in Figs. 2B, D–G. (B) Surface of apical organ covered with papilliform filitriches. (C) Everted
sucker. (D) Surface of scolex proper covered with capilliform filitriches and hastate spinitriches. (E) Surface of
apical modification of scolex proper with capilliform filitriches and hastate spinitriches; directed anteriorly on
apical modification of scolex proper when visualized inside aperture. (F) Strobilar surface covered with acicular
filitriches. (G) Sucker surface with capilliform filitriches and scolopate spinitriches.
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Figure 3. Light micrograph and histological sections of Cephalobothrium aetobatidis. (A) Light micrograph of
scolex showing large internal apical organ. (B) Cross-section through mature proglottid anterior to genital pore
showing testes in multiple layers and prominent longitudinal muscle bundles. (C) Cross-section through mature
proglottid at level of genital pore. (D) Cross-section through mature proglottid posterior to cirrus sac showing
vagina and vas deferens. (E) Cross-section of mature proglottid at level of ovary. Note expanded external seminal
vesicle. (F) Cross-section of mature proglottid near posterior margin of ovary. Note excretory vessels traversing
through ovarian lobes. Abbreviations: AO, apical organ; C, cirrus; CS, cirrus sac; ESV, external seminal vesicle;
LM, longitudinal muscle bundle; OC, ovicapt; OD, oviduct; O, ovary; SR, seminal receptical; T, testis; U, uterus;
VD, vas deferens; VF, vitelline follicle; VA, vagina. Asterisks (*) indicate excretory vessels.
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Table I. Current taxonomic status and affiliation of nominal Cephalobothrium species.
Nominal Cephalobothrium species and host
Current taxonomic status
Cephalobothrium aetobatidis Shipley & Hornell, 1906;
valid as Cephalobothrium aetobatidis
ex. Aetobatus ocellatus (as Aetobatus narinari ); Sri Lanka, Indian Ocean
Shipley & Hornell, 1906; type species
(original type locality); Australia, Indian Ocean (locality of neotype)
valid as Floriparicapitus variabile Cielocha,
Cephalobothrium variabile Southwell, 1911
this study
ex. Anoxypristis cuspidata (as Prisits cuspidata ); Sri Lanka, Indian Ocean
Cephalobothrium rhinobatidis Subhapradha, 1955
valid as Floriparicapitus rhinobatidids Cielocha, this
ex. Rhinobatus granulatus ; India, Indian Ocean
study
valid as Hexacanalis pteroplataea
Cephalobothrium pteroplatea Zaidi & Khan, 1976
(Zaidi & Khan, 1976) Cielocha & Jensen, 2011
ex. Gymnura micrura (as Pteroplatea micrura ); Pakistan; Indian Ocean
jr. synonym of Tylocephalum dierama
Cephalobothrium dierama Zaidi & Khan, 1976
Shipley & Hornell, 1906
ex. Mustelus manazo ; Pakistan; Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium gymnurai Zaidi & Khan, 1976
ex. Gymnura sp.; Pakistan; Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium subhapradhi Chincholikar & Shinde, 1977
ex. a marine fish; India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium longisegmentum Wang, 1984
ex. Neotrygon kuhlii (as Dasyatis kuhlii ); China, Pacific Ocean
species inquirenda, incertae sedis
Cephalobothrium taeniurai Ramadan, 1986
ex. Taeniura lymma ; Egypt, Red Sea
species inquirenda, incertae sedis
Cephalobothrium trygoni Shinde & Solunke, 1986
ex. Pastinachus sephen ; India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium alii Jadhav & Jadhav, 1993
ex. Pastinachus sephen (as Trygon sephen ); India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium singhi Jadhav & Jadhav, 1993
ex. Pastinachus sephen ; India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium neoaetobatidis Sarada, Lakshmi, & Hanumantha Rao, 1992
ex. Rhina ancylostoma (as Rhina ancylostomus ); India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium stegostomi Sarada, Lakshmi, & Hanumantha Rao, 1993
ex. Stegostoma fasciatum ; India, Indian Ocean
species inquirenda, incertae sedis
Cephalobothrium gogadevensis Pramanik & Manna, 2005
ex. Rhinobatus granulatus ; India, Indian Ocean
non-lecanicephalidean species inquirenda
Cephalobothrium ghardagense Ramadan, 1986
(putative member of order Proteocephalidea)
ex. Scarus bicolar ; Egypt, Red Sea
non-lecanicephalidean species inquirenda
Cephalobothrium gangenticus Gairola, Halhotra & Sukul, 1987
(putative member of order Proteocephalidea)
ex. Mystus vittatus ; India, Indian Ocean
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Table II. List of specimens of Aetobatus examined for Cephalobothrium.
Host species* (Host ID no.)
Collecting locality
Aetobatus ocellatus (AU-41)†
Darwin (12°20'11"S, 130°54'39"E ), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Aetobatus ocellatus (AU-57)
Darwin (12°20'11"S, 130°54'39"E ), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Aetobatus ocellatus (CM03-20)
Weipa, Queensland (12°35'11"S, 141°42'34"E), Australia, Pacific Ocean
Aetobatus ocellatus (NT-76)
Wessel Island (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
Aetobatus ocellatus (NT-95)
Wessel Island (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
Aetobatus ocellatus (KA-64)
Kota Baru (03°14'44.80"S, 116°13'23.80"E), South Kalimantan, Indonesia (Borneo), Pacific Ocean
Aetobatus ocellatus (KA-83)
Pagatan (03°36'46.10"S, 115°55'05.10"E), South Kalimantan, Indonesia (Borneo), Pacific Ocean
Aetobatus ocellatus (KA-84)
Pagatan (03°36'46.10"S, 115°55'05.10"E), South Kalimantan, Indonesia (Borneo), Pacific Ocean
Aetobatus ocellatus (KA-431)
Manggar (01°12'55.20"S, 116°58'27.50"E), East Kalimantan, Indonesia (Borneo), Pacific Ocean
Aetobatus ocellatus (BO-13)
Semantan (01°48'15.45"N, 109°46'47.17"E), Sarawak, Malaysia (Borneo), Pacific Ocean
Aetobatus ocellatus (TW-13)
Saio Men (23°39'2N, 119°30'59E), Penghu, Taiwan, Pacific Ocean
Aetobatus ocellatus (TH-19)
Bangsaray (12°38'N, 100°51'E), Thailand, Pacific Ocean
Aetobatus ocellatus (VN-38)
Bach Long Vi Island (20°07'60.00"N, 107°43'60.00"E), Vietnam, Pacific Ocean
Aetobatus cf. ocellatus (SO-34)
Sagheraghi (8°2'15.1"S, 156°45'57.1"E), Western Province, Ghizo, Solomon Islands, Pacific Ocean
Aetobatus cf. ocellatus (SO-42)
Rarumana (8°14'13.4"S, 157°1'53.7"E), Western Province, Vonavona, Solomon Islands, Pacific Ocean
Aetobatus sp. 1 (VN-2)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-5)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-6)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-9)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-16)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-39)
Bach Long Vi Island (20°07'60.00"N, 107°43'60.00"E), Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-40)
Bach Long Vi Island (20°07'60.00"N, 107°43'60.00"E), Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-51)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. 1 (VN-52)
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
* Host identification follows Naylor et al. (2012).
† Indicates host individual from which the Neotype was collected.
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CHAPTER 2.2
VALIDITY OF ADELOBOTHRIUM SHIPLEY, 1900
AND RECOGNITION OF POTENTIAL SPECIES DIVERSITY
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ABSTRACT
Adelobothrium Shipley, 1900 has remained a monotypic lecanicephalidean genus for over
100 years. The type species, Adelobothrium aetiobatidis Shipley, 1900, was originally described
from an eagle ray in the genus Aetobatus, from New Caledonia. Fourteen specimens of three
species of Aetobatus were examined for this study in an attempt to obtain new specimens for a
redescription of the type species. Specimens consistent with the original description of the type
species were found parasitizing two specimens of the whitespotted eagle ray, Aetobatus ocellatus
(Kuhl), collected from waters off Australia’s Northern Territory. These specimens allowed for a
redescription of Ad. aetiobatidis and an updated generic diagnosis of Adelobothrium. A new species
of Adelobothrium, though not formally described, is reported from an undescribed species of
Aetobatus collected from waters off Vietnam. Tylocephalum marsupium Linton, 1916 was found to
be consistent with the updated diagnosis of Adelobothrium and distinct from Tylocephalum Linton,
1890, and is transferred to Adelobothrium. In addition, the affinity of Adelobothrium to parasitize
members of the eagle ray genus Aetobatus is discussed.

INTRODUCTION
The genus Adelobothrium Shipley, 1900 represents one of the most under-studied
lecanicephalidean genera. This genus was created for cestodes collected from the spiral intestine of
a spotted eagle ray in the genus Aetobatus Blainville (as Aetiobatis [sic] narinari)
(Myliobatiformes: Myliobatidae), caught off the Loyalty Islands, New Caledonia (Shipley 1900).
The original description of the type species, Adelobothrium aetiobatidis Shipley, 1900, includes
some details on the overall size, and the scolex and proglottid anatomy of the species (Shipley
1900). The description also included information on the nature of attachment to the host’s intestinal
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mucosa, including an image of a scolex in longitudinal section embedded in host tissue (see fig. 15
in Shipley 1900). These illustrations depicted A. aetobatidis as a potentially very recognizable
species because of its distinct scolex morphology with a very narrow apical organ (i.e. rostellum
sensu Shipley 1900), and anteriorly directed suckers embedded in the scolex proper. Unfortunately,
other details regarding the internal anatomy were lacking (e.g., number of testes, size of ovary, etc.)
and while some of these features were illustrated diagrammatically (see fig. C in Shipley 1900) they
do not accurately illustrate the complexities of the internal anatomy.
Despite its rather characteristic scolex, few additional reports of A. aetiobatidis have been
published in the past century (Southwell 1912, 1925). Even though various authors have recognized
Adelobothrium within the Lecanicephalidea (for example Poche 1926; Pintner 1928; Fuhrmann
1931; Hyman 1951), the rather limited knowledge of this genus has led to its more recent
designation as a synonym of Tylocephalum Linton, 1890 (see Euzet 1994) or as a genus
inquirendum in the order (Jensen 2005). New collections of Adelobothrium from Australia have
allowed for a revised generic diagnosis and redescription of the type species. Since type material of
A. aetiobatidis appears to have never been deposited and the genus has been postulated to be
synonymous with other better recognized genera, a neotype was designated for A. aetiobatidis.

MATERIALS AND METHODS
Specimens of Aetobatus were captured and necropsied. Details regarding the host
individuals including host identification, collecting locality, and unique identification number can
be found in Table I. Images and additional information regarding host specimens (e.g., sex, size)
may be found using the identification number (i.e., AU-57) in the host database associated with the
Global Cestode Database at http://elasmobranchs.tapewormdb.uconn.edu. The spiral intestine of
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each host was removed and opened along its longitudinal axis. The spiral intestine was fixed in
10% formalin buffered with seawater and subsequently transferred to 70% ethanol for storage. In
the lab, each spiral intestine was examined for tapeworms using a dissecting microscope.
Tapeworms were removed from the spiral intestine and prepared for examination with light
microscopy as follows. Worms were hydrated in a graded ethanol series, stained with Delafield’s
haematoxylin, dehydrated in a graded ethanol series, cleared in methyl salicylate, and mounted in
Canada balsam on glass-slides under cover-slips. Two specimens were processed for histology. The
scolex of one specimen was prepared for longitudinal sectioning. From a second specimen,
immature and mature proglottids were prepared for cross-sectioning and mature proglottids were
prepared for longitudinal sectioning. Sections from these specimens were prepared as follows:
specimens were dehydrated in a graded ethanol series, cleared with xylene, and embedded in
paraffin according to standard techniques. Sections were cut at a thickness of 7 m using a TBS
CUT 4060 Microtome and subsequently floated in 3% sodium silicate on glass slides. Slides were
allowed to air-dry, then were de-paraffinized in xylene, hydrated in a graded ethanol series, stained
with Delafield’s haematoxylin, counterstained with eosin, dehydrated in a graded ethanol series,
cleared in xylene, and mounted in Canada balsam under cover-slips. Specimens prepared as whole
worms and histological sections were examined with a Zeiss Axioskop 2 Plus compound
microscope. The scolex of one specimen was prepared for scanning electron microscopy (SEM) by
the following protocol. Scoleces were hydrated, fixed in 1% osmium tetroxide overnight,
dehydrated in a graded ethanol series, transferred to hexamethyldisilizane (HMDS) for 30 minutes,
air-dried, and mounted on aluminum stubs with double-sided adhesive carbon tape. Specimens
were sputter coated with c.35 nm of gold and examined with a Zeiss LEO 1550 field emission
scanning electron microscope. Line drawings were made using a drawing tube attached to the above
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mentioned compound microscope. Measurements of reproductive organs were taken from mature
proglottids. Measurements are reported in micrometers (m), with the exception of total length
which is reported in millimeters (mm), and included in the text as the range followed
parenthetically by the mean, standard deviation, number of worms examined, and total number of
measurements if more than one measurement was taken per worm. Those measurements reported in
the original species description by Shipley (1900) follow newly reported measurements in bold
brackets. Microthrix terminology follows Chervy (2009). The neotype specimen and voucher
specimens will be deposited at the Queensland Museum, Brisbane, Australia (QM). Host specimen
identification follows Naylor et al. (2012).
REDESCRIPTION
Adelobothrium aetiobatidis Shipley, 1900 (Syn: Tetragonocephalum aetiobatidis Shipley &
Hornell, 1905)
(Figures 1–3)
Redescription (Based on 7 whole worms, 1 worm in which serial cross-sections of immature
and mature proglottids and serial longitudinal sections of mature proglottids were taken with their
scolex and strobila voucher, 1 worm for which serial longitudinal sections of the scolex were taken
[no voucher], and 1 scolex prepared for SEM and its strobila voucher): Worms 21–34 (26 ± 5; 7)
[40-50] mm long, euapolytic with maximum strobilar width 323–566 (445 ± 82; 7) [1,500] usually
near level of most-developed immature proglottids; proglottids 204–316 (272 ± 39; 7) in number,
craspedote. Longitudinal muscle bundles distinct, extending entire length of strobila, encircling
reproductive organs. Scolex consisting of scolex proper with 4 acetabula, apical modification of
scolex proper, and apical organ (Figs. 1A, 2A). Scolex 334–418 (377 ± 31; 7) long by 377–573
(450 ± 68; 7) wide. Acetabula in form of suckers, 92–113 (101 ± 6; 7, 14) in diameter at widest
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point (Fig. 1A), not observed externally (Fig. 2A), at anterior margin of scolex proper, directed
anteriorly. Apical modification of scolex proper bearing apical organ (Fig. 3F). Apical organ
elongate, much narrower than scolex proper, non-invaginable, with conspicuous gland cells (Figs.
3E, F) and longitudinal muscles, 196–264 (234 ± 26; 7) long by 152–204 (179 ± 19; 7) wide.
Surface of scolex proper covered with scolopate spinitriches (Fig. 2C). Surface of apical
organ with spongy appearance (Fig. 2B). Strobilar surface covered with capilliform filitriches
throughout (Fig. 2D).
Cephalic peduncle absent. Immature proglottids 185–295 (250 ± 36; 7) in number, wider
than long, becoming square to slightly longer than wide with maturity; posterior-most immature
proglottid 262–583 (401 ± 116; 7) long by 307–488 (394 ± 68; 7) wide. Mature proglottids 15–34
(22 ± 7; 7) in number, longer than wide; posterior-most proglottid 912–1,436 (1,104 ± 171; 7) long
by 281–352 (325 ± 28; 7) wide. Testes 37–40 (39 ± 1; 7, 21) in number, 23–46 (35 ± 7; 7, 21) long
by 33–66 (48 ± 9; 7, 21) wide; in two lateral fields, extending from anterior margin of proglottid to
anterior margin of ovary, in multiple layers in cross-section (Figs. 3A, C). Vas deferens expanded to
form sinuous external seminal vesicle (Fig. 3C). External seminal vesicle greatly expanded, sinuous
distally, medial in proglottid, extending from ootype region anteriorly to enter cirrus sac at anterior
margin. Internal seminal vesicle absent. Cirrus sac ellipsoid, 77–113 (93 ± 13; 6) long by 49–76 (61
± 8; 6) wide, positioned horizontally in proglottid, containing coiled cirrus. Cirrus spinitriches
absent. Ovary 182–225 (198 ± 17; 6) long by 153–247 (222 ± 35; 6) wide, ovary essentially Hshaped in dorso-ventral view, bilobed in cross-section, consisting of radiating lobes (Fig. 3D).
Vagina straight, extending medially in proglottid from ootype region to posterior margin of cirrus
sac, entering genital atrium at or just posterior to cirrus sac (Fig. 3B). Genital pores lateral (Figs.
1B, 3B), irregularly alternating, 40–51% (46 ± 4; 6) from anterior margin of mature proglottids.
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Vitellarium follicular; vitelline follicles 23–39 (30 ± 4; 7, 21) long by 22–56 (38 ± 9; 7, 21) wide,
lateral, arranged in multiple columns interspersed among longitudinal muscle bundles (Figs. 3A-C),
encroaching on midline of proglottid, extending from near anterior margin of proglottid to overlap
anterior margin of ovary (Figs. 1B, C). Uterus tubular, extending from posterior ovarian margin to
anterior margin of proglottid, positioned medially in proglottid, rarely expanded; uterine duct
entering uterus posteriorly. Eggs not observed. Excretory vessels in 2 pairs (Fig. 3B).
Taxonomic Summary
Type host: Aetobatus ocellatus (Kuhl), whitespotted eagle ray (Myliobatiformes: Myliobatidae),
pending verification; as Aetobatus narinari (Euphrasen) in Shipley (1900).
Type locality: Lifu, Loyalty Islands, New Caledonia.
Neotype host: Aetobatus ocellatus (Kuhl), whitespotted eagle ray (Myliobatiformes: Myliobatidae),
sensu Naylor et al. (2012).
Neotype locality: Lee Point (12°20'11"S, 130°54'39"E), Darwin, Northern Territory, Australia,
Indian Ocean.
Type specimens: Neotype (QM 0000).
Voucher specimens: 9 vouchers consisting of 6 whole worms, serial cross-sections of immature and
mature proglottids and serial longitudinal sections of mature proglottids and the scolex and strobilar
voucher, serial longitudinal sections of scolex (no voucher) (QM 0000–0000), and 1 scolex
prepared for SEM and its strobilar voucher retained at the University of Kansas.
Site of infection: Spiral intestine.
Unverified hosts: Rhynchobatus djeddensis [sic] (Forsskål) from Pearl Banks, Ceylon (in Southwell
1912; 1925)
Etymology: Aetiobatidis, referring to Aetobatus, the genus of the type host of this species.
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Remarks
Although the original species description by Shipley (1900) contained some details
regarding the orientation and position of internal organs, no measurements or counts of
reproductive organs were presented. The only measurements given were of total length (4–5 cm)
and maximum width (1.5 mm) (Shipley 1900). Newly collected specimens were slightly shorter
(21–34 mm) and narrower (323–566 µm) but are overall consistent with the general form presented
in the illustrations and the description of the scolex. The slight inconsistency in the total length and
maximum width can perhaps be accounted for by the fact that even in the original description there
are some conflicting data. The whole worm illustration (fig. 13 in Shipley 1900) measured
approximately 4 cm in length just outside the range reported here for newly collected specimens.
However, the maximum width of the whole worm measured nearly 0.6 mm, less than half the 1.5
mm reported by Shipley (1900) and much more consistent with the new measurements of
maximum width (323–566 µm). The scolex and apical organ (i.e., rostellum in Shipley 1900)
however, were described in great detail allowing this worm to become easily recognizable. The
scolex is described as staining very lightly except for cells lining the scolex and cells in the apical
organ (see pg 546 in Shilpey 1900), consistent with newly collected specimens of A. aetiobatidis
(see inset of Fig. 3E). In addition, the vas deferens was reported as fully-formed and swollen with
mature spermatozoa. This is also a very prominent feature in mature proglottids of the newly
collected specimens, as the external seminal vesicle takes up the majority of the medial region of
mature proglottids; it is vast and sinuous. The original description of A. aetiobatidis was
presumably based on several specimens (Shipley 1900) although a place of deposition for these
specimens was not indicated. However the type material, or parts thereof, could not be located.
Given the lack of original type material, the limited amount of morphological detail available for
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Adelobothrium and A. aetiobatidis, and more importantly the proposed synonymy with
Tylocephalum by Euzet (1994), the designation of a neotype is deemed necessary.
It should be noted that the type host of Ad. aetiobatidis was originally reported as Aetobatis
[sic] narinari (Euphrasen) collected from the Pacific Ocean near New Caledonia (Shipley 1900).
Recent studies have demonstrated that the genus Aetobatus actually represents a species complex
(Richards et al. 2009; White et al. 2010); the distribution of Ae. narinari is limited to the western
Atlantic Ocean, that of Aetobatus laticeps Gill is limited to the eastern Pacific Ocean, and that of
Ae. ocellatus is limited to the western Pacific and eastern Indian Oceans. All specimens of
Aetobatus from the Indian and Pacific Oceans examined for this study, except one from the
Solomon Islands (SO-34), were previously included in a comprehensive investigation of
elasmobranch identities (Naylor et al. 2012). Specimens of Ae. ocellatus included in their (Naylor
et al. 2012) analyses were only from the Indo-West Pacific however, White et al. (2010) and
Richards et al. (2009) suggest that its distribution may extend to the central Pacific. The specimen
from the Solomon Islands is treated here as Aetobatus cf. ocellatus because its identity has not yet
been confirmed using ND2 sequence data. Given that the distribution of Ae. narinari appears to be
limited to the western Atlantic (White et al. 2010; Naylor et al. 2012) this is certainly not the
correct species identity for specimens from New Caledonia. Given the ubiquity of Adelobothrium in
specimens of Ae. ocellatus collected across Southeast Asia and northern Australia it can be
assumed that species of Aetobatus collected from New Caledonia might actually represent Ae.
ocellatus. In fact, for other parasites reported from Aetobatus from New Caledonia (nematodes by
Moravec & Justine 2006 and monogenes by Marie & Justine 2005), White et al. (2010) referred to
these host specimens as Ae. ocellatus
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Specimens identified as A. aetiobatidis have been used in previous phylogenetic studies. It
should be noted that the species identified as “Adelobothrium sp.” included in a study
characterizing the interrelationships of lecanicephalidean and tetraphyllidean tapeworms by Caira et
al. (2001) is conspecific with Adelobothrium aetiobatidis (specimens deposited in the Lawrence R.
Penner Parasitology Collection at the University of Connecticut, Storrs, CT, U.S.A.), as are
specimens identified as “Adelobothrium cf. aetiobatidis” included in two previously published
molecular phylogenies of cestode orders (Waeschenbach et al. 2007, 2012; Genbank nos.
EF095257, EF095249).
Specimens generally consistent with the redescription of Ad. aetiobatidis were found
parasitizing a number of specimens of Ae. ocellatus collected from various localities across
Southeast Asia and northern Australia (Table I); further detailed studies are needed to definitively
confirm the identity of some of these specimens of Adelobothrium. Specimens of Adelobothrium
from Ae. ocellatus from Darwin, Northern Territory, Australia are confirmed as Ad. aetiobatidis,
while specimens of Adelobothrium from other localities in Australia, Borneo, and Vietnam are
referred to as Adelobothrium cf. aetiobatidis. The host identity of Aetobatus from the Solomon
Islands is unconfirmed, thus specimens of Adelobothrium parasitizing this host are referred to as
Adelobothrium sp., pending positive identification. Specimens of a previously undescribed species
of Aetobatus, referred to as Aetobatus sp. by Naylor et al. (2012), were parasitized by a species of
Adelobothrium distinct from Ad. aetiobatidis. This species is referred to herein as Adelobothrium n.
sp. 1. It differs from Ad. aetiobatidis primarily in the structure of the apical organ, among other
more subtle morphological features (e.g., testes number). Whereas the apical organ of Ad.
aetiobatidis is an elongate muscular process that is non-invaginable, the apical organ of
Adelobothrium n. sp. 1 is funnel-shaped with a central knob-like protuberance (Fig 3G). The
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description of this new species was beyond the scope of this study, but it is important to note that
Adelobothrium is more diverse than previously recognized.
Shipley & Hornell (1905) described Tetragonocephalum aetiobatidis Shipley & Hornell,
1905 from a spotted eagle ray, identified as Ae. narinari (presumably Aetobatus sp.), collected off
the coast of Sri Lanka. Details regarding the reproductive organs of the single specimen of this
species were not given, however some measurements were reported including total length of 1.3 cm
and strobilar width of 0.5 mm. The scolex width was given as three times “this breadth,”
presumably referring to the width of the strobila, thus it should be ca. 1.5 mm (pg. 52 in Shipley &
Hornell 1905). However the illustration indicates the scolex to be ca. 0.27 mm wide and 0.96 mm
in total length (combined scolex and apical organ) (see fig. 9 in Shipley & Hornell 1905). The
species is also described as having craspedote proglottids and a scolex with four anteriorly-directed
suckers (Shipley & Hornell 1905). Based on the illustrations alone, it is clear that T. aetiobatidis is
inconsistent with Tetragonocephalum which was erected in the same publication (Shipley &
Hornell 1905). In fact the illustrations are clearly consistent with the diagnosis of Adelobothrium.
This single specimen is slightly shorter than the newly collected specimens of Ad. aetiobatidis (13
mm vs. 21–34 mm) but the strobilar width is consistent with measurements from newly collected
material (0.5 mm vs. 0.323–0.566 mm). The single specimen on which the description was based
was not available for study, and given the limited amount of information for which this specimen
was described it is unlikely that it could be distinguished from Ad. aetiobatidis in the future. Given
that this study examined multiple specimens of Ae. ocellatus collected from the Indo-West Pacific
which were parasitized by specimens consistent with Ad. aetiobatidis, T. aetiobatidis is transferred
here as a synonym of Ad. aetiobatitids.
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The only reports of A. aetiobatidis since its description was published by Southwell (1912)
who reported it from the wedgefish, Rhynchobatus djiddensis (Forsskål), (as Rhynchobatus
djeddensis [sic]) (Rhinopristiformes: Rhynchobatidae) collected from near the Pearl Banks of Sri
Lanka. The identity of these specimens is doubtful. They were used as part of a redescription of A.
aetiobatidis by Southwell (1925), and included the description of egg morphology for the first time.
However, the presence of gravid proglottids was not reported in the original species description of
A. aetiobatidis by Shipley (1900) and were not present in any of the newly collected specimens.
Given the discrepancy in host associations (Myliobatiformes vs. Rhinopristiformes) and the
apparent euapolytic nature of A. aetiobatidis as redescribed herein, Southwell’s (1925) specimens
are not considered for comparison. Specimens collected by Southwell from R. djiddensis need to be
examined (they were unavailable for this study) or newly collected specimens from R. djiddensis
need to be examined to, in fact, confirm their conspecificity with A. aetiobatidis. Until then, this
host report should be considered unconfirmed.

Adelobothrium marsupium (Linton, 1916) Cielocha, 2013 n. comb.
Synonym: Tylocephalum marsupium Linton, 1916
Taxonomic Summary
Type host: Aetobatus narinari (Euphrasen) (as Aetobatis [sic] narinari by Linton [1916]), spotted
eagle ray (Myliobatiformes: Myliobatidae).
Type locality: Dry Tortuga Islands, Florida, U.S.A., Gulf of Mexico.
Type specimens: USNPC 8990 (syntype series consisting of 4 slides: 1 series of scolex longitudinal
sections, 1 series of proglottid cross-sections, and 2 series of proglottid longitudinal sections).
Site of infection: Spiral intestine.

55

Remarks
Tylocephalum marsupium Linton, 1916 was described from two specimens parasitizing the
spotted eagle ray, Aetobatus narinari, collected from the Dry Tortuga Islands, Florida, U.S.A., Gulf
of Mexico (Linton 1916). After examination of histological sections of the syntype series (USNPC
8990) and evaluation of the original species description (Linton 1916), it is evident that this species
is consistent with the generic diagnosis of Adelobothrium as it possesses an ovary that is bilobed
with radiating lobes in dorso-ventral view, an elongate apical organ with distinct gland cells, and
darkly staining cells along the perimeter of the scolex. Tylocephalum marsupium is clearly not a
member of Tylocephalum in that the apical organ is largely vacuous, aside from the glandular cells
and some longitudinal muscles that extend to the scolex proper, as opposed to the large muscular
apical organs observed in species of Tylocephalum (see Butler 1987; Ivanov & Campbell 2000;
Jensen 2005). Here the new combination Adelobothrium marsupium (Linton, 1916) Cielocha, 2013
n. comb. is created to reflect the more appropriate placement of this species in Adelobothrium.
Interestingly enough, this is not the first time that Tylocephalum marsupium has been suggested to
be a member of Adelobothrium. Shipley (1925) and Yamaguti (1959) hypothesized that T.
marsupium was a junior synonym of A. aetiobatidis. However, the combination of comparative
measurements presented below, supports the conclusion that A. marsupium n. comb. is a distinct
species from A. aetiobatidis.
Linton (1916) presents sufficient detail of Ad. marsupium n. comb. to allow it to be
distinguished from Ad. aetiobatidis. The scolex of Ad. marsupium n. comb. was reported as being
ca. 300 µm long by 700 µm wide and the apical organ (i.e., myzorhynchus in Linton 1916) was ca.
210 µm long by 160 µm wide (Linton 1916). Dimensions of a proglottid were presented as follows:
840 µm long by 560 µm wide (maximum width) (Linton 1916). For comparative purposes, sucker
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diameter measured ca. 80 µm on the longitudinal scolex section of a syntype specimen and ovary
dimensions measured ca. 100 µm long by 125 µm wide on the longitudinal proglottid section of a
syntype specimen. Scolex proper and apical organ dimensions for Ad. marsupium n. comb. are very
similar to those reported for Ad. aetiobatidis, though the two species can be distinguished in that
Ad. marsupium n. comb. possesses a smaller sucker size (ca. 80 µm vs. 92–113 µm) and a smaller
ovary (ca. 100 µm x 125 µm vs. 182–225 µm x 153–247 µm). In addition, Williams & Campbell
(1984) report measurements for Ad. marsupium n. comb. from this syntype series (USNPC 8990);
for example the number and size of testes, the size of vitellaria, and size of cirrus sac are reported.
Because the full syntype series was not available for examination in the present study, the
measurements presented by Williams & Campbell (1984) are not confirmed. If the measurements
presented by Williams & Campbell (1984) are in fact accurate, a larger testes number (60–74)
would further differentiate Ad. marsupium n. comb. from Ad. aetiobatidis (37–40 testes).
To date, Ad. marsupium has only been reported from its type locality, the Dry Tortuga
Islands in the Gulf of Mexico (Linton 1916). As part of this study, four specimens tentatively
identified as Ad. marsupium collected from Ae. narinari in the Caribbean Sea by Drs. L. BunkleyWilliams and E. H. Williams (Universidad de Puerto Rico–Mayaguez) were available for study.
Three of these specimens were complete worms measuring ca. 37–42 mm in total length. The
overall morphology of these specimens was consistent with Adelobothrium (e.g., apical organ and
scolex proper shape, vitelline follicles in several lateral columns, well-developed external seminal
vesicle, testes distribution). However, additional measurements are needed to confirm their specific
identities, but conspecificity with Ad. marsupium is suspected. In order to have a better
understanding of the actual number of species of Adelobothrium parasitizing Ae. narinari in the
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western Atlantic, including the Gulf of Mexico and Caribbean Sea, additional collections from
these areas are needed.

Adelobothrium Shipley, 1900
Revised diagnosis (modified from Yamaguti 1959): Order Lecanicephalidea. Worms
euapolytic. Scolex consisting of scolex proper with 4 acetabula, apical modification of scolex
proper, and apical organ; cephalic peduncle absent. Scolex proper appearing vacuous, with small
distinct cells, presumably glandular in nature, around periphery. Acetabula in form of suckers;
suckers not visible externally, directed anteriorly. Apical modification of scolex proper bearing
apical organ. Apical organ elongate, with large glandular cells at apex, and weakly muscular; noninvaginable, non-retractable; apical organ approximately one third to one half width of scolex.
Proglottids craspedote. Longitudinal muscle bundles extending entire length of strobila, encircling
reproductive organs, discrete. Testes numerous, medial in proglottid, in 2 lateral fields, in multiple
layers anterior to ovary. Vas deferens expanded to form external seminal vesicle, external seminal
vesicle extensive. Internal seminal vesicle absent. Cirrus sac ellipsoid. Cirrus spinitriches absent.
Ovary essentially H-shaped in dorso-ventral view, bilobed in cross-section, consisting of radiating
lobes. Vagina medial, opening posterior to cirrus sac into genital atrium. Genital pores lateral,
irregularly alternating. Vitellarium follicular; vitelline follicles lateral in multiple columns anterior
to ovary, interrupted medially by uterus and external seminal vesicle. Uterus medial, tubular. Eggs
not observed. Excretory vessels in 2 pairs. Parasites of eagle rays in the genus Aetobatus
(Myliobatiformes: Myliobatidae).
Taxonomic Summary
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Type species: Adelobothrium aetiobatidis Shipley, 1900 (syn. Lecanicephalum aetiobatidis
[Shipley & Hornell, 1905] Schmidt, 1986; Tetragonocephalum aetiobatidis Shipley & Hornell,
1905).
Additional species: Adelobothrium marsupium n. comb. (Linton, 1916) Cielocha, 2013 (syn.
Tylocephalum marsupium Linton, 1916; Lecanicephalum marsupium [Linton, 1916] Fuhrmann,
1931).
Undescribed species: Adelobothrium n. sp. 1 (this study).
Etymology: Adelos, Gr., unseen, unknown, obscure; bothrion, Gr., dimunitive of bothros, trench,
pit, trough.
Remarks
Several specimens of Ae. ocellatus, the type host of Ad. aetiobatidis, from waters off
northern Australia were found to be parasitized by specimens consistent with the general
morphology of Adelobothrium. These specimens allowed for the updated diagnosis of
Adelobothrium, including a complete description of the scolex and the position, orientation, and
size of reproductive organs interpreted from whole-mounts and histological sections, and the
observation of scolex microtriches for the first time. Given this additional morphological
information now available for Adelobothrium, a comparison to all other genera currently considered
valid in the Lecanicephalidea is in order. While the apical organ of Adelobothrium is muscular,
glandular, and non-retractable, Paraberrapex Jensen, 2001 and Aberrapex Jensen, 2001 lack an
apical organ altogether; Anteropora Subhapradha, 1955, Eniochobothrium Shipley & Hornell, 1906,
Healyum Jensen, 2001, Hornellobothrium Shipley & Hornell, 1906, and Quadcuspibothrium Jensen,
2001 possess a small internal apical organ; Lecanicephalum Linton, 1890 possesses an apical organ
in the form of a sheet that can be invaginated; and Polypocephalus Braun, 1878 and Rexapex Koch,
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Jensen, & Caira, 2012 have an apical organ that is divided into tentacles or with papilliform
projections, respectively. In Adelobothrium the testes are numerous and arranged in multiple layers
medially in the proglottid, different from the single column of testes observed in Sesquipedalapex
Jensen, Nikolov ,& Caira, 2011, two columns of testes observed in Collicocephalus Koch, Jensen, &
Caira, 2012, and three testes total observed in Corrugatocephalum Caira, Jensen, & Yamane, 1997.
In addition, Adelobothrium differs from Sesquipedalapex, Collicocephalus, and Corrugatocephalum
by possessing multiple columns of vitellaria encroaching the midline (i.e., more than four columns),
rather than vitellaria in one or two irregular columns, four lateral columns, or in five pairs,
respectively. Adelobothrium lacks external modifications to the strobila and possesses rows of
vitellaria lateral to the field of testes, differing from Elicilacunosus Koch, Jensen, & Caira, 2012
which possesses a region of musculo-glandular depressions along the midline of the dorsal and
ventral surfaces of the strobila and has only four columns of vitellaria medial to the testes. Having
craspedote proglottids, a tubular uterus, and an ovary with radiating lobes in dorso-ventral view
distinguishes Adelobothrium from Tetragonocephalum Shipley & Hornell, 1905 which has
acraspedote proglottids, a constricted uterus, and an oval shaped ovary in dorso-ventral view.
Adelobothrium appears superficially most similar to Tylocephalum Linton, 1890. Both
genera have testes in multiple layers, several columns of vitellaria, and a large external seminal
vesicle. However, the genera differ most notably in the form of their scoleces and apolysis. The
apical organ of Adelobothrium is elongate with prominent gland cells and is weakly muscular; it is
between one third to one half the width of the scolex. In Tylocephalum, the apical organ is also
elongate, and strongly muscular but not glandular; it is of nearly equal width as the scolex. The
suckers of Adelobothrium are not visible externally, positioned at the superior margin of the scolex,
and anteriorly directed, whereas in Tylocephalum the suckers are visible externally, positioned

60

around the center of the scolex, and outwardly directed. Furthermore, Adelobothrium is euapolytic,
possessing proglottids that are fully mature, but not gravid; gravid proglottids have not been
observed attached to the strobila or as detached proglottids, whereas most species of Tylocephalum
are apolytic, possessing gravid proglottids on the strobila.
Adelobothrium is also compared to the other genera treated in this dissertation.
Adelobothrium possesses two pairs (four total) of excretory vessels while Hexacanalis Perrenoud,
1931 (see Chap. 2.3), Stoibocephalum n. gen. (see Chap. 2.4), and Floriparicapitus n. gen. (see
Chap. 2.5) which possess three pairs (six total) of excretory vessels. In addition, in these latter three
genera the apical organ can be invaginated or retracted into the scolex proper whereas the apical
organ of Adelobothrium is never invaginated or retracted into the scolex proper. Adelobothrium is
similar to Cephalobothrium Shipley & Hornell, 1906 (see Chap. 2.1) in having an ovary that is Hshaped in dorso-ventral view with radiating lobes and in having multiple columns of vitellaria
anterior to the ovary. However, the two genera are easily distinguished based on their scolex
morphology. Whereas Adelobothrium has an apical organ that is external, non-invaginable, and
glandular, that of Cephalobothrium is in the form of an internal pad that is glandular and possibly
non-protrusible.

DISCUSSION
The status of Adelobothrium within the Lecanicephalidea has not received much attention
since its erection over a century ago. The original diagnosis of this seemingly rarely encountered
elasmobranch cestode included some detail in terms of scolex attachment, scolex and strobilar
musculature, and the nature of glandular cells in the apical organ, and it included an illustration of
the anatomy for a mature proglottid (see Shipley 1900). Thereafter, Adelobothrium was recognized
by many authors as a valid genus within the Lecanicephalidea (Meggitt 1924; Southwell 1925;
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Poche 1926; Woodland 1927; Pintner 1928; Fuhrmann 1931; Hyman 1951; Wardle & McLeod
1952). Yamaguti (1959) considered Adelobothrium distinct enough among the Lecanicephalidea to
create the new family Adelobothriidae Yamaguti, 1959, although this family was accepted by few
other authors (Schmidt 1970, 1986; Wardle et al. 1974). Even in the absence of new collections or
reports of this taxon, other authors argued for a close association with Tylocephalum. Southwell
(1925) and later Yamaguti (1959) questioned the validity of Adelobothrium with respect to
Tylocephalum and suggested that Tylocephalum marsupium was a junior synonym of A.
aetiobatidis, and Woodland (1927) considered T. marsupium and T. dierama Shipley & Hornell,
1906 synonyms of A. aetiobatidis. However, others considered T. marsupium and A. aetiobatidis to
be distinct (Campbell & Williams 1984). More recently Adelobothrium was considered a synonym
of Tylocephalum in the family Tetragonocephalidae (see Euzet 1994). Jensen (2005) recognized
Adelobothrium as distinct from Tylocephalum but considered it too poorly known, thus, it became a
genus inquirendum in the Lecanicephalidea. It should be noted that in a recent publication a species
identified as a member of Adelobothrium was described (Mote 2011). However the description and
illustrations of this new species (referred to as both “Adelobothrium carcharisase” and
“Adelobothrum kakinadinsis,” in the same publication) are inconsistent with the generic diagnosis
of Adelobothrium. The new species is described as possessing gravid proglottids and a large
muscular apical organ, features consistent with Tylocephalum. Furthermore, a holotype specimen of
this species was not designated nor was it deposited in a museum, which is in violation of Article
16.4 in the International Code for Zoological Nomenclature, rendering this a nomen nudum.
Beyond this, no other species of Adelobothrium have been described. The original type series of the
type species could not be located as there was no indication of deposition in the original publication
(Shipley 1900) or subsequent publications that revised the genus (e.g., Southwell 1925; Yamaguti
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1959). This study allowed for the redescription of the type species, a revised generic diagnosis, as
well as the transfer of T. marsupium to the genus which was considered distinct from A.
aetiobatidis (see Remarks section). These data together with a detailed comparison of
Adelobothirum to all other known lecanicephalidean genera allows for this taxon to be easily
recognized in the future.
Adelobothrium has traditionally been allied with a few different lecanicephalidean families
including the Lecanicephalidae Braun, 1900 (see Meggitt 1924; Fuhrmann 1931, Hyman 1951), the
Cephalobothriidae Pintner, 1928 (see Pintner 1928; Wardle & McLeod 1952; Joyeux & Baer 1961),
the Tetragonocephalidae Yamaguti, 1959 (as a synonym of Tylocephalum; see Euzet 1994), and as
the only genus in the Adelobothriidae (see Yamaguti 1959; Schmidt 1970, 1986). There is little
doubt that based on morphology Adelobothrium shares some similarities with Tylocephalum (see
above) and Cephalobothrium (see above; Chap. 2.1), but it can also be distinguished from these
genera based on a suite of morphological characters. However, the use of molecular sequence data
in this study (see Chap. 3) strongly supports a close relationship between Adelobothrium and
Cephalobothrium to the exclusion of all other lecanicephalidean genera, including Tylocephalum,
suggesting Adelobothrium is a member of the Cephalobothriidae.
Spermatozoon ultrastructural data are limited for the Lecanicephalidea. Adelobothrium is
the first lecanicephalidean genus for which the spermatozoon ultrastructure is fully characterized
using transmission electron microscopy (see Chap. 4).
Adelobothrium clearly displays a close association with hosts in the genus Aetobatus. In
fact, Ad. aetiobatidis and Ad. marsupium appear restricted to a species each of Aetobatus, Ae.
ocellatus and Ae. narinari, respectively, and Adelobothrium n. sp. 1 appears restricted to Aetobatus
sp. sensu Naylor et al. (2012). The geographic distribution of Ad. aetiobatidis encompasses at least
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part of the range of Ae. ocellatus, including the eastern Indian Ocean off northern Australia and the
western Pacific Ocean off New Caledonia. The distribution of Ad. aetiobatidis may be expanded to
include Borneo, Vietnam, and other locations off northern Australia once specimens of
Adelobothrium from these localities are studied in further detail (see Table I). The geographic
distribution of Ad. marsupium is consistent with the distribution of its host, Ae. narinari, which
includes the western Atlantic Ocean, in the Gulf of Mexico and possibly the Caribbean Sea. The
geographic distribution of Adelobothrium n. sp. 1 is only reported from the western Pacific Ocean
off Vietnam, however the distribution of its host is not well understood. Each of these reported
distributions may be expanded with continued sampling efforts given that the host distributions are
likely broader than those parasitized by specimens of Adelobothrium herein. Previously, everal
specimens of Aetobatus laticeps Gill from the Gulf of California were examined by Jensen (2001),
though members of Adelobothrium were not found. Future collections of the species of Aetobatus
as of yet unexamined may further expand our knowledge of the distribution and diversity of
Adelobothrium. Specimens of Aetobatus flagellum (Bloch & Schneider 1801) and an additional two
putative species of Aetobatus, one from the Mozambique Channel and one from the Persian Gulf
near Qatar (see Naylor et al. 2012), have yet to be examined and are likely to host species of
Adelobothrium.
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Figure 1. Line drawings of Adelobothrium aetiobatidis. (A) Scolex. (B) Mature proglottid. Arrowheads indicate
approximate location of sections in Figure 3. (C) Whole worm.
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Figure 2. Scanning electron micrographs of Adelobothrium aetiobatidis. (A) Scolex; small letters indicate
location of detail in Figs. 2B-D. (B) Surface of apical organ
with spongy appearance. (C) Surface of scolex proper
covered with scolopate spinitriches. (D) Strobilar surface
covered with capilliform filitriches throughout.
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Figure 3. Histological sections and light micrograph of Adelobothrium aetiobatidis and Adelobothrium n. sp. 1.
(A–F) Adelobothrium aetiobatidis. (A) Cross-section through mature proglottid anterior to genital pore showing
testes in multiple layers, prominent longitudinal muscle bundles, and nature of vitelline follicles in relation to
muscle bundles. (B) Cross-section through mature proglottid at level of genital pore. Note excretory vessels along
outer margin of proglottid. (C) Cross-section of mature proglottid posterior to genital pore showing expanded external seminal vesicle. (D) Cross-section of mature proglottid at level of ovarian bridge showing radiating lobes of
ovary. (E) Longitudinal section of scolex. Note longitudinal muscles from strobila and scolex entering apical organ.
Black arrowheads indicate boundary of region of apical organ with glandular cells. White box indicates area of inset.
Inset showing darkly staining cells along periphery of scolex proper. (F) Light micrograph of apical organ showing
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apical modification of scolex proper at base. Black arrowheads indicate boundary of region of apical organ with
glandular cells. (G) Adelobothrium n. sp. 1. In situ longitudinal section of scolex showing apical organ embedded
in host epithelium. Note funnel shape of apical organ with central protuberance. Abbreviations: AMSP, apical
modification of scolex proper; AO, apical organ; CS, cirrus sac; ESV, external seminal vesicle; LM, longitudinal
muscle bundle; MG, Mehlis’ gland; O, ovary; OD, oviduct; T, testis; U, uterus; UD, uterine duct; VA, vagina; VD,
vas deferens; VF, vitelline follicle. Asterisks (*) indicate excretory vessels.
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Table I. List of specimens of Aetobatus parasitized by Adelobothrium.
Species of Adelobothrium
Host species (Host ID no.)
Collecting locality
Aetobatus ocellatus (AU-41)†
Darwin (12°20'11"S, 130°54'39"E ), Northern Territory, Australia, Indian Ocean
Adelobothrium aetiobatidis
Aetobatus ocellatus (AU-57)*†
Darwin (12°20'11"S, 130°54'39"E ), Northern Territory, Australia, Indian Ocean
Adelobothrium aetiobatidis
Aetobatus ocellatus (BOD-53)
Adelobothrium cf. aetiobatidis
Sandakan (05°50'20.17"N, 118°07'15.78"E), Sabah, Malaysia (Borneo), Pacific Ocean
Aetobatus ocellatus (CM03-20)
Adelobothrium cf. aetiobatidis
Weipa, Queensland (12°35'11"S, 141°42'34"E), Australia, Pacific Ocean
Aetobatus ocellatus (CM03-32)
Adelobothrium cf. aetiobatidis
Weipa, Queensland (12°35'11"S, 141°42'34"E), Australia, Pacific Ocean
Aetobatus ocellatus (CM03-44)
Adelobothrium cf. aetiobatidis
Weipa, Queensland (12°35'11"S, 141°42'34"E), Australia, Pacific Ocean
Aetobatus ocellatus (CM03-52)
Adelobothrium cf. aetiobatidis
Weipa, Queensland (12°35'11"S, 141°42'34"E), Australia, Pacific Ocean
Aetobatus ocellatus (KA-84)
Adelobothrium cf. aetiobatidis
Pagatan (03°36'46.10"S, 115°55'05.10"E), South Kalimantan, Indonesia (Borneo), Pacific Ocean
Aetobatus ocellatus (NT-95)
Adelobothrium cf. aetiobatidis
Wessel Island (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
Aetobatus ocellatus (VN-38)
Adelobothrium cf. aetiobatidis
Bach Long Vi Island (20°07'60.00"N, 107°43'60.00"E), Vietnam, Pacific Ocean
Aetobatus cf. ocellatus (SO-34)
Adelobothrium sp.
Sagheraghi (8°2'15.1"S, 156°45'57.1"E), Western Province, Ghizo, Solomon Islands, Pacific Ocean
Aetobatus sp. (VN-5)
Adelobothrium n. sp. 1
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. (VN-6)
Adelobothrium n. sp. 1
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
Aetobatus sp. (VN-16)
Adelobothrium n. sp. 1
Cat Ba (20°43'31.1"N, 107°02'54.9"E), Haiphong Province, Cat Ba Island, Vietnam, Pacific Ocean
* Indicates host from which the Neotype was collected.
† Indicates hosts from which measurements were taken and reported in the redescription of Adelobothrium aetiobatidis.

69

LITERATURE CITED
Butler, S.A. 1987. Taxonomy of some tetraphyllidean cestodes from elasmobranch fishes.
Australian Journal of Zoology 35: 343–371.
Caira, J.N., K. Jensen & C.J. Healy. 2001. Interrelationships among tetraphyllidean and
lecanicephalidean cestodes. In: Littlewood D.T.J & R.A. Bray RA (Eds.), Interrelationships
of the Platyhelminthes. Taylor & Francis, London, pp 135-158.
Chervy, L. 2009. Unified terminology for cestode microtriches: a proposal from the International
Workshops on Cestode Systematics in 2002–2008. Folia Parasitologica 56: 199–230.
Euzet, L. 1994. Order Lecanicephalidea Wardle & McLeod, 1952. In: Khalil, L.F., A. Jones & R.A.
Bray (Eds.), Keys to the Cestode Parasites of Vertebrates. CAB International, Wallingford,
U.K., pp. 195–204.
Fuhrmann, O. 1931. Dritte Klasse des Cladus Plathelminthes: Cestoidea. In: Kükenthal, W. & T.
Krumbach (Eds.), Handbuch der Zoologie (1928-1933). Walter de Gruyter & Co., Berlin,
pp. 141–416.
Hyman, L.H. 1951. The Invertebrates: Platyhelminthes and Rhynchocoela. The acoelomate
Bilateria. Volume II. McGraw-Hill Book Company, Inc., New York, 550 pp.
Ivanov, V.A. & R.A. Campbell. 2000. Emendation of the generic diagnosis of Tylocephalum
(Cestoda: Lecanicephalidea: Tetragonocephalidae), and description of Tylocephalum
brooksi n. sp. Journal of Parasitology 86: 1085–1092.
Jensen, K. 2005. Tapeworms of elasmobranchs (Part I) – A monograph on the Lecanicephalidea
(Platyhelminthes, Cestoda). Bulletin of the University of Nebraska State Museum 18: 1–
236.
Joyeux, C. & J.G. Baer. 1961. Classe des Cestodaires. In: Grassé, P.-P. (Ed.) Traité de Zoologie-

70

Anatomie, Systématique, Biologie, Volume 4. Maston et Cie., Paris, pp. 327–346.
Linton, E. 1916. Notes on two cestodes from the spotted sting-ray. Journal of Parasitology 3: 34–
37.
Marie, A.D. & J.-L. Justine. 2005. Monocotylids (Monogenea: Monopisthocotylea) from Aetobatus
cf. narinari off New Caledonia, with a description of Decacotyle elpora n. sp. Systematic
Parasitology 60: 175–185.
Meggitt, F.J. 1924. The Cestodes of Mammals. London. 282 pp.
Moravec, F. & J.-L. Justine. 2006. Three nematode species from elasmobranchs off New
Caledonia. Systematic Parasitology 64: 131–145.
Mote, A. 2011. On a new species of the genus adelobothrium, shipley (1900) from the intestine of
marine fish carcharias acutus. International Multidisciplinary Research Journal 1: 9–10.
Naylor, G.J.P., J.N. Caira, K. Jensen, K.A.M. Rosana, W.T. White & P.R. Last. 2012. A DNA
sequence-based approach to the identification of shark and ray species and its implications
for global elasmobranch diversity and parasitology. Bulletin of the American Museum of
Natural History 367: 1–262.
Pintner, T. 1928. Helminthologische Mitteilungen. Zoologische Anzeiger 76: 55–116.
Poche, F. 1926. Das System der Platodaria. Archiv für Naturgeschichte 9: 241–436.
Richards, V.P., M. Henning, W. Witzell & M.S. Shivji. 2009. Species delineation and evolutionary
history of the globally distributed spotted eagle ray (Aetobatus narinari). Journal of
Heredity 100: 273–283.
Schmidt, G.D. 1970. How to Know the Tapeworms. William C. Brown Company Publishers,
Dubuque, Iowa, U.S.A. 266 pp.

71

Schmidt, G.D. 1986. Handbook of Tapeworm Identification. CRC Press, Inc., Boca Raton, Floirda,
U.S.A. 675 pp.
Shipley, A.E. 1900. A description of the Entozoa collected by Dr. Willey during his sojourn in the
Western Pacific. Zoological Results based on material from New Britain, New Guinea,
Loyalty Islands and elsewhere, collected during the years 1895, 1896, and 1897, by Arthur
Willey. Part 5: 531–568.
Southwell, T. 1912. A description of ten new species of cestode parasites from marine fishes of
Ceylon, with notes on other cestodes from the same region. Ceylon Marine Biological
Report 1: 259–278.
Southwell, T. 1925. A monograph on the Tetraphyllidea with notes on related cestodes. Memoirs of
the Liverpool School of Tropical Medicine (New Series) 2: 1–368.
Waeschenbach A., B.L. Webster & D.T.J. Littlewood. 2012. Adding resolution to ordinal level
relationships of tapeworms (Platyhelminthes: Cestoda) with large fragments of mtDNA.
Molecular Phylogenetics and Evolution 63: 834–847.
Waeschenbach A., B.L. Webster, R.A. Bray & D.T.J. Littlewood. 2007. Added resolution among
ordinal level relationships of tapeworms (Platyhelminthes: Cestoda) with complete small
and large subunit nuclear ribosomal RNA genes. Molecular Phylogenetics and Evolution
45: 311–325.
Wardle, R.A. & J.A. McLeod. 1952. The Zoology of Tapeworms. University of Minnesota Press,
Minneapolis, 780 pp.
Wardle, R.A., J.A. McLeod, & S. Radinovsky. 1974. Advances in the Zoology of Tapeworms,
1950-1970. University of Minnesota Press, Minneapolis, U.S.A. 274 pp.
White, W.T., P.R. Last, G.J.P. Naylor, K. Jensen & J.N. Caira. 2010. Clarification of Aetobatus

72

ocellatus (Kuhl, 1823) as a valid species, and a comparison with Aetobatus narinari
(Euphrasen, 1790) (Rajiformes: Myliobatidae). In: Last, P.R., W.T. White & J.J. Pogonoski
(Eds.), Descriptions of New Sharks and Rays from Borneo. CSIRO Marine and Atmospheric
Research Paper 032, Victoria, Australia, pp. 141–164.
Woodland, W.N.F. 1927. A revised classification of the tetraphyllidean Cestoda, with descriptions
of some Phyllobothriidae from Plymouth. Proceedings of the Zoological Society of London,
Part 3. 95: 519–548.
Yamaguti, S. 1959. Systema Helminthum. Vol. II. The Cestodes of Vertebrates. Interscience
Publishers, Inc., New York, U.S.A. 860 pp.

73

CHAPTER 2.3
A REVISION OF HEXACANALIS PERRENOUD, 1931 (CESTODA:
LECANICEPHALIDEA) AND DESCRIPTION OF H. FOLIFER N. SP. FROM
THE ZONETAIL BUTTERFLY RAY GYMNURA ZONURA (BLEEKER)
(RAJIFORMES: GYMNURIDAE)*

*Previously published in Systematic Parasitology (2011) 79:1–16 with co-author K. Jensen.
Reproduced with permission (license number: 3134831419227).
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Abstract Hexacanalis Perrenoud, 1931 was erected
for H. abruptus (Southwell, 1911) Perrenoud, 1931
based on the presence of six excretory vessels, a
unique feature among the Lecanicephalidea. The
genus has since been considered a junior synonym of
Cephalobothrium Shipley & Hornell, 1906 or Lecanicephalum Linton, 1890, or as a genus inquirendum.
Based on examination of the syntype series of
H. abruptus, this species is redescribed and a lectotype
designated. Examination of cestodes from the zonetail
butterfly ray Gymnura zonura (Bleeker) from off
Indonesian Borneo resulted in the discovery of a
second species. Hexacanalis folifer n. sp. is unique
among lecanicephalideans in its possession of an ovary
that is U-shaped in cross-section and craspedote
proglottids with prominent posterior dorso-ventral
processes in the form of large lappets. The presence
of six excretory vessels, confirmed in both species,
supports the validity of Hexacanalis. An additional
species, H. pteroplateae (Zaidi & Khan, 1976)
n. comb., also from a butterfly ray, G. micrura (Bloch
& Schneider) [as Pteroplatea micrura (Bloch &
Schneider)], is transferred to this genus from Cephalobothrium Shipley & Hornell, 1906. A revised
diagnosis of Hexacanalis is presented. Seven species

J. J. Cielocha  K. Jensen (&)
Department of Ecology and Evolutionary Biology and
Biodiversity Institute, University of Kansas, Lawrence,
KS 66045, USA
e-mail: jensen@ku.edu

of this genus remain species inquirendae. Hexacanalis
appears to parasitise species of the Gymnuridae van
Hasselt; however, specific identifications of the hosts
are in need of re-evaluation. A summary of the cestode
parasites of the Gymnuridae is presented.

Introduction
In 1911, Southwell described Cephalobothrium abruptum Southwell, 1911 from the smooth butterfly
ray Gymnura micrura (Bloch & Schneider) (as
Pteroplatea micrura [Bloch & Schneider]) off Sri
Lanka. Southwell (1911) indicated that he had
available to him 87 specimens, which he deposited
for reference in the Colombo Museum, Colombo, Sri
Lanka. A subset of these syntypes were examined by
Prof. O. Fuhrmann (University of Neuchâtel, Switzerland), who subsequently offered them to Prof.
W. Perrenoud for study (Perrenoud, 1931). To our
knowledge, the syntypes of C. abruptum examined by
Perrenoud (1931) consisted of histological sections
only. Based on the presence of six excretory vessels,
a feature uncharacteristic of species of Cephalobothrium Shipley & Hornell, 1906, as defined by Shipley
& Hornell (1906), Perrenoud erected Hexacanalis
Perrenoud, 1931with H. abruptus (Southwell, 1911)
Perrenoud, 1931 as the type-species. Since then,
seven additional species have been assigned to this
genus: H. govindi Wankhede, 2003; H. thapari
Shinde, Jadhav & Jadhav, 1991; H. indirajii
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Murlidhar, 1986; H. smythii Murlidhar, Shinde &
Jadhav, 1986; H. sasoonensis Srivastava & Capoor,
1980; H. yamagutii Shinde & Deshmukh, 1979; and
H. zugei Shinde & Deshmukh, 1979; plus a nomen
nudum, H. sephanensis, used by Mohekar et al.
(2002).
However, the taxonomic identity of Hexacanalis
has been uncertain since its erection. Its taxonomic
history, and that of its type-species, were summarised
by Euzet (1994) and Jensen (2005). Some authors
recognised Hexacanalis as a valid genus (e.g. Wardle
& McLeod, 1952; Yamaguti, 1959; Joyeux & Baer,
1961; Schmidt, 1986), others considered Hexacanalis
to be a junior synonym of Cephalobothrium (e.g.
Zaidi & Khan, 1976; Campbell & Williams, 1984;
Rego, 1985; Butler, 1987a) or a junior synonym of
Lecanicephalum Linton, 1890 (e.g. Fuhrmann, 1931;
Euzet, 1994). Most recently, Jensen (2005) considered
Hexacanalis to be a genus inquirendum in the
Lecanicephalidea, because of its questionable distinctness from Cephalobothrium, and consequently
considered the eight species placed in Hexacanalis to
be species inquirendae. Prof. L. Euzet (Station
Méditerranéenne de l’Environnement Littoral, Université Montpellier II, Sète, France) had in his
collection syntypes of H. abruptus, which we examined in order to investigate the validity of the genus as
distinct from Cephalobothrium and Lecanicephalum.
In this study, H. abruptus is redescribed from a
subset of syntypes and Hexacanalis is revised. In
addition, as part of a recent survey of metazoan
parasites of elasmobranchs from the waters off
Borneo, a single specimen of the zonetail butterfly
ray Gymnura zonura (Bleeker) was examined for
cestodes. This butterfly ray was found to be parasitised by a lecanicephalidean with six excretory vessels
resembling, but clearly distinct from, H. abruptus.
This lecanicephalidean is highly unusual among
elasmobranch cestodes, and cestodes in general, in
that it possesses craspedote proglottids that are almost
circular in cross-section and that bear prominent
posterior dorso-ventral processes in the form of
lappets. These features prevent specimens from being
mounted in dorso-ventral view, complicating the
interpretation of its internal anatomy and necessitating
illustrations in lateral, rather than dorso-ventral views.
This lecanicephalidean was found to represent a new
species of Hexacanalis, which is described herein.
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Materials and methods
One male specimen of Gymnura zonura was collected by local fishermen off Manggar (01°120 55.200 S,
116°580 27.500 E), Makassar Strait, East Kalimantan,
Indonesia in August, 2008 (host no.: KA-437; see
http://tapewormdb.uconn.edu/hosts.php for images).
The spiral intestine was removed, opened with a
longitudinal incision, fixed in 10% formalin buffered
with seawater and transferred to 70% ethanol for
storage. At the University of Kansas, the spiral
intestine was examined for tapeworms using a dissecting microscope. Specimens were prepared for
examination with light and scanning electron
microscopy (SEM) according to the following protocols. For whole-mounts, specimens were hydrated,
stained with Delafield’s haematoxylin, dehydrated in
a graded series of ethanols, cleared in methyl salicylate and mounted in Canada balsam on glass slides.
Six scoleces and four proglottids were prepared as
histological sections. These specimens were dehydrated in a graded series of ethanols, cleared in
xylene and embedded in paraffin according to standard techniques. Serial transverse and longitudinal
sections of scoleces and proglottids were cut at 7 lm
intervals using a TBS CUT 4060 Microtome. Sections were floated on glass slides flooded with 3%
sodium silicate and allowed to air-dry on a slide
warmer. Sections were subsequently stained with
Delafield’s haematoxylin, counterstained with eosin,
cleared in xylene and mounted in Canada balsam on
glass slides. Semi-permanent egg mounts were prepared for light microscopy by placing detached
gravid proglottids in lactophenol for c.2 hr in an open
container under a fume hood. Proglottids were subsequently broken open with insect pins, and the eggs
isolated and mounted in lactophenol on glass slides
under a coverslip sealed with nail polish. Five scoleces and nine proglottids were prepared for SEM.
Specimens were hydrated in a graded series of ethanols, post-fixed in 1% osmium tetroxide overnight,
dehydrated in a graded series of ethanols, transferred
to hexamethyldisilizane (HMDS) for 15 minutes, airdried and mounted on aluminum stubs with doublesided adhesive carbon tape. Specimens were sputter
coated with c.35 nm of gold and examined with a
Zeiss LEO 1550 field emission scanning electron
microscope.
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Hexacanalis abruptus (Southwell, 1911) Perrenoud, 1931
Syns Cephalobothrium abruptum Southwell, 1911;
Lecanicephalum abruptum (Southwell, 1911)
Fuhrmann, 1931
Type-host: Gymnura micrura (Bloch & Schneider)
[as Pteroplatea micrura (Bloch & Schneider) by
Southwell (1911)], smooth butterfly ray (Rajiformes:
Gymnuridae).
Type-locality: Portugal Bay, Ceylon (now Sri Lanka).
Site of infection: Spiral intestine.
Type-specimens: BMNH No. 2011.2.1.1 (lectotype);
BMNH Nos 2011.2.1.2-20 (paralectotypes) from
Southwell’s (1911) original syntype series.
Additional specimens: BMNH No. 2011.2.1.21-24
(vouchers) from Southwell’s (1911) original series.
Etymology: abruptus, L., broken off, separated.
Redescription (Figs. 1, 4A–C)
[Based on 7 complete fragmented worms, 11 slides of
partial specimens, 6 slides of proglottid cross-sections and 4 slides of proglottid longitudinal sections.]
Worms 37–90 mm (58.9 ± 18.9; 7) (11–12 cm)

B

100

µm

500 µm

Line drawings were made using a drawing tube
attached to a Zeiss Axioskop 2 Plus compound
microscope. Reproductive organs were measured in
mature proglottids only. Measurements of whole
worms are in millimetres. All other measurements are
given in micrometres (lm) and are reported as the
range followed in parentheses by the mean, standard
deviation, the number of worms examined, and the
total number of measurements, if more than one
measurement was taken per worm. In the redescription of H. abruptus, measurements as they were
presented in the original description of Southwell
(1911) are given in parentheses in bold following
measurements of the syntypes taken as part of this
study. Microthrix terminology follows Chervy
(2009). Host taxonomy follows Compagno (2005).
Museum abbreviations are as follows: BMNH, Natural History Museum, London, UK; LRP, Lawrence
R. Penner Parasitology Collection, University of
Connecticut, Storrs, Connecticut, USA; MZB,
Museum Zoologicum Bogoriense, Zoological Division, Research Center for Biology, Indonesian
Institute of Science, Jakarta-Bogor, Indonesia;
USNPC, US National Parasite Collection, Beltsville,
Maryland, USA.

A
Fig. 1 Line drawing of Hexacanalis abruptus (Southwell, 1911) Perrenoud, 1931. A. Scolex (BMNH No. 2011.2.1.11,
paralectotype); B. Mature proglottid, dorso-ventral view (BMNH No. 2011.2.1.1, lectotype)
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long, euapolytic; proglottids 350–775 (495 ± 153; 7)
in number. Scolex consisting of scolex proper with 4
acetabula, apical modification of scolex proper and
apical organ (Fig. 1A), 901–1,613 (1,228 ± 197; 20)
long by 920–1,562 (1,172 ± 200; 20) (1.2 mm)
wide, widest at level of acetabula. Acetabula in form
of suckers, round, 159–294 (204 ± 30; 20; 30) in
diameter. Apical modification of scolex proper bearing apical organ. Apical organ muscular, invaginable,
510–1,135 (688 ± 140; 20) long by 573–1,000
(723 ± 122; 20) wide when invaginated; muscular
layer 106–296 (176 ± 46; 20) thick.
Cephalic peduncle absent. Proglottids craspedote.
Immature proglottids 300–696 (440 ± 141; 7) in
number, wider than long, becoming longer than wide
with maturity; posterior-most immature proglottids
144–363 (234 ± 61; 9) long by 398–963 (653 ±
175; 9) (1.5 mm) wide. Mature proglottids 36–79
(54 ± 14; 7) in number; posterior-most mature
proglottid longer than wide; terminal proglottid
398–878 (604 ± 133; 14) (1.2 mm) long by
275–620 (441 ± 87; 14) (0.6 mm) wide (Fig. 1B).
Gravid proglottids not observed. Testes (only clearly
visible in 2 specimens) 9–14 (11 ± 2; 2, 6) in
number, 32–61 (46 ± 11; 2; 7) long by 54–73
(62 ± 8; 2, 7) wide, in several columns, extending
from anterior margin of proglottid to region between
genital pore and ovary. Vas deferens expanded to
form external seminal vesicle; external seminal
vesicle sigmoid, extends from region posterior to
Mehlis’ gland anteriorly to enter distal margin of
cirrus-sac. Internal seminal vesicle absent. Cirrus-sac
spherical, 137–282 (198 ± 51; 13) long by 116–297
(158 ± 46; 13) wide, containing coiled cirrus
(Fig. 4B). Cirrus spinitriches not observed. Ovary
bilobed in dorso-ventral view (Figs. 1A, 4A), 83–157
(116 ± 24; 12) long by 140–285 (210 ± 35; 12)
wide, U-shaped in cross-section (Fig. 4C). Vagina
straight, extends along mid-line of proglottid from
oötype to genital atrium, enters genital atrium
posterior to cirrus-sac. Genital pores lateral, irregularly alternating, 20–40% (30 ± 10; 14) of proglottid
length from anterior end of proglottid. Uterus saccate,
extends from oötype region along mid-line of
proglottid to genital pore; uterine duct not observed.
Vitellarium follicular; vitelline follicles 22–67
(41 ± 11; 9; 30) long by 38–78 (54 ± 12; 9; 21)
wide, in 2 extensive lateral fields (Fig. 1B); fields
extend from anterior proglottid margin to overlap

Syst Parasitol (2011) 79:1–16

anterior margins of ovary; post-ovarian vitelline
follicles absent. Eggs not observed. Excretory vessels
6, with 3 on each lateral margin of proglottid
(Fig. 4A).
Remarks
Southwell (1911) indicated that he had 87 specimens
of this species available to him at the time of the
original description. Of these, we were able to
examine only 35 slides, which had been in the
collection of Prof. L. Euzet. Thirty-one of these 35
slides bear the designation ‘‘type’’ and, on the slide
label, list ‘‘Pteroplatea micrura’’ as the host. These
31 slides are considered here to belong to Southwell’s
original syntype series of H. abruptus. Since the
remaining four slides available to us are missing the
‘‘type’’ designation and host identification (although
they do appear to be representative of H. abruptus),
they should be considered to be vouchers of
H. abruptus. They have been deposited in the
Collection of the Natural History Museum in London
(BMNH) (BMNH No. 2011.2.1.21-24, vouchers).
However, the 31 syntype slides examined appear
to consist of a mixture: 28 slides (10 histological
sections and 18 whole-mounts) of H. abruptus and
three slides of a second species of Hexacanalis that is
distinct from H. abruptus (see Discussion below).
Consequently, these latter three syntype slides should
be excluded from the syntype series. They have been
deposited as Hexacanalis sp. in the BMNH Collection (Nos 2011.2.1.25-27, vouchers). To complicate
matters, one of the 18 whole-mounts of H. abruptus
also contains partial strobilae from the different
Hexacanalis species. Given the mixed nature of the
syntype series, in the interest of stability, we have
designated a lectotype from among the specimens of
H. abruptus. The specimen chosen is the most
complete specimen that is consistent with the original
description of the species. This syntype has been
deposited in the BMNH Collection (No. 2011.2.1.1,
lectotype). The remaining 27 syntype slides are
formally designated as paralectotypes and have also
been deposited in the BMNH Collection (Nos
2011.2.1.2-20). Specifically, these consisted of six
whole-mounts of complete worms, 11 whole-mounts
of partial specimens, six slides of proglottid crosssections and four slides of strobila longitudinal
sections.
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Measurements of the 18 complete and partial
whole-mounted worms were included in this redescription. Only a subset of the limited measurements
of features given by Southwell (1911) fall within the
range of our measurements (i.e, scolex width and
mature proglottid width). The remaining two measurements of features given by Southwell (1911) are
slightly outside of our reported ranges (immature
proglottid width 467–802 lm vs 1.5 mm; mature
proglottid length 398–878 lm vs 1.2 mm). These
discrepancies could either be due to the fact that we
had at our disposal only a subset of the 87 specimens
used by Southwell (1911), or that Southwell’s
material represented two species, or that Southwell’s
(1911) original measurements may have been made
on living material, or a combination of the above.
Measurements of features from Perrenoud’s (1931)
redescription of H. abruptus, which were based only
on histological sections, are not compared to those
generated in this study in detail. Suffice it to say that
Perrenoud’s measurements are generally consistent
with our findings. The description has been expanded
here to include the total number of proglottids,
number of mature proglottids, ovary length and shape
of uterus. However, in a few cases, our description of
H. abruptus differs significantly from the description
of Southwell (1911) or Perrenoud (1931), presumably
due to a different interpretation of features or
measurements taken from cross-sections rather then
whole-mounts (e.g. size of testes, cirrus-sac width,
ovary width and width of vitelline follicles). Unfortunately, microthrix data were not available for this
species.

Hexacanalis folifer n. sp.
Type-host: Gymnura zonura (Bleeker), zonetail butterfly ray (Rajiformes: Gymnuridae) (host no.:
KA-437).
Type-locality: Manggar (01°120 55.200 S, 116°580 27.500 E),
Makassar Strait, East Kalimantan, Indonesia.
Site of infection: Spiral intestine.
Type-specimens: MZB Ca 137 (holotype) and MZB
Ca 138–140 (3 paratypes: 1 whole worm and 2
detached gravid proglottids); BMNH Nos
2011.1.31.1-9 (12 paratypes: 6 whole worms, 2
detached gravid proglottids, 1 scolex longitudinal
section series, 1 proglottid cross-sections series and 1

5

lactophenol preparation of eggs); USNPC No.
104128 (14 paratypes: 6 whole worms, 4 detached
gravid proglottids, 1 scolex longitudinal section
series, 1 proglottid cross-section series and 2 lactophenol preparations of eggs); LRP Nos 7524–7543
(8 paratypes: 3 whole worm, 2 detached gravid
proglottids, 1 proglottid cross-section series, 1 scolex
longitudinal section series and 1 lactophenol preparation of eggs); scoleces prepared for SEM and their
strobila vouchers and detached proglottids prepared
for SEM were retained in the collection of KJ at the
University of Kansas.
Etymology: folifer (folium, L., leaf; -fer, m., L.,
bearing) refers to the unusually strong overlapping
nature of the proglottids of this worm giving it a leafy
appearance.

Description (Figs. 2, 3, 4D–J)
[Based on 17 whole worms, 10 detached proglottids,
3 scolex longitudinal section series, 3 strobilar crosssection series, 2 scoleces, 1 detached proglottid
prepared for SEM and 5 lactophenol preparations of
eggs.] Worms 14–46 mm (29 ± 9.7; 17) long, euapolytic; maximum width 788–1,233 (1,037 ± 114; 17)
at posterior third of strobila; proglottids 251–660
(406 ± 128; 17) in number. Scolex consists of scolex
proper with 4 acetabula, apical modification of scolex
proper and apical organ (Figs. 2B, 3A), 681–1,856
(1,136 ± 282; 17) long by 536–1,140 (763 ± 148;
17) wide, widest at level of apical organ. Acetabula in
form of suckers, round, 91–137 (112 ± 12; 13, 18) in
diameter. Apical modification of scolex proper domeshaped. Apical organ extends throughout entire width
of apical modification of scolex proper, forms
anterior muscular layer, possibly invaginable; muscular layer 106–350 (204 ± 77; 16) thick at apex.
Scolex proper posterior to acetabula with coniform
spinitriches and capilliform filitriches (Fig. 3E).
Scolex proper at level of acetabula with trullate
spinitriches and capilliform filitriches (Fig. 3D).
Apical modifiction of scolex proper with capilliform
filitriches only (Fig. 3C). Apical organ with spongy
protuberances (Fig. 3B); surface possibly disrupted
due to attachment. Posterior margin of attached
proglottids with papilliform filitriches. Microthrix
pattern of detached proglottid (Fig. 3F) as follows:
proglottid apex with relatively short capilliform
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Fig. 2 Line drawing of Hexacanalis folifer n. sp. A. Whole worm; B. Scolex; C. Mature prolottid, lateral view; D. Terminal
proglottid, lateral view; arrows indicate locations of cross-sections in Fig. 4D–F

filitriches only (Fig. 3G); anterior region with lanceolate spinitriches and short capilliform filitriches
(Fig. 3H); proglottid proper with scolopate spinitriches (Fig. 3I); posterior dorso-ventral processes of

proglottid with papilliform filitriches (Fig. 3J). Base
of cirrus with capilliform filitriches (Fig. 3K).
Proglottids strongly craspedote, with prominent
posterior dorso-ventral processes in form of lappets.
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Fig. 3 Scanning electron micrographs of Hexacanalis folifer n. sp. A. Scolex; small letters indicate location of details shown in
Fig. 3B–E; arrow indicates boundary between apical modification of scolex proper and apical organ; B. Surface of apical organ; C.
Capilliform filitriches on apical modification of scolex proper; D. Trullate spinitriches and capilliform filitriches on anterior region of
scolex proper; E. Coniform spinitriches and capilliform filitriches on scolex proper posterior to suckers; F. Detached proglottid, dorsoventral view; small letters indicate location of details shown in Fig. 3G–K; G. Short capilliform filitriches on apex of detached proglottid;
H. Lanceolate spinitriches and short capilliform filitriches on anterior region of detached proglottid; I. Scolopate spinitriches on
proglottid proper; J. Papilliform filitriches on posterior dorso-ventral processes of proglottid; K. Capilliform filitriches on base of cirrus

Immature proglottids 226–595 (373 ± 117; 17) in
number, wider than long (Fig. 4H), becoming longer
with maturity; posterior-most immature proglottid
167–372 (277 ± 63; 17) long including processes,
89–219 (139 ± 31; 17) long excluding processes.
Mature proglottids 9–68 (33 ± 15; 17) in number;
terminal proglottid mature, 525–1,085 (681 ± 131;
17) long including processes, 312–622 (431 ± 90;
17) long excluding processes; processes of subterminal proglottid overlapping c.50% of proglottid proper
of terminal proglottid. Detached proglottids gravid,
697–1,138 (889 ± 44; 10) long by 312–548 (417 ±
31; 10) wide. Testes 10–15 (13 ± 1; 16, 47) in
number, 20–47 (33 ± 7; 16, 48) long by 41–85

(57 ± 8; 16, 48) wide, in multiple columns (Fig. 2C)
which are multiple layers deep in cross-section
(Fig. 4D), extend from anterior margin of proglottid
to near anterior margin of vitelline follicles, degenerate in mature proglottids (Figs. 2D, 4I). Vas
deferens expanded to form external seminal vesicle;
external seminal vesicle sigmoid, extends from
region posterior to Mehlis’ gland anteriorly to enter
distal margin of cirrus-sac. Internal seminal vesicle
absent. Cirrus-sac spherical, 133–175 (149 ± 14; 17)
long by 136–193 (155 ± 14; 17) wide, contains
coiled cirrus. Cirrus unarmed. Ovary a single mass in
lateral view, 44–78 (61 ± 11; 17) long by 118–234
(187 ± 34; 17) wide in terminal proglottid, U-shaped
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in cross-section (Fig. 4F). Vagina curved, extends
along mid-line of proglottid from oötype to genital
atrium, enters genital atrium posterior to cirrus-sac.
Genital pores lateral (Fig. 3F, 4E), irregularly

100 µm

J

500 µm

alternating, 39–51% (44 ± 4; 17) of proglottid length
from anterior end of proglottid. Uterus saccate,
spherical, extends from anterior ovarian margin to
near anterior margin of cirrus-sac, often displaced
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bFig. 4 Light micrographs of Hexacanalis spp. A–C. H.

abruptus (Southwell, 1911) Perrenoud, 1931: A. Cross-section
through mature proglottid at anterior proglottid margin (BMNH
No. 2011.2.1.16, paralectotype); asterisks indicate position of
excretory vessels; B. Cross-section through mature proglottid at
level of genital pore (BMNH No. 2011.2.1.16, paralectotype);
C. Cross-section through mature proglottid at level of ovarian
bridge (BMNH No. 2011.2.1.16, paralectotype). D–J. H. folifer
n. sp.: D. Cross-section through mature proglottid anterior to
cirrus-sac; asterisks indicate position of excretory vessels;
E. Cross-section through mature proglottid at level of genital
pore; F. Cross-section through mature proglottid at level of
ovarian bridge; G. Eggs; H. Mature proglottids, lateral view; I.
Terminal and subterminal proglottid, lateral view; J. Histological section through scolex attached in situ illustrating severe
pathological change at site of attachment; arrow indicates
boundary between apical modification of scolex proper and
apical organ. Abbreviations: CS, cirrus-sac; GP, genital pore;
LM, longitudinal muscle; O, ovary; T, testis; U, uterus; V,
vitelline follicles; VA, vagina; VD, vas deferens

into posterior dorso-ventral processes; uterine duct
enters uterus anteriorly. Vitellarium follicular; vitelline follicles 28–58 (39 ± 6; 17, 51) long by 38–85
(54 ± 10; 17, 51) wide in terminal proglottid, in 2
lateral fields (Fig. 2C, D), extend from genital pore to
overlap anterior margins of ovary; post-ovarian
vitelline follicles absent. Eggs arranged in solid mass
in uterus in detached proglottids; individual eggs
elliptoid (Fig. 4G), 19–29 (24 ± 4; 5; 35) long by
21–35 (28 ± 4; 5, 35) wide. Excretory vessels 6, with
3 along each lateral margin of proglottid (Fig. 4D).
Remarks
Due to the unusual nature of this worm (i.e. with
craspedote proglottids that are almost circular in
cross-section [see Fig. 4D–F] and bear prominent
posterior dorso-ventral processes in the form of
lappets, preventing specimens from being mounted
in dorso-ventral view), width measurements are
problematical. To gauge the overall size of the
worms, a maximum width of the strobila was
presented, but, in order to avoid confusion with
comparisons with other species, width measurements
of the proglottids have been omitted; only length
measurements were given. Furthermore, shape and
measurements of internal organs were presented as
seen in lateral view rather than the traditional dorsoventral view. As a result, the width measurements of
features of H. folifer n. sp. presented here are not
comparable with width measurements of features for
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other species and have thus not been used to
distinguish H. folifer n. sp. from its congeners.
This new species is a member of Hexacanalis
based on the presence of six excretory vessels (i.e.
three pairs), a U-shaped ovary in cross-section, a
scolex with a muscular, non-glandular apical organ
that may or may not be invaginable, craspedote
proglottids and vitelline follicles arranged in lateral
fields. Given that the presence of six excretory
vessels has only been confirmed in H. abruptus, the
taxonomic position of the remaining seven species of
Hexacanalis is highly suspect and requires confirmation. In addition, the original descriptions of the
seven other species of Hexacanalis are incomplete
and do not allow for an accurate identification of
these species with regards to other features. Based on
their cursory original descriptions and lack of
type-material, we agree with Jensen’s (2005) assessment that the following species be considered
species inquirendae: Hexacanalis govindi, H. thapari,
H. indirajii, H. smythii, H. sasoonensis, H. yamagutii
and H. zugei. Regardless, H. folifer n. sp. is easily
distinguished from H. abruptus and the seven species
of Hexacanalis considered as species inquirendae
based on its possession of proglottids with prominent
posterior dorso-ventral processes in the form of
lappets. None of the other species have been
described as possessing these dorso-ventral processes, and only H. abruptus and possibly H. yamagutii, based on Shinde & Deshmukh’s (1979)
illustration, have craspedote proglottids. H. folifer
n. sp. is similar to H. abruptus in scolex shape,
proglottid anatomy and in the shared presence of six
excretory vessels. It, however, also differs from H.
abruptus in having smaller suckers (91–137 vs
159–294 lm) and a shorter ovary (44–78 vs
83–157 lm).

Hexacanalis pteroplateae (Zaidi & Khan, 1976)
n. comb
In 1976, Zaidi & Khan described Cephalobothrium
pteroplateae Zaidi & Khan, 1976 from the butterfly
ray Gymnura micrura (as Pteroplatea micrura) in the
Arabian Sea off Pakistan. They did not indicate
the deposition of type-specimens in a publicly
accessible museum collection. Given the detail
presented in the description and the accompanying
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illustrations, C. pteroplateae is morphologically similar to H. abruptus and H. folifer. Whereas the
number of excretory vessels is not mentioned,
ovarian shape, the position of the vitelline follicles
restricted to lateral fields, the anterior distribution of
the testes and the craspedote nature of the proglottids
strongly suggest that C. pteroplateae is a member of
Hexacanalis, and this species is transferred to Hexacanalis herein as H. pteroplateae n. comb. Unlike
most of the species of Hexacanalis designated as
species inquirendae, H. pteroplateae exhibits craspedote proglottids. Despite their possession of craspedote proglottids, H. pteroplateae and H. yamagutii
are easily distinguished based on total length (74–75
vs 50–55 mm, respectively) and testicular number
(7–16 vs 40–45, respectively). Furthermore, H. pteroplateae can be distinguished from H. folifer in that the
former lacks proglottids with prominent posterior
dorso-ventral processes, has a greater total length
(74–75 vs 14–46 mm), larger suckers (167–169 vs
91–137 lm) and a longer ovary (128–158 vs
44–78 lm). H. pteroplateae is most similar to
H. abruptus, but possesses a shorter scolex (758–764
vs 901–1,613 lm) and vitelline follicles that are
restricted to the region posterior to the genital pore
rather than extending to the region anterior to genital
pore.

Discussion
The taxonomic status of Hexacanalis has been
problematical for decades. Its association with Cephalobothrium stems from the fact that its type-species,
H. abruptus, was originally placed in the latter genus;
Hexacanalis and Cephalobothrium have been confused ever since. In the past, most authors (e.g.
Fuhrmann, 1931; Zaidi & Khan, 1976; Campbell &
Williams, 1984; Rego, 1985; Butler, 1987a; Euzet,
1994) have not recognised Hexacanalis as valid.
Zaidi & Khan (1976) suppressed Hexacanalis in
favour of Cephalobothrium. Campbell & Williams
(1984) suggested that the presence of six excretory
vessels and a non-glandular scolex did not justify the
erection of a new genus, especially since the available
information on the internal anatomy of its closest ally
Cephalobothrium, was minimal; they considered
Hexacanalis a junior synonym of Cephalobothrium,
as did Butler (1987a). Euzet (1994) considered
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Cephalobothrium to be a genus inquirendum and
synonymised Hexacanalis with Lecanicephalum.
Based on scolex and proglottid features of Lecanicephalum, Jensen (2005) rejected this synonymy and
considered both Cephalobothrium and Hexacanalis
to be genera inquirenda until material of one or,
ideally, both could be studied in detail.
The present work provides some evidence to
support the distinction between Hexacanalis and
Cephalobothrium, but issues remain. Despite the fact
that Shipley & Hornell’s (1906) original diagnosis of
Cephalobothrium and description of the type-species,
C. aetobatidis Shipley & Hornell, 1906, provide little
detail on the internal anatomy of this taxon, this
genus is herein considered to be distinct from
Hexacanalis for the following reasons. Whereas
Hexacanalis possesses an apical organ in the form
of a muscular layer that can be protruded or retracted
to resemble an apical sucker (see Southwell, 1911;
Perrenoud, 1931), C. aetobatidis was described as
possessing an apical organ in the form of a large
terminal sucker, with no indication that this apical
organ can be protruded. Additional, more compelling
evidence to support the distinction between these two
genera comes from new collections. The type-host of
C. aetobatidis is the spotted eagle ray Aetobatus
narinari (Euphrasen) collected from off Sri Lanka
(Shipley & Hornell, 1906). A. narinari has since been
shown to represent a complex of species (see White
et al., 2010), consisting of at least three distinct taxa:
A.laticeps (Gill), A. narinari and A. ocellatus (Kuhl).
Lecanicephalideans have not been reported from
A. laticeps, but two and 14 species, respectively, have
been reported from A. narinari and A. ocellatus (see
White et al., 2010). Over the past 15 years, we have
examined the lecanicephalidean fauna of spotted
eagle rays from disparate localities of the globe (11
A. narinari from off Florida and Puerto Rico; 20
A. ocellatus from waters off Australia, Borneo and
Vietnam). Although some worms that resemble the
type-species of Cephalobothrium, C. aetobatidis,
were found, none of these have six excretory vessels.
These data support the recognition of Hexacanalis as
a valid genus distinct from Cephalobothrium, at least
until material identified as C. aetobatidis is collected
anew and can be redescribed.
Based on the data generated here, Perrenoud’s
(1931) diagnosis of Hexacanalis can now be revised.
Loosely translated, Perrenoud’s (1931; p. 549)
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diagnosis was as follows: ‘‘A member of the
Cephalobothriidae having a scolex with a protractile
non-glandular apical sucker; the scolex examined in
cross-section is quadrangular. Segments are mostly
much wider than long. A genital atrium is absent. The
vagina does not cross [the male ducts]. The excretory
system consists of 6 main trunks, heavily branched
and anastomosing’’. We herein propose the following
revised diagnosis.

Hexacanalis Perrenoud, 1931
Diagnosis
Order Lecanicephalidea. Worms euapolytic. Scolex
consisting of scolex proper with 4 acetabula, apical
modification of scolex proper and apical organ.
Acetabula in form of suckers; apical organ in form
of muscular layer, invaginable, non-glandular. Proglottids craspedote, dorso-ventral processes present or
absent. Testes in medial anterior region of proglottid.
Vas deferens expanded to form external seminal
vesicle. Internal seminal vesicle absent. Cirrus-sac
pyriform. Cirral spinitriches absent. Ovary bilobed in
dorso-ventral view, U-shaped in cross-section. Vagina
straight or curved, medial in proglottid, opens into
genital atrium posterior to cirrus-sac. Genital pores
lateral, irregularly alternating. Uterus saccate, occupying anterior region of proglottid. Vitellarium
follicular; vitelline follicles in 2 lateral fields, anterior
to and overlapping ovary. Excretory vessels 6, with 3
on each lateral margin of proglottid. Eggs single, in
fibrous matrix. Parasites of rays (Rajiformes).
Type-species: Hexacanalis abruptus (Southwell,
1911) Perrenoud, 1931 [syns Cephalobothrium
abruptum Southwell, 1911; Lecanicephalum abruptum (Southwell, 1911) Fuhrmann, 1931].
Additional species: Hexacanalis folifer n. sp.;
H. pteroplateae (Zaidi & Khan, 1976) n. comb.
Species inquirendae and incertae sedis: Hexacanalis
govindi Wankhede, 2003; H. indirajii Murlidahar,
1986; H. sasoonensis Srivastava & Capoor, 1980;
H. smythii Murlidhar, Shinde & Jadhav, 1986;
H. thapari Shinde, Jadhav & Jadhav, 1991; H.
yamagutii Shinde & Deshmukh, 1979; H. zugei
Shinde & Deshmukh, 1979.
Nomen nudum: Hexacanalis sephanensis [name used
in Mohekar et al. (2002)].
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Several issues regarding the membership of
Hexacanalis remain unresolved. At present, the genus
should be considered to include only three valid
species, H. abruptus, H. folifer and H. pteroplateae,
all three of which parasitise members of the Gymnuridae (butterfly rays). Reports of H. abruptus from
Neotrygon kuhlii (Müller & Henle) [as Dasybatus
kuhli (Müller & Henle)] (see Southwell, 1930) need
to be confirmed. The other seven species previously
placed in Hexacanalis should remain as species
inquirendae due to their inadequate descriptions (see
Wankhede, 2003; Shinde, Jadhav & Jadhav, 1991;
Murlidhar, 1986; Murlidhar, Shinde & Jadhav, 1986;
Srivastava & Capoor, 1980; Shinde & Deshmukh,
1979) (see Jensen, 2005). Their placement in Hexacanalis is doubtful, but the number of excretory
vessels should be determined for these species for a
positive determination. Only for one of these species,
H. sasoonensis, can we speculate about the number of
excretory vessels present; Srivastava & Capoor
(1980) illustrated two excretory vessels, one on each
lateral margin. Verification of this feature would
make inclusion in Hexacanalis unjustified. The
excretory system was not mentioned in any of the
other species descriptions. Also described from
Gymnura was Cephalobothrium gymnurae Zaidi &
Khan, 1976, a species overall consistent in morphology with the revised diagnosis of Hexacanalis (see
Zaidi & Khan, 1976). Because of the lack of detail
presented in the original description and unknown
whereabouts of the type-specimens, at this time, the
generic placement of this species in Hexacanalis
cannot be supported. Additional specimens are
needed to confirm or deny the presence of six
excretory vessels. Finally, additional investigations
are needed in relation to the specimens found among
the original syntype series of H. abruptus and
identified herein as being distinct from H. abruptus,
but which are clearly members of Hexacanalis. These
specimens resemble H. folifer in their possession of
proglottids with prominent posterior dorso-ventral
processes in the form of lappets; however, the
condition of the specimens did not permit a definitive
identification as conspecific with H. folifer or as a
new species. Thus, additional members of this genus
are likely.
The morphology of Hexacanalis species is unusual
in a number of respects. As noted above, its species
are unique among the Lecanicephalidea in their
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possession of six excretory vessels and an ovary that
is U-shaped in cross-section. Elasmobranch cestodes
typically exhibit the ‘simplest’ condition consisting
of two dorsal and two ventral excretory vessels (see,
e.g., Fuhrmann, 1931; Hyman, 1951; Yamaguti,
1959; Coil, 1991). In such cases, the narrower pair
is traditionally considered to be dorsal in position and
the wider pair as ventral (see, e.g., Fuhrmann, 1931;
Joyeux & Baer, 1936; Hyman, 1951). In specimens of
Hexacanalis, however, a wider pair of excretory
vessels is flanked both dorsally and ventrally by pairs
of narrower excretory vessels (Fig. 4A, D). As a
consequence, traditional criteria cannot be used to
distinguish the dorsal and ventral sides of the strobila.
Similarly, the presence of an ovary that is U-shaped
in cross-section is a condition not previously seen in
the Lecanicephalidea. To date, lecanicephalidean
genera have been described as having ovaries in
cross-section that are tetralobed (Aberrapex Jensen,
2001, Anteropora Subhapradha, 1955 and Polypocephalus Braun, 1878), irregular (Anteropora,
Corrugatocephalum Caira, Jensen & Yamane, 1997,
Healyum Jensen, 2001 and Sesquipedalapex Jensen,
Nikolov & Caira, 2011), bilobed (Eniochobothrium
Shipley & Hornell, 1906, Hornellobothrium Shipley
& Hornell, 1906, Lecanicephalum Linton, 1890,
Paraberrapex Jensen, 2001 and Tylocephalum Linton, 1890), trilobed (Quadcuspibothrium Jensen,
2001) and ring-shaped (Tetragonocephalum Shipley
& Hornell, 1905) (see Jensen, 2005; Jensen et al.,
2011). The presence of crapedote proglottids with
prominent posterior dorso-ventral processes in the
form of lappets in Hexacanalis folifer is also unique
among elasmobranch cestodes, and, to our knowledge, cestodes in general. These processes appear to
be very different in nature from the lobed velum of
laciniate proglottids seen in other elasmobranch
tapeworm taxa. The laciniations of most taxa consist
of four lobes, that is, two dorsal and two ventral lobes
(e.g. Anthobothrium van Beneden, 1850, Crossobothrium Linton, 1889, Litobothrium Dailey, 1969 and
Aberrapex Jensen, 2001) (see Williams et al., 2004;
Ivanov, 2009; Ruhnke, 1996; Olson & Caira, 2001;
Jensen, 2001). In a few cases, greater than four lobes
(six or eight total, i.e. three or four dorsal and three or
four ventral lobes, respectively) are present (e.g.
Calliobothrium australis Ivanov & Brooks, 2002 and
Trigonolobium spinuliferum (Southwell, 1911)
Dollfus, 1929) (see Ivanov & Brooks, 2002;
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Campbell & Beveridge, 1994). The posterior processes of H. folifer are unusual in that there are only
two, one positioned dorsally and one ventrally, and in
that they are large. This proglottid condition is similar
to that seen in cyclophyllideans that possess craspedote proglottids with processes (e.g. some amabiliids;
see Vasileva et al., 2003a, b). However in these
amabiliids, the processes are lateral rather than
dorso-ventral.
Recently, Jensen et al. (2011) reported a significant host response at the site of attachment of the
lecanicephalidean Sesquipedalapex comicus Jensen,
Nikolov & Caira, 2011 in the spiral intestine of its
host. Although a histological characterisation of this
pathological change was not presented, this response
was visible as a papilliform expansion of the outer
wall of the spiral intestine at the site of attachment.
Whereas the mode of attachment of H. folifer to the
intestinal mucosa of its host was not investigated in
detail here, histological sections through the scolex in
situ revealed severe pathological change at the site of
attachment (Fig. 4J).
Given the affinities of Hexacanalis species for
butterfly rays and the small number of species of the
Gymnuridae examined to date, there would appear to
be potential for additional, undescribed diversity. The
Gymnuridae (butterfly rays) is a relatively nonspeciose family of rays consisting of 12–14 species
(Compagno, 2005; Froese & Pauly, 2010). There is
some controversy regarding whether the family
includes one (Gymnura) or two genera (Gymnura
and Aetoplatea Valenciennes in Müller & Henle)
(e.g. González-Isáis & Domı́nguez, 2004; Smith
et al., 2009), but increasing molecular and morphological evidence supports Aetoplatea as a synonym of
Gymnura (Smith et al., 2009; Jacobsen & Bennett,
2009). Following Last et al. (2010), the single genus
Gymnura is recognised herein. Cestodes have been
reported from only seven of the 13 species of
Gymnura recognised by Compagno (2005), including
G. crebripunctata (see Smith et al., 2009) (Table 1).
The majority of tapeworm records come from G.
altevela and G. micrura. In total, records exist of only
six lecanicephalidean species: three from G. micrura
(in some cases as Pteroplatea micrura) (see Southwell,
1911, 1930; Zaidi & Khan, 1976), one (H. folifer) from
G. zonura, one (Tylocephalum sp.) from G. australis
(see Butler, 1987b), and one (Cephalobothrium gymnurai) from an unidentified butterfly ray (see Zaidi &
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Table 1 Cestode species parasitising butterfly rays
Host

Cestode Order: Species; Stage; Locality

Source

Gymnura afuerae (Hildebrand)
Tetraphyllidea: Acanthobothrium atahaulpai Marques, Brooks & Barriga, 1997; adult; Ecuador,
eastern Pacific Ocean

Marques et al. (1997)

Gymnura altevela (L.)
Tetraphyllidea: Anthobothrium altavelae Neifar, Euzet & Hassine, 2002; adult; Tunisia,
Mediterranean Sea

Neifar et al. (2002)

Trypanorhyncha: Pterobothrium heteracanthum Diesing, 1850; adult; unknown

Dollfus (1942)

Trypanorhyncha: Pterobothrium heteracanthum or P. acanthotruncatum Escalante & Carvajal,
1984; plerocercoid; unknown
Trypanorhyncha: Pterobothroides petterae Campbell & Beveridge, 1997; adult; Senegal, Atlantic
Ocean

Dollfus (1942)

Trypanorhyncha: Pterobothrium lintoni (MacCallum, 1916) Dollfus, 1942; adult; unknown

Dollfus (1942)

Campbell & Beveridge
(1997)

Gymnura australis (Ramsay & Ogilby)
Lecanicephalidea: Tylocephalum sp.; adult (proglottids); Queensland, Australia

Butler (1987b)

Tetraphyllidea: Acanthobothrium cribbi Campbell & Beveridge, 2002; adult; Australia, Gulf of
Carpentaria

Campbell & Beveridge
(2002)

Trypanorhyncha: Parotobothrium balli (Southwell, 1929) Palm, 2004; plerocercus; Indonesia,
Indian Ocean

Palm (2004)

Trypanorhyncha: Nybelinia sp.; plerocercoid; Indonesia, Indian Ocean

Palm (2004)

Gymnura bimaculata (Norman) (no records)
Gymnura crebripunctata (Peters) (no records)
Gymnura hirundo (Lowe) (no records)
Gymnura japonica (Temminck & Schlegel)
Tetraphyllidea: Anthobothrium pteroplateae Yamaguti, 1952; adult; Japan, Pacific Ocean

Yamaguti (1952)*

Gymnura marmorata (Cooper)
Tetraphyllidea: Acanthobothrium parviuncinatum Young, 1954; adult; California, eastern Pacific
Ocean

Young (1954)

Gymnura micrura (Bloch & Schneider)
Lecanicephalidea: Cephalobothrium aetobatidis Shipley & Hornell, 1906; adult; Sri Lanka,
Indian Ocean

Southwell (1930)*

Lecanicephalidea: Hexacanalis abruptus (Southwell, 1911) Perrenoud, 1931; adult; Sri Lanka,
Indian Ocean

Southwell (1911)

Lecanicephalidea: Hexacanalis pteroplateae (Zaidi & Khan, 1976) n. comb.; adult; Pakistan,
Indian Ocean

Zaidi & Khan (1976)*

Tetraphyllidea: Acanthobothrium fogeli Goldstein, 1964; adult; USA, Gulf of Mexico

Goldstein (1964)

Tetraphyllidea: Acanthobothrium giganticum Sarada, Lakshmi & Hanumantharao, 1993; adult;
India, Bay of Bengal

Sarada et al. (1993)

Tetraphyllidea: Acanthobothrium micracantha Yamaguti, 1952; adult; Japan

Yamaguti (1959)*

Tetraphyllidea: Acanthobothrium paulum Linton, 1890; adult; North Carolina, western
Atlantic Ocean

Linton (1905)à

Tetraphyllidea: Acanthobothrium somnathii (Deshmukh, 1979) Jensen & Caira, 2008; adult;
India, Arabian Sea

Deshmukh (1979)*

Trypanorhyncha: Pterobothrium lesteri Campbell & Beveridge, 1996; adult; Sri Lanka,
Indian Ocean

Campbell & Beveridge
(1996)

Trypanorhyncha: Pterobothrium southwelli Campbell & Beveridge, 1996; adult; Sri Lanka,
Indian Ocean

Campbell & Beveridge
(1996)

Trypanorhyncha: Halysiorhynchus macrocephalus (Shipley & Hornell, 1906)
Campbell & Beveridge, 1992; adult; Pakistan, Indian Ocean

Zaidi & Khan (1976)*
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Table 1 continued
Host

Cestode Order: Species; Stage; Locality

Source

Trypanorhyncha: Pterobothrium lintoni (MacCallum, 1916) Dollfus, 1942; adult;
Burma, Indian Ocean

Kyaw-Myint (1968)

Trypanorhyncha: Pterobothrium sp.; plerocercus; India, Indian Ocean

Anantaraman (1963)

Gymnura natalensis (Gilchrist & Thompson) (no records)
Gymnura poecilura (Shaw) (no records)
Gymnura sp.
Lecanicephalidea: Cephalobothrium gymnurae Zaidi & Khan, 1976; adult;
Pakistan, Indian Ocean

Zaidi & Khan (1976)

Trypanorhyncha: Pterobothrium sp.; adult; Brazil, western Atlantic ocean

Palm (2004)

Gymnura tentaculata (Müller & Henle) (no records)
Gymnura zonura (Bleeker)
Lecanicephalidea: Hexacanalis folifer n. sp.; adult; Borneo, western Pacific Ocean

This study

* Host genus reported as Pteroplatea
Unconfirmed record according to Palm (2004)
à

Host species given as Pteroplatea macrura [sic]

Khan, 1976). However, records from G. micrura are
somewhat problematical, because there is much
discrepancy in the literature as to the distribution of
this host. Some authors (e.g. McEachran & de
Carvalho, 2002) consider it to inhabit the Atlantic
Ocean and Gulf of Mexico; in which case, conspecificity with morphologically similar specimens from
the Indo-West Pacific is questionable (Compagno &
Last, 1999; Froese & Pauly, 2010). As a result,
Compagno & Last (1999) referred to specimens from
the Indo-West Pacific as G. cf. micrura. Given the
attention to detail necessary to correctly identify
Gymnura species (see Smith et al., 2009), past host
identifications might need to be revised, with special
focus on those of the 12 cestode species reported from
G. micrura. Given existing records for Hexacanalis,
additional species of Hexacanalis might be expected
in, at least, some of the other 11 species of the
Gymnuridae that remain to be examined for
lecanicephalideans.
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CHAPTER 2.4
STOIBOCEPHALUM N. GEN. (CESTODA: LECANICEPHALIDEA) FROM THE
SHARKRAY, RHINA ANCYLOSTOMA BLOCH & SCHNEIDER (ELASMOBRANCHII:
RHINOPRISTIFORMES), FROM NORTHERN AUSTRALIA*

*Previously published in Zootaxa (2013) 3626: 558–568 with co-author K. Jensen. Reproduced
with permission from Magnolia Press, publisher of Zootaxa.
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CHAPTER 2.5
A NEW GENUS OF LECANICEPHALIDEAN TAPEWORM (CESTODA)
FROM SAWFISHES (PRISTIDAE) AND GUITARFISHES (RHINOBATIDAE)
IN THE INDO-WEST PACIFIC
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ABSTRACT
Floriparicapitus n. gen. (Cestoda: Lecanicephalidea) is erected to house three new
species and two previously described species of lecanicephalidean tapeworms parasitizing
sawfish and guitarfish from the Indo-West Pacific. Floriparicapitus n. gen. is distinct among all
other recognized lecanicephalidean genera in its combined possession of a large scolex with
apical organ in the form of a rugose sheet, the possession of an armed cirrus, and the presence of
three pairs of excretory vessels. Floriparicapitus juliani n. sp., the type species of the new genus,
has the largest scolex and a cirrus sac that is angled anteriorly and panduriform in shape.
Floriparicapitus euzeti n. sp. differs from the type species in having a smaller pyriform cirrus sac
and from Floriparicapitus chordacistus n. sp. in having testes in two columns rather than a
single column. Floriparicapitus chordacistus n. sp. has only four testes, different from all other
species of Floriparicapitus which parasitize sawfish, as they have 9–14 testes, and the only other
species of Floriparicapitus from a guitarfish which has 5 testes. Cephalobothrium variabile
Southwell, 1911 and Cephalobothrium rhinobatidis Subhapradha, 1955, are considered members
of the new genus and are transferred to Floriparicapitus n. gen. herein. All recognized members
of Floriparicapitus n. gen. parasitize sawfish (Pristidae) and guitarfish (Rhinobatidae), both
members of the Rhinopristiformes. Floriparicapitus n. gen. is the third lecanicephalidean genus
with three pairs of excretory vessels.

INTRODUCTION
Much recent collecting effort has focused on the documentation of elasmobranch cestode
diversity in waters surrounding Australia and Borneo. These collections have resulted in the
discovery of several species of lecanicephalidean cestodes exhibiting the characteristic scolex
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and strobila morphology similar to that of Cephalobothrium variabile Southwell, 1911: an
unusually wide scolex with relatively small suckers and a long thin strobila. Cestodes with this
morphology were found parasitizing multiple species of sawfish (Pristidae) and guitarfish
(Rhinobatidae) (Elasmobranchii: Rhinopristiformes) across the Indo-West Pacific.
Cephalobothrium variabile was described from the knifetooth sawfish, Anoxypristis
cuspidata (Latham) (as Pristis cuspidata), from Pearl Bay in Ceylon (current day Sri Lanka)
(Southwell 1911). Southwell (1911) thought this to be a curious cestode that had a form
exhibiting “… remarkable variability, hence the specific name” (pg. 221 in Southwell 1911) and
he illustrated the variable nature of this worm. The only known type material (consisting of 18 of
the 47 syntypes from the original type series) of C. variable was available to study. Following
the data presented for the revision of Cephalobothrium Shipley & Hornell, 1906 based on the
redescription of C. aetobatidis Shipley & Hornell, 1906 (see Chap. 2.1), C. variabile is
inconsistent with the revised concept of the genus. The scolex of Cephalobothrium is circular in
shape and has an internal apical organ which is largely glandular. In contrast, the scolex of C.
variabile is laterally expanded and possesses a large apical organ in the form of a rugose sheet
giving it a frilled appearance. The discrepancy between scolex morphology of C. variabile and
Cephalobothrium revised herein supports the erection of a new genus to house C. variabile.
Comparisons of specimens of the type series of C. variabile along with additional specimens
identifiable as C. variabile as a result of new collections from Anoxypristis cuspidata with
specimens of cestodes parasitizing three additional sawfish and two guitarfish species suggested
the presence of novel species of the “C. variabile”-type in these hosts.
Herein a new genus, Floriparicapitus n. gen. is erected to house three new species as well
as, C. variabile and Cephalobothrium rhinobatidis Subhapradha, 1955 which are transferred to
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the genus. Floriparicapitus variabile (Southwell, 1911) n. comb. is redescribed using type
material and additional voucher material collected from the type host, Anoxypristis cuspidata off
Australia.

MATERIALS AND METHODS
In total, 19 host individuals (10 sawfishes and 9 guitarfishes) were collected and
necropsied. Details regarding each host individual are listed in Table I including host species,
collection localities, and unique identification numbers. Images and additional information
regarding each host specimen (e.g., sex, size) may be found using the unique identification
number (e.g., AU-136, BO-157) in the host database associated with the Global Cestode
Database at http://elasmobranchs.tapewormdb.uconn.edu. Spiral intestines were removed from
host specimens and opened with a longitudinal incision. Each spiral intestine was fixed in 10%
formalin buffered with seawater and subsequently transferred to 70% ethanol for storage. In the
laboratory, spiral intestines were examined for tapeworms using a dissecting microscope.
Tapeworms found attached to the spiral intestine were removed and cleaned of host tissue.
Specimens were prepared for examination by light microscopy according to the following
protocol. Whole mounts were hydrated in a graded series of ethanols, stained with Delafield’s
haematoxylin, dehydrated in a graded series of ethanols, cleared in methyl salicylate, and
mounted in Canada balsam on glass-slides under cover-slips. Most histological (longitudinal and
cross) sections were prepared as follows: specimens were dehydrated in a graded series of
ethanols, cleared with xylene, and embedded in paraffin according to standard techniques. Serial
sections of proglottids and scoleces were cut at a thickness of 7 m on a TBS CUT 4060
Microtome. Sections were floated on glass slides using 3% sodium silicate; slides were air-dried,
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deparaffinized in xylene, hydrated in a graded series of ethanols, stained with Delafield’s
haematoxylin, counterstained with eosin, dehydrated in a graded ethanol series, cleared in
xylene, and mounted in Canada balsam. Additional specimens for histology were embedded in
Technovit H7100 Glycol Methacrylate (GMA) and processed according to manufacturer’s
directions for embedding soft tissues (available at www.emsdiasum.com) with the following
modifications: dehydration for 30 minutes each in 70%, 95%, and 100% ethanol, final
dehydration for 1 hour in 100% ethanol, infiltration for 2 hours at 4°C in a 50:50 solution of
100% ethanol and Infiltration Solution, and infiltration overnight at 4°C in Infiltration Solution.
Specimens were subsequently embedded in polymerized GMA in plastic block holders. Blocks
were cut with glass knives on the above mentioned microtome at a thickness of 4 m. Sections
were floated on ca. 10 l drops of de-ionized water on Superfrost (Fisherbrand) microscope
slides on a slide warmer (40oC). Slides were stained with Delafield’s haematoxylin,
counterstained with eosin, rinsed with 95% ethanol, air-dried, and mounted in Canada balsam.
Specimens prepared as whole mounts and histological sections were examined with a Zeiss
Axioskop 2 Plus compound microscope. Scoleces prepared for scanning electron microscopy
(SEM) were prepared according to the technique described in Chap. 2.1. Specimens were
examined with a Zeiss LEO 1550 field emission scanning electron microscope.
Line drawings were made using a drawing tube attached to the above mentioned
compound microscope. Measurements of reproductive organs were taken from mature
proglottids unless otherwise specified. Measurements are reported in micrometers (m) with the
exception of total length which is reported in millimeters (mm). Ranges appear in the text while
mean, standard deviation, number of worms examined, and total number of measurements if
more than one measurement was taken per worm are presented in Table II. Measurements from

107

the original description of C. variabile by Southwell (1911) are presented in the text in brackets
in bold. Microthrix terminology follows Chervy (2009). Museum abbreviations used are as
follows: LRP, Lawrence R. Penner Collection, Department of Ecology and Evolutionary
Biology, University of Connecticut, Storrs, Connecticut; MZUM(P), Muzium Zoologi, Universiti
Malaya, Kuala Lumpur, Malaysia; QM, Queensland Museum, Brisbane, Australia; SBC,
Sarawak Biodiversity Center, Kuching, Sarawak, Malaysia; USNPC, U.S. National Parasite
Collection, Beltsville, Maryland. Host specimen identification follows Naylor et al. (2012a) and
classification follows Naylor et al. (2012b).

DESCRIPTION
Floriparicapitus n. gen.
Diagnosis: Worms euapolytic. Scolex bearing four acetabula, apical modification of scolex
proper, and apical organ. Acetabula in form of suckers. Apical modification forming aperture,
housing apical organ. Apical organ usually highly folded, appearing rugose, in form of a sheet
when fully everted, completely retractable into apical modification of scolex proper, muscular
and glandular. Cephalic peduncle absent. Proglottids craspedote. Longitudinal muscle bundles
distinct, surrounding internal organs. Testes medial in proglottid, loosely arranged in one or two
columns, anterior to ovary, usually degenerated in posterior mature proglottids. Vas deferens
sinuous, extensive, extending from ootype region to anterior margin of cirrus sac, may form
external seminal vesicle. Internal seminal vesicle absent. Cirrus sac pyriform to panduriform.
Cirrus conspicuously armed with spinitriches. Ovary essentially bilobed in dorso-ventral view,
tetralobed in cross-section; ovarian margins smooth. Vagina sinuous, expanded in some species,
extending along proglottid midline from ootype region to genital atrium, opening into genital
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atrium posterior to, at the level of, or anterior to cirrus sac. Genital pores lateral, irregularly
alternating. Vitellarium follicular; follicles arranged in multiple columns on each lateral margin
of proglottid, extending from near anterior margin of proglottid to posterior margin of proglottid,
sometimes interrupted by ovary. Excretory ducts in three pairs; central pair passing through
ovarian lobes. Uterus medial, saccate. Eggs not observed. Parasites of batoids in the families
Pristidae and Rhinobatidae (Elasmobranchii: Rhinopristiformes).
Taxonomic summary
Type species: Floriparicapitus juliani n. sp.
Additional species: Floriparicapitus euzeti n. sp., Floriparicapitus chordacistus n. sp.,
Floriparicapitus variabile (Southwell, 1911) n. comb., Floriparicapitus rhinobatidis
(Subhapradha, 1955) n. comb.
Etymology: Floriparus, L. (m.), flower bearing; caput, L., head. The generic name refers to the
shape of the apical organ resembling a flower.
Remarks
The new genus is identified as a member of the elasmobranch cestode order
Lecanicephalidea by possessing the following combination of features: a scolex consisting of 4
acetabula in the form of suckers, an apical organ, and a vas deferens originated at the ootype
region. The majority of lecanicephalideans has been described as possessing a vagina that enters
the genital atrium posterior to the level of the cirrus; the exceptions are Anteropora Subhapradha,
1955 and Hornellobothrium Shipley & Hornell, 1906. Members of Anteropora were described as
possessing a vagina that opens into the gential atrium at the same level as the cirrus sac (see
Jensen 2005). Members of Hornellobothrium possess a vagina that opens into the genital atrium
anterior to the cirrus sac (see Jensen 2005). Floriparicapitus n. gen. is the only elasmobranch
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tapeworm genus known to date with species in which the vagina opens posterior to, at the same
level as, and anterior to the cirrus sac (see remarks for F. variabile n. comb., Fig. 8B).
Floriparicapitus n. gen. differs from most lecanicephalidean genera by the form of its apical
organ. While the apical organ of Floriparicapitus n. gen. is in the form of a rugose sheet,
Aberrapex Jensen, 2001 and Paraberrapex Jensen, 2001, lack an apical organ altogether. The
expandable nature of the apical organ clearly distinguishes it from Eniochobothrium Shipley &
Hornell, 1906, Hornellobothrium Shipley & Hornell, 1906, Healyum Jensen, 2001, and
Quadcuspibothrium Jensen, 2001, each of which possess a small, conical, glandular, and internal
apical organ, and from Anteropora which has an apical organ in the form of a small muscular
apical pad. The rugose nature of the apical organ, is unlike the apical organ of Polypocephalus
Braun, 1878 which is divided into retractable tentacles and the apical organ of Rexapex Koch,
Jensen & Caira, 2012 which is in the form of an inverted cone with papilliform projections
around its perimeter. A fully retractable apical organ differentiates Floriparicapitus n. gen. from
Tylocephalum Linton, 1890 and Tetragonocephalum Shipley & Hornell, 1905 in which the apical
organ cannot be fully retracted into the scolex. Furthermore, Tylocephalum has an unarmed cirrus
and testes in multiple fields and Tetragonocephalum has acraspedote proglottids, an oval ovary
in dorso-ventral view, and a conspicuously constricted uterus, as opposed to an armed cirrus,
testes in one or two columns, craspedote proglottids, bilobed ovary in dorso-ventral view, and
unconstricted uterus in Floriparicapitus n. gen. Floriparicapitus n. gen. differs from
Corrugatocephalum Caira, Jensen, & Yamane, 1997 in that it lacks vertical corrugations on the
apical organ and possesses craspedote proglottids and a conspicuously armed cirrus, rather than
an apical organ with vertical corrugations, acraspedote proglottids, and an unarmed cirrus.
Collicocephalus Koch, Jensen, & Caira, 2012 has laciniate proglottids and lacks post-ovarian
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vitellaria while Floriparicapitus n. gen. has craspedote, but not laciniate proglottids and postovarian vitellaria. Floriparicapitus is easily distinguished from Sesquipedalapex Jensen,
Nikolov, & Caira, 2011 and Elicilacunosus Koch, Jensen & Caira, 2012 by having a short apical
organ, rather than an elongate apical organ. In addition, Sesquipedalapex is hyperapolytic while
the new genus is euapolytic and Elicilacunosus has musculo-glandular depressions along the
proglottid surfaces while the new genus lacks this modification to the proglottids. Scolex and
strobilar morphology of Floriparicapitus n. gen. is most similar to that of Lecanicephalum
Linton, 1890. While the strobilar morphology is strikingly similar among the two genera,
differences in scolex morphology do exist. Lecanicephalum possesses a distinctive circular
muscle bundle in the apical organ, presumably responsible for the degree of constriction of the
apical organ when invaginated. Floriparicapitus n. gen. lacks these specific muscle bundles of
the apical organ. The apical organ of Lecanicephalum is essentially a circular, muscular and
glandular sheet, whereas that of the new genus is not circular; rather it is expanded laterally with
a rugose surface that interdigitates into the villi of the host’s intestinal surface. The suckers of
Lecanicephalum are visible and open externally, whereas in Floriparicapitus n. gen. the suckers
are barely visible externally. Furthermore, the scolex of Floriparicapitus n. gen. is much larger
than the scolex of Lecanicephalum.
For completeness, Floriparicapitus n. gen. is also distinguished from the four additional
genera treated herein. Floriparicapitus n. gen. differs from Adelobothrium Shipley, 1900 and
Cephalobothrium Shipley & Hornell, 1906 in having post-ovarian vitellaria, a large armed cirrus,
and testes arranged in one or two columns. In Adelobothrium and Cephalobothrium the vitellaria
extend from the anterior margin of the proglottid to the anterior margin of the ovary, the cirrus is
small and unarmed, and the testes are dispersed throughout the middle of the proglottid.
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Floriparicapitus n. gen. is unusual among lecanicephalidean genera in possessing three pairs of
excretory vessels, as only one or two pairs have been reported for members of the above
mentioned genera. However this feature is shared with Hexacanalis Perrenoud, 1931 and
Stoibocephalum Cielocha (this study; see Chap. 2.4). The new genus differs from Hexacanalis
and Stoibocephalum by having an apical organ that when everted is in the form of a rugose sheet
and when retracted is highly folded internally. In contrast, the apical organs of Hexacanalis and
Stoibocephalum are in the form of thick muscular pads. Floriparicapitus n. gen. differs further
from Hexacanalis in possessing a tetralobed rather than a U-shaped ovary in cross-section and
from Stoibocephalum by being euapolytic and possessing testes arranged one or two columns,
rather than being apolytic and possessing testes in several columns and layers.

Floriparicapitus juliani n. sp.
(Figs. 1 A-B, 2)
Description (based on 14 specimens: 11 whole mounts of mature worms, 1 scolex
prepared for SEM, and 2 worms prepared for histological sectioning [1 scolex longitudinal
section series and mature proglottid cross-section series with strobila voucher, 1 cross-section
immature proglottid series and cross-section mature proglottid series with scolex and strobila
voucher]): Worms 18–46 mm long; euapolytic; maximum width of strobila 235–388, at 0–19
proglottids from terminal end; proglottids 75–149 in number, crapedote. Scolex consisting of
scolex proper with 4 acetabula, apical modification of scolex proper, and apical organ. Scolex
proper 263–420 long by 995–1,356 wide. Acetabula in form of suckers, 161–212 in diameter.
Apical modification of scolex proper forming aperture at apex of scolex. Apical organ
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expandable, forming rugose sheet, retractable, muscular and glandular, 255–290 long by 1,330–
1,653 wide. Scolex microtriches not observed.
Cephalic peduncle absent. Longitudinal muscle bundles surrounding internal organs
distinct, most visible in immature proglottids. Immature proglottids 50–96 in number, initially
much wider than long, becoming square to longer than wide with maturity; posterior-most
immature proglottid 188–322 long by 160–277 wide. Mature proglottids 23–68 in number; 690–
1,185 long by 211–388 wide; often with vacuous space between anterior margin of proglottid
and internal organs. Testes 10–14 in number, 22–61 long by 23–51 wide, extending from anterior
margin of proglottid to level of ovarian bridge, may be degenerated in terminal mature
proglottid(s), in a single layer, loosely arranged in a single column in dorso-ventral view; postovarian testes absent. Vas deferens extending medially from ootype region to anterior margin of
cirrus sac, enlarged posteriorly to form external seminal vesicle in mature proglottids in which
testes are degenerated. Internal seminal vesicle absent, duct with sperm present inside cirrus sac
(Fig. 2C). Cirrus sac pyriform to panduriform, angled anteriorly, 171–225 long by 110–142 wide,
containing coiled cirrus. Cirrus armed with spinitriches; with gland-like cells along periphery
(Fig. 2B). Ovary essentially bilobed in dorso-ventral view (Fig. 1C), consisting of multiple
irregular lobules on each lateral side, tetra-lobed in cross-section (Fig. 2E), 130–218 long by
152–225 wide; margins smooth; ovarian bridge at center of ovary. Mehlis’ gland posterior to
ovarian bridge. Vagina expanded (Fig. 2D), sinuous, extending medially from ootype region to
genital atrium, traversing from posterior margin of cirrus sac to open into genital atrium just
posterior to, at same level as (Fig. 2C), or anterior to cirrus (Fig. 1B). Genital pores lateral,
irregularly alternating, 39–51% of proglottid length from anterior margin of proglottid.
Vitellarium follicular; follicles arranged in 6 columns, 3 columns on each lateral margin of
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proglottid, extending from near anterior margin of proglottid (Figs. 1B, 2A) to posterior margin
of proglottid (Figs. 1B, 2F), interrupted by cirrus sac (Fig. 2C) on poral side and to some extent
by ovary (Fig. 2E), 32–76 long by 30–70 wide. Excretory ducts in three pairs (Fig. 2E), central
pair passing through ovarian lobes. Uterus saccate, extending medially in proglottid from level of
ovarian bridge to level of anterior-most vitelline follicles (Fig. 2A). Eggs not observed.
Taxonomic summary
Type host: Pristis microdon Latham, freshwater sawfish (Rhinopristiformes: Pristidae).
Additional hosts: None.
Type locality: Cairns (16° 55' S, 145° 46' E), Queensland, Australia, Pacific Ocean.
Additional localities: None.
Site of infection: Spiral intestine.
Prevalence: 1 of 1 host examined (100%).
Specimens deposited: Holotype (QM 00000; whole worm) and 5 paratypes (QM 00000-00000; 4
whole worms and 1 histological series of a longitudinally sectioned scolex and cross-sectioned
mature proglottids and their whole-mounted voucher); 4 paratypes (USNPC 00000-00000; 3
whole worms and 1 histological series of a longitudinally sectioned scolex, cross-sectioned
immature proglottids, and cross-sectioned mature proglottids and their whole-mounted voucher);
3 paratypes (LRP 00000-00000; whole worms) and 1 paratype; 1 scolex prepared for SEM and
its whole-mounted vouchers retained with KJ at the University of Kansas.
Etymology: This species is named in honor of Mr. Julian Baggio, of Cairns Marine, Australia, for
his collection efforts which included Pristis microdon, the type host specimen of this species,
from Cairns, Australia.
Remarks
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Whole-mounted specimens of this species were unusually clear and allowed for
unambiguous interpretation of internal anatomical structures. This species is distinctive among
species of Floriparicapitus because of its large scolex and acetabular size. The acetabula of F.
juliani n. sp. are 1.3–1.5 times larger than in any other species of Floriparicapitus and the overall
scolex width of F. juliani n. sp. is on average twice as wide (i.e., >1 mm). Interestingly, the
position of the vagina opening relative to the cirrus varied. While most commonly the vagina
enters the genital atrium just posterior to the cirrus other times it enters the genital atrium at the
same level as or even just anterior to the cirrus.

Floriparicapitus euzeti n. sp.
(Figs. 1C-E, 3A-F)
Description (based on 31 specimens: 28 whole mounts of mature worms, 1 scolex
prepared for SEM, and 2 worms prepared for histological sectioning [1 scolex longitudinal
section series and mature proglottid cross-section series with strobila voucher and 1 scolex
longitudinal section series with strobila voucher]): Worms 11–30 mm long; euapolytic;
maximum width of strobila 205–310, at 1–23 proglottids from terminal end; proglottids 130–227
in number, craspedote. Scolex consisting of scolex proper with 4 acetabula, apical modification
of scolex proper, and apical organ. Scolex proper 73–148 long by 474–743 wide. Acetabula in
form of suckers, 95–133 in diameter. Apical modification of scolex proper forming aperture at
apex of scolex. Apical organ expandable, forming rugose sheet, retractable, muscular and
glandular, 82–150 long by 584–1,504 wide.
Surface of scolex proper between suckers (Fig. 3D), surface of sucker, and scolex proper
surrounding sucker (Fig. 3E) covered with capilliform filitriches and scolopate spinitriches.
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Surface of apical modification of scolex proper (Fig. 3C) covered with acicular filitriches. Apical
organ surface (Fig. 3B) covered with papilliform filitriches. Strobilar surface (Fig. 3F) covered
with capilliform filitriches.
Cephalic peduncle absent. Longitudinal muscle bundles surrounding internal organs
discrete. Immature proglottids 100–267 in number, initially much wider than long, becoming
square to longer than wide with maturity; posterior-most immature proglottid 126–229 long by
122–264 wide. Mature proglottids 19–62 in number, 471–787 long by 182–286 wide; often with
vacuous space between anterior margin of proglottid and internal organs. Testes 9–14 in number,
21–54 long by 26–52 wide, extending from anterior margin of proglottid to level of ovarian
bridge; may be degenerated in terminal mature proglottid(s), 2 columns in dorso-ventral view, 1
row deep in cross-section; post-ovarian testes absent. Vas deferens extending medially from
ootype region to anterior margin of cirrus sac, with mature spermatozoa present in mature
proglottids in which testes may be degenerated. Internal seminal vesicle absent, duct with sperm
present inside cirrus sac. Cirrus sac pyriform, angled anteriorly, 102–169 long by 74–123 wide,
containing coiled cirrus. Cirrus armed with spinitriches; expanded near genital pore; with glandlike cells along periphery. Ovary essentially bilobed in dorso-ventral view, consisting of multiple
irregular lobules on each lateral side, tetra-lobed in cross-section, 100–181 long by 120–200
wide; margins smooth; ovarian bridge at center of ovary. Mehlis’ gland posterior to ovarian
bridge. Vagina expanded, sinuous, extending medially from ootype region to genital atrium,
opening into genital atrium posterior to cirrus sac. Genital pores lateral, irregularly alternating,
30–57 % of proglottid length from anterior margin of proglottid. Vitellarium follicular; follicles
arranged in 4 columns, 2 dorsal and 2 ventral, extending from near anterior margin of proglottid
to posterior margin of proglottid, interrupted by ovary; 17–59 long by 27–61 wide. Excretory
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ducts in 3 pairs, central pair passing through ovarian lobes. Uterus saccate, extending medially in
proglottid from level of ovarian bridge to level of anterior-most vitelline follicles. Eggs not
observed.
Taxonomic summary
Type host: Pristis clavata Garman, dwarf sawfish, (Rhinopristiformes: Pristidae).
Additional hosts: None.
Type locality: Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia
Timor Sea, Indian Ocean.
Additional localities: None.
Site of infection: Spiral intestine.
Prevalence: 4 of 4 hosts examined (100%).
Specimens deposited: Holotype (QM 00000; whole worm) and 13 paratypes (QM 00000-00000;
9 whole worms and 1 histological series of a longitudinally sectioned scolex and cross-sectioned
mature proglottid with strobila voucher), 8 paratypes (USNPC 00000-00000; 7 whole worms and
1 histological series of a longitudinally sectioned scolex and its strobila voucher), 8 paratypes
(LRP 00000-00000; whole worms), and 1 scolex prepared for SEM and its whole-mounted
voucher is retained with KJ at the University of Kansas.
Etymology: This species is named in honor of Professor Louis Euzet for providing the author
with the type series of Cephalobothrium variabile and for his contributions to the field of
elasmobranch cestode taxonomy, particularly those relating to the Lecanicephalidea.
Remarks
Floriparicapitus euzeti n. sp. differs from the type species, F. juliani, in having an overall
smaller scolex length (73–148 vs. 263–420 µm) and width (474–743 vs. 995–1,356 µm) and
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shorter apical organ length (82–150 vs. 255–290 µm). The cirrus sac of F. euzeti n. sp. is also
smaller (102–169 vs. 171–225 µm) and never has the panduriform shape as seen in of F. juliani.
In F. euzeti n. sp. the vagina is not variable in its position relative to the cirrus as described for F.
juliani; it always opens into the genital atrium posterior to the cirrus sac.
The scolex of F. euzeti n. sp. shows great size variation. In fact, the apical organ width
ranges from 584 to 1,504 µm. However, individuals with an apical organ width less than 900 µm
were only observed from one host specimen (AU-36). This degree of variation is not altogether
unusual but warrants acknowledgement (e.g. Mojica et al. In press).

Floriparicapitus chordacistus n. sp.
(Figs. 3G-J, 4A-C, 5)
Description (based on 30 specimens: 21 whole mounts of mature worms, 1 scolex
prepared for SEM, and histological sections taken from 8 whole worms [3 scolex longitudinal
section series with strobilae vouchers, 1 scolex in situ longitudinal section series with strobila
voucher, and 4 proglottid cross-section series with strobilae vouchers]): Worms 12–52 mm long;
euapolytic; maximum width of strobila 132–255, at 8–199 proglottids from terminal end;
proglottids 355–784 in number, craspedote. Scolex consisting of scolex proper with 4 acetabula,
apical modification of scolex proper, and apical organ. Scolex proper 140–317 long by 435–960
wide. Acetabula in form of suckers, 59–99 in diameter. Apical modification of scolex proper
forming aperture at apex of scolex. Apical organ expandable, forming rugose sheet, retractable,
muscular and glandular, 116–173 long by 512–1,123 wide; apical organ with elaborate folds
(Fig. 5A), projecting into intestinal villi of host; transition from apical organ to modification of
scolex proper (Fig. 3J) demarcated by thin band of porous tissue devoid of microtriches. Surface
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of scolex proper between suckers (Fig. 3I) and surface of sucker and scolex proper surrounding
suckers (Fig. 3K) covered with capilliform filitriches and scolopate spinitriches; apical
modification of the surface of scolex proper (Fig. 3J; lower portion) covered with acicular
filitriches. Apical organ surface (Fig. 3H) covered with papilliform filitriches. Strobilar surface
(Fig. 3L) covered with capilliform filitriches throughout.
Cephalic peduncle absent. Longitudinal muscle bundles surrounding internal organs
distinct. Immature proglottids 292–698 in number, wider than long; posterior-most immature
proglottid 64–125 long by 113–248 wide. Mature proglottids 30–168 in number, 232–502 long
by 98–192 wide. Testes 4 in number, 13–31 long by 14–42 wide, extending from anterior margin
of proglottid to level of ovarian bridge in a single column; degenerated in terminal mature
proglottid(s), 1 row deep in cross-section. Vas deferens extending medially from ootype region to
anterior margin of cirrus sac, with mature spermatozoa present in mature proglottids in which
testes may be degenerated. Internal seminal vesicle absent. Cirrus sac pyriform, angled slightly
anterior, 60–86 long by 41–59 wide, containing coiled cirrus. Cirrus armed with spinitriches.
Ovary essentially bilobed in dorso-ventral view, consisting of multiple irregular lobules on each
lateral side, tetra-lobed in cross-section (Fig. 5D), 37–84 long by 62–123 wide in mature
proglottids; ovarian bridge at center of ovary. Mehlis’ gland posterior to ovarian bridge. Vagina
curving along its extent; extending medially from ootype region, running along margin of uterus
to genital atrium, opening into genital atrium at same level as cirrus (Fig. 5C). Genital pores
lateral, irregularly alternating, 24–45% of proglottid length from anterior margin of proglottid.
Vitellarium follicular; follicles arranged in 4 columns, 2 dorsal and 2 ventral, extending from
near anterior margin of proglottid to posterior margin of proglottid; vitelline follicles 15–41 long
by 19–48 wide; interrupted by ovary. Excretory ducts in 3 pairs (Fig. 5B), central pair passing
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through ovarian lobes (Fig. 5D), central pair expanded, passing through ovarian lobes. Uterus
saccate, extending medially in proglottid from level of ovarian bridge to level of anterior-most
vitelline follicles. Eggs not observed.
Taxonomic summary
Type host: Glaucostegus typus (Anonymous [Bennett]), giant shovelnose ray,
(Rhinopristiformes: Rhinobatidae).
Additional hosts: Glaucostegus thouin Anonymous [Lacepède], clubnose guitarfish,
(Rhinopristiformes: Rhinobatidae).
Type locality: Dundee Beach (12°45'33"S, 130°21'7"E), Fog Bay, Northern Territory, Australia,
Timor Sea, Indian Ocean.
Additional localities: Lee Point, (12°20'11"S, 130°54'39"E), Fog Bay, Northern Territory,
Australia, Timor Sea, Indian Ocean (G. typus); Weipa (12°35'11"S, 141°42'34"E), Queensland,
Australia, Arafura Sea, Pacific Ocean (G. typus); Scarborough Beach (27°S, 153°E), Brisbane,
Queensland, Australia, Pacific Ocean (G. typus); Semantan (1°48'15.45"N, 109°46'47.17"E), ,
Sarawak, Malaysian Borneo, South China Sea, Pacific Ocean (G. thouin).
Site of infection: Spiral intestine.
Prevalence: 8 of 8 hosts examined (100%).
Specimens deposited: Holotype (QM 00000; whole worm) and 10 paratypes (QM 00000-00000;
8 whole worms, 1 scolex longitudinal section series with strobila voucher, 1 scolex in situ
longitudinal section series with strobila voucher, 2 proglottid cross section series with strobila
and scolex); 1 paratype (MZUM[P]-00000; whole worm); 1 paratype (SBC-00000; whole
worm); 7 paratypes (USNPC 00000-00000; 5 whole worms, 1 scolex longitudinal section series
with strobila voucher, and 1 proglottid cross section series with strobila and scolex voucher); 7
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paratypes (LRP 00000-00000; 5 whole worms, 1 scolex longitudinal section series with strobila
voucher, and 1 proglottid cross section series with strobila and scolex voucher); and 1 scolex
prepared for SEM and its whole-mounted voucher retained with KJ at the University of Kansas.
Etymology: This species is named for its presence in guitarfish; chordacistus (L.) meaning player
of a stringed instrument, such as a guitar.
Remarks
Floriparicapitus chordacistus n. sp. differs most conspicuously from F. juiliani and F.
euzeti in testes number; F. chordacistus n. sp. consistently has 4 testes, while F. juiliani and F.
euzeti have more (10–14 and 9–14, respectively). The posterior-most immature proglottids of F.
chordacistus n. sp. are much shorter in length than those of F. juiliani and F. euzeti. Immature
proglottid length ranges from 64–125 µm for F. chordacistus n. sp., while in F. juiliani it ranges
from 188–322 µm and in F. euzeti it ranges from 126–229 µm. On average, the immature
proglottid length was less than ½ the size observed in these other two species. The size range
exhibited by specimens of F. chordacistus n. sp. is also interesting to note because individuals of
this species represent some of the shortest (12 mm) and longest (52 mm) specimens of the three
new species of Floriparicapitus.
Floriparicapitus chordacistus is reported here from two species of guitarfish in the genus
Glaucostegus Bonaparte.

Floriparicapitus variabile (Southwell, 1911) n. comb. (syn. Cephalobothrium variabile
Southwell, 1911; Hexacanalis variabilis [Southwell, 1911] Yamaguti, 1959).
(Figs. 6–8)
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Redescription (based on 18 syntypes; 14 whole mounts [4 whole mounts of complete
mature worms, 4 whole mounts of immature worms, 6 whole mounts of partial worms] and 4
histological sections [2 proglottid frontal-sections, 2 proglottid cross-sections]; 4 voucher slides
consisting of histological sections [3 proglottid frontal-sections, 1 proglottid cross-section]; and 6
additional voucher specimens from newly collected material including 4 whole mounts of mature
worms, 1 scolex prepared for SEM, 1 scolex longitudinal section series, and 1 proglottid crosssection series): Worms 29–77 [130] mm long, euapolytic; maximum width of strobila 271–536
[500], at 4–44 proglottids from terminal proglottid; proglottids 439–1,088 [>400] in number.
Scolex consisting of scolex proper with 4 acetabula, apical modification of scolex proper, and
apical organ. Scolex proper 207–235 long by 556–712 wide in scoleces with expanded apical
organ; 689–895 long by 638–940 wide in scoleces with retracted apical organs. Acetabula in
form of suckers, 85–135 in diameter. Apical modification of scolex proper forming aperture at
apex of scolex. Apical organ expandable, forming rugose sheet (Fig. 8A), retractable, muscular
and glandular, 175–336 long by 686–1,424 wide. Surface of scolex proper (Fig. 7C) covered
with capilliform filitriches; transition from apical organ to modification of scolex proper
demarcated by abrupt band of tissue with apical modification of the surface of scolex proper
(Fig. 7D) covered with capilliform filitriches and apical organ surface (Fig. 7E) covered with
papilliform filitriches. Small papillae (Fig. 7B) visible on apical organ surface. Strobilar surface
(Fig. 7F) covered with scolopate spinitriches throughout.
Cephalic peduncle absent. Proglottids craspedote. Longitudinal muscle bundles
surrounding internal organs distinct. Immature proglottids 353–1,006 in number, wider than
long, becoming longer with maturity; posterior-most immature proglottid 164–290 long by 206–
683 wide. Mature proglottids 15–98 in number, 295–931 long by 256–622 wide. Testes 13–17 in
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number, 27–77 long by 32–81 wide, extending from anterior margin of proglottid to level of
ovarian bridge, loosely arranged in 2 columns; degenerated in terminal mature proglottid(s), 1
row deep in cross-section. Vas deferens extending medially from ootype region to anterior
margin of cirrus sac, expanded to form external seminal vesicle (Fig. 8D) in mature proglottids in
which testes may be degenerated. Internal seminal vesicle absent. Cirrus sac pyriform, angled
posteriorly, 140–279 long by 120–230 wide, in mature proglottids. Cirrus armed with
spinitriches. Ovary essentially bilobed in dorso-ventral view, consisting of multiple irregular
lobules on each lateral side, tetra-lobed in cross-section, 179–459 long by 101–237 wide in
mature proglottids, ovarian bridge at center of ovary. Mehlis’ gland posterior to ovarian bridge.
Vagina curving along its extent; extending medially from ootype, extending anterior, looping
over anterior margin of cirrus sac to enter genital atrium anterior to cirrus (Figs. 6B, 8B). Genital
pores lateral, irregularly alternating, 14–30% of proglottid length from anterior margin of
proglottid. Vitellarium folicular; follicles arranged in 8 columns, 4 columns on each lateral
margin of proglottid, extending from near anterior margin of proglottid to posterior margin of
proglottid; vitelline follicles 17–63 long by 34–87 wide; briefly interrupted by ovary. Excretory
ducts in 3 pairs, central pair expanded (Fig. 8C)., passing through ovarian lobes (Fig. 8E). Uterus
saccate, extending medially in proglottid from level of ovarian bridge to level of anterior-most
vitelline follicles. Eggs not observed.
Taxonomic summary
Type host: Anoxypristis cuspidata (Latham) [as Pristis cuspidata], knifetooth sawfish
(Rhinopristiformes: Pristidae).
Type locality: Portugal Bay, Ceylon (Sri Lanka) (see Southwell 1911).
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Additional localities: East of the Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory,
Australia, Arafura Sea, Indian Ocean.
Site of infection: Spiral intestine.
Prevalence: 3 of 3 host individuals infected (NT-58, 65, 89; 100%) based on new collections.
Specimens deposited: Lectotype (BMNH 00000; whole worm) and 17 paralectotypes (BMNH
00000-00000; 13 whole or partial worms, 2 slides of proglottid longitudinal sections, 2 slides of
proglottid cross-sections) from Southwell’s original series; 4 vouchers (BMNH 00000-00000; 2
slides of proglottid cross and longitudinal sections and 2 slides of proglottid longitudinal
sections) of Southwell’s but dated 1922; 5 vouchers (QM 00000-00000; 4 whole worms and 1
specimen with scolex longitudinal section series and proglottid cross-section series [no strobila
voucher); and 1 scolex prepared for SEM and its whole-mounted voucher is retained with KJ at
the University of Kansas.
Etymology: The specific epithet variable refers to the “…remarkable variability, hence the
specific name” (Southwell, 1911).
Remarks
The availability of Southwell’s original type series of Cephalobothrium variabile allowed
the reevaluation of this species. It is consistent with a new lecanicephalidean genus collected
from other sawfish and guitarfish, Floriparicapitus. The redescription of F. variabile n. comb.
adds valuable information relating to its internal anatomy and, with the collection of additional
voucher specimens from the type host (Anoxypristis cuspidata), the scolex and strobilar
microthrix patterns of F. variabile n. comb. are described for the first time. A putative
synapomorphy for the Lecanicephalidea has been that the vagina enters into the genital atrium
posterior to the cirrus. Floriparicapitus variabile n. comb. is the first lecanicephalidean species
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described in which the vagina is described as consistently entering the genital atrium anterior to
the cirrus, although this feature was not mentioned in the original description (Southwell 1911).
In the case of F. variabile n. comb., the cirrus sac is angled posteriorly and the vagina traverses
over the cirrus sac to enter the genital atrium anterior to the cirrus. This was consistent in all
specimens of F. variabile n. comb that were observed. The nature of the scolex of F. variabile n.
comb. was somewhat more variabile than what was observed in other species of
Floriparicapitus. Whereas the apical organ of some specimens of F. variabile n. comb. was fully
expanded (n=3), more often the apical organ was enclosed within the scolex (n=6).
The taxonomic history and confusion surrounding this species led to the designation of a
lectotype specimen from Southwell’s original type series. Slide no. BMNH 00000 is designated
as the lectotype of F. variabile n. comb. Additional specimens from the Southwell’s original type
series are designated paralectoypes (BMNH 00000–00000).
Southwell (1912) reported specimens of F. variabile n. comb. (as Cephalobothrium
variabilis [sic]) from Neotrygon kuhlii (Müller & Henle) (as Trygon kuhli [sic]; [Southwell
1912]). I had in my possession 6 slides labeled “Cephalobothrium variabile Southwell, 1911;
Dasybatus kuhli, Ceylon” assumed to be from Southwell’s collection. Presumably the host name
“Dasybatus kuhli” refers to Trygon kuhli, the host name used in the text of the manuscript
(Southwell 1912), as Dasybatus and Trygon are both synonyms of Dasyatis Rafinesque, 1810
(see Eschmeyer 1998). These slides were previously accessioned by the Natural History Museum
of London (NHM nos. 1965.2.23.201–206). These slides consist of two histological sections
(additional labeling reads “C.’1.” and “C.’3.”) and three whole mounts of scoleces and partial
strobilae. Material on one histological section slide is unrecognizable, but most probably
represents cross-sections of immature proglottids lacking internal anatomy. The second
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histological section slide is that of a scolex with a large muscular oval apical organ, clearly
inconsistent with Floriparicapitus but not recognizable as any other lecanicephalidean genus.
The three slides with scoleces and strobilae are in poor condition. The scoleces are reminiscent
of those of Hexacanalis Perrenoud, 1931. However, most of the strobilae have little to no
internal anatomy; excretory vessels were observable in a few pieces of strobilae and they
numbered six, consistent with both Hexacanalis and Floriparicapitus. Two partial strobilae on
the same slide do appear to be somewhat consistent with the updated diagnosis of Hexacanalis
provided in Chap. 2.3, primarily in the form of the ovary being sheet-like in dorso-ventral view,
rather than bilobed as seen in Floriparicapitus. Regardless, these specimens are clearly
inconsistent with the generic diagnosis of Floriparicapitus and are not representative of F.
variabile n. comb. At this point, the report of Neotrygon kuhlii as a host for Floriparicapitus
variabile n. comb. (syn. Cephalobothrium variabile) should be considered erroneous. To date,
Hexacanalis is only known from butterfly rays in the genus Gymnura (Gymnuridae). Records of
Hexacanalis from Neotrygon (Dasyatidae) require confirmation. The aforementioned specimens
are deposited in the NHM as Hexacanalis sp., with unverified host identification.

Floriparicapitus rhinobatidis (Subhapradha, 1955) n. comb. (syn. Cephalobothrium
rhinobatidis Subhapradha, 1955).
Taxonomic summary
Type host: Glaucostegus granulatus (Latham) [as Rhinobatus [sic] granulatus], sharpnose
guitarfish (Rhinopristiformes: Rhinobatidae).
Additional hosts: None.
Type locality: Madras Coast, eastern coast of India, Bay of Bengal, Indian Ocean,.
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Site of infection: Spiral intestine.
Specimens deposited: Unknown.
Remarks
Subhapradha’s (1955) description and illustrations of Cephalobothrium rhinobatidis are
clearly consistent with the diagnosis of the new genus, Floriparicapitus, thus Floriparicapitus
rhinobatidis (Subhapradha, 1955) n. comb. is declared here. Because the type specimens were
unavailable for study a redescription was not possible. However, the original illustrations of F.
rhinobatidis n. comb. show the characteristic rugose apical organ (see figs. 93 and 94 of
Subhapradha 1955). According to the original description of F. rhinobatidis n. comb., the
number of testes (i.e., 5) was consistent in all specimens; albeit the number of specimens upon
which this description was based is unknown (Subhapradha 1955). It is apparent that members of
Floriparicapitus parasitizing guitarfish have fewer testes than those species parasitizing sawfish.
Floriparicapitus rhinobatidis n. comb. is therefore most consistent with F. chordacistus, which
has been described has possessing four testes. While often the illusion of proglottids with five
testes was observed for F. chordacistus, proglottid cross-sections confirmed that the anteriormost testis is often constricted between the excretory vessels causing it to appear as two testes in
dorso-ventral view. In addition to scolex morphology and number of testes, the size and position
of the vitelline follicles and vastness of the uterus lend further support for the placement in
Floriparicapitus. Floriparicapitus rhinobatidis n. comb. differs from the three new species
described herein in total length (64 mm vs. 18–46 mm for F. juiliani; 11–30 for F. euzeti; 12–52
for F. chordacistus), and number of proglottids (>800 vs. 75–149 for F. juiliani; 130–227 for F.
euzeti; 355–784 for F. chordacistus). Floriparicapitus rhinobatidis n. comb. while somewhat
similar to F. variabile in proglottid number (>800 vs. 439–1,088), the two clearly differ from one
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another in testes number (5 vs. 13–17, respectively) and in the position of the vagina. The vagina
of F. rhinobatidis n. comb. crosses the distal portion of the cirrus sac and enters into the genital
pore at the same level as the cirrus (see fig. 96 in Subhapradha 1955), whereas the vagina of F.
variabile traverses over the cirrus sac and enters the genital atrium anterior to the cirrus.
The host identity for F. rhinobatidis n. comb. is unverified. The distribution of
Glaucostegus granulatus (reported by Subhapradha 1955 as Rhinobatus granulatus) is not fully
understood (Compagno & Last 1999). In addition, multiple species of guitarfish have been
recorded from waters around India (Compagno & Last 1999) and the identification of guitarfish
has proven rather difficult (Last et al. 2004; Naylor et al. 2012a). New collections of F.
rhinobatidis n. comb. from G. granulatus in the Bay of Bengal along the east coast of India are
needed to positively confirm this host-parasite association.
Furthermore, Cephalobothrium gogadevensis Pramanik and Manna, 2005, was described
from G. granulatus from near West Bengal, in the Bay of Bengal, Indian Ocean (Pramanik &
Manna 2005). Though the description of this species is somewhat more complete, the images
presented lack detail. In the scolex photograph, the perimeter of the scolex appears to be rugose
and it is described to be “flower-like” (pg. 39 in Pramanik & Manna 2005). No internal
anatomical features can be observed in the proglottid photograph (see figs. a, b in Pramanik &
Manna 2005). These authors distinguish C. gogadevensis from F. rhinobatidis n. comb. by the
following characters: total length and number of proglottids nearly half that of F. rhinobatidis n.
comb., by the presence of a neck, proglottids with six to seven testes, and vagina anterior to
cirrus sac for C. gogadevensis, rather than absence of neck, five testes, and vagina at same level
of cirrus sac for F. rhinobatidis n. comb. (Pramanik & Manna 2005). Regardless, it is unlikely
that C. gogadevensis is a member of the genus Cephalobothrium. The genus Cephalobothrium
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possesses a scolex with a large glandular apical organ in the form of an internal sucker (see
Chap. 2.1), not an external “flower-like” apical organ. Due to the fact that, based on the
description this species remains essentially unidentifiable, it is not recognized as a member of the
Floriparicapitus at this time. It may in fact be a junior synonym of F. rhinobatidis n. comb. but
examination of the type series of both species is needed to confirm this assumption. Given the
uncertain nature of Cephalobothrium gogadevensis as discussed here and evident in the original
description (Pramanik & Manna 2005) we deem it as a species inquirenda and incertae sedis in
the Lecanicephalidea.

DISCUSSION
Lecanicephalidean species have been demonstrated to exhibit oioxenous specificity
(Jensen 2001, 2005). The term oioxeny refers to those parasites that are known to parasitize a
single host species, thus displaying a host specificity index of HS=0 (Caira et al. 2003). In
general, species of Floriparicapitus parasitizing sawfish exhibit oioxenous host specificity. A
slightly relaxed degree of host specificity is observed in F. chordacistus which parasitizes
congeneric hosts, G. thouin and G. typus, thus exhibiting mesostenoxenous host specificity (i.e.,
restricted to a single host genus [Caira et al. 2003]). Interestingly, this is not the first
elasmobranch tapeworm species reported as parasitizing more than one species of Glaucostegus
(Ivanov & Caira 2012). Ivanov & Caira (2012) described the diphyllidean Echinobothrium
weipaense Ivanov and Caira, 2012 from G. typus, but reported specimens consistent with the
diphyllidean E. weipaense from G. thouin. These authors commented that while specimens from
several individuals of G. typus were relatively consistent in morphology, minor differences in the
specimens collected from G. thouin were observed (e.g., longer in total length [0.70–1.15 mm vs.
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0.46–0.88 mm] and differences in spines per row on the cephalic peduncle [9–11 vs. 9–10]; see
Ivanov & Caira [2012]). Similar observations were made in our study of Floriparicapitus from
several specimens of G. typus and G. thouin, including many of the same host specimens
examined by Ivanov & Caira (2012). Specimens of F. chordacistus from G. typus from several
localities across northern Australia and collected in different years are very consistent in terms of
their morphology. In general, specimens of F. chordacistus collected from G. thouin from
Malaysian Borneo appeared to possess a slightly wider strobila and scolex than those from G.
typus from northern Australia (212–255 µm vs. 132–230 µm and 752–960 µm vs. 435–837 µm,
respectively). Despite the subtle morphological differences, conspecificity is assumed.
The genus Floriparicapitus appears to be rather ubiquitous in pristid and rhinobatid
batoids. This study reports the new cestode genus from three of seven recognized species of
pristids (A. cuspidata, P. clavata, and P. microdon) (see Naylor et al. 2012a for number of
recognized host species) and three of 4 rhinobatids in the genus Glaucostegus (G. typus, G.
thouin, and G. granulatus) (see Froese & Pauly 2013 for number of recognized host species).
Preliminary data suggesting that Floriparicapitus parasitizes pristid and rhinobatid hosts beyond
those described herein exists. A fourth pristid species, the green sawfish, Pristis zisjron Bleeker
was also examined for cestode infection. Three cestodes consistent with the generic diagnosis of
Floriparicapitus were obtained from the spiral intestine of this individual (host ID no. DF-10;
see Table I). Cestodes consistent with the generic diagnosis of Floriparicapitus were also found
in an additional specimen of G. thouin (host ID no. KA-70; see Table I). These specimens appear
to be distinct from F. chordacistus. To recognize these two sets of specimens as different from
their congeners, they are referred to here as Floriparicapitus sp. 1 (from P. zisjron) and
Floriparicapitus sp. 2 (from G. thouin). However, additional specimens and observations are
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required to formally describe these species. Though these species are not formally described,
these reports provide further insight into the prevalence of Floriparicapitus in sawfish and
guitarfish in the Indo-Pacific Region and allude to greater species diversity in the genus.
Members of Floriparicapitus demonstrate a high level of fidelity for their hosts, pristid
and rhinobatid rays. However, this is not uncommon among lecanicephalidean genera. For
example, a close relationship between Hexacanalis and butterfly ray hosts in the genus Gymnura
was demonstrated previously (see Chap. 2.3). Valid members of the genus Lecanicephalum are
only known from the stingrays in the genus Dasyatis Rafinesque and members of
Eniochobothrium parasitize cownose rays in the genus Rhinoptera Cuvier. However other
lecanicephalidean genera are much more catholic in their host-choice, for example members of
the genus Polypocephalus are known from batoid hosts representing a number of families (see
Jensen 2005).
Recent studies focusing on the relationships of batoids, using morphological and/or
molecular data (Aschliman et al. 2012; Naylor et al. 2012b), although not completely congruent
in their results, have done much to shed light on batoid phylogenetic relationships. Deviating
from traditional classification of major batoid groups, Naylor et al. (2012b), found significant
support for a clade uniting members of the Pristidae and Rhinobatidae with other similar batoid
groups, proposing the new ordinal name Rhinopristiformes in recognition of this group.
However, relationships within this group remain problematic. The recognition of the
Rhinopristiformes includes paraphyletic groups of sawfish (Anoxypristis and Pristis) and
guitarfish (Aptychotrema, Glaucostegus, Rhinobatos, Trygonorhina, and Zapteryx) closely
related to wedgefish (Rhynchobatus), panrays (Zanobatus), and sharkrays (Rhina).
Floriparicapitus was reported from seven rhinobatid and pristid species in the Rhinopristiformes.
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Given the proclivity of Floriparicapitus to parasitize members of this host order, additional
species of Pristis and Glaucostegus and other closely related hosts (e.g., Rhinobatos) may serve
as suitable definitive hosts.
Undoubtedly, Floriparicapitus shows remarkable similarities with Lecanicephalum.
These two genera have similar strobilar and scolex features. For example, both genera possess
conspicuously armed cirri and testes in one or two columns; both genera have scoleces with an
apical organ in the form of a sheet which may be fully enclosed in the scolex or everted.
However, they are distinct from one another in that Floriparicapitus has three pairs of excretory
vessels, whereas Lecanicephalum only has a single pair and that the scolex of members of
Floriparicapitus lack the conspicuous muscle bundles of the apical organ observed in
Lecanicephalum. Although morphologically similar in many respects, a number of distinctions
can also be made between these two genera. The confirmation that Floriparicapitus represents a
distinct lecanicephalidean genus can only be substantiated in light of a robust phylogeny of the
group.
Interestingly, one of the other two genera known to have six excretory vessels,
Stoibocephalum (see Chap. 2.4) parasitizes sharkrays, Rhina ancylostoma, also a member of the
Rhinopristiformes, while members of the third genus, Hexacanalis, parasitizes butterfly rays
(Myliobatiformes). The presence of six excretory vessels as a putative synapomorphy uniting all
three genera and the potential for Floriparicapitus and Stoibocephalum as sister taxa needs to be
tested in a larger lecanicephalidean phylogenetic framework. The observation that both
Floriparicapitus and Stoibocephalum parasitize closely related hosts in the order
Rhinopristiformes provides provoking evidence for a hypothesized relationship between the two
genera. The results of the phylogenetic analyses in this study (see Chap. 3) support the number of
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excretory vessels as a putative synapomorphy, abliet not a close relationship between
Floriparicapitus and Stoibocephalum.
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Figure 1. Line drawings of species of Floriparicapitus from sawfish. A-B. Floriparicapitus juliani from Pristis
microdon. (A) Scolex. (B) Mature proglottid. C-E. Floriparicapitus euzeti from Pristis clavata. (C) Scolex. (D)
Mature proglottid. (E) Whole worm.
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Figure 2. Histological sections of Floriparicapitus juliani n. sp. from Pristis microdon. (A) Cross-section through
anterior part of mature proglottid showing anterior extent of vitelline follicles and uterus. (B) Cross-section through
mature proglottid anterior to genital pore showing expanded uterus, external seminal vesicle, and anteriorly
projected cirrus sac. (C) Cross-section through mature proglottid at level of genital pore. Note that the vagina and
cirrus are at the same level. (D) Cross-section through mature proglottid posterior to cirrus sac showing expanded
external seminal vesicle and massive vagina. (E) Cross-section of mature at level of ovary. Note six excretory
vessels. (F) Cross-section of mature proglottid posterior to ovary showing post-ovarian vitelline follicles and
Mehlis’ gland. Abbreviations: C, cirrus; CS, cirrus sac; MG, Mehlis’ gland; MT, cirrus microtriches; O, ovary; OC,
oocapt; UD, uterine duct; U, uterus; VA, vagina; VD, vas deferens; VF, vitelline follicle. Asterisks (*) indicate
excretory vessels.
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Figure 3. Scanning electron micrographs of Floriparicapitus species. (A-F) Floriparicapitus euzeti n. sp. (A)
Scolex; small letters indicate location of detail in Figs. 3B-F. (B) Surface of apical organ covered with papilliform
filitriches. (C) Transition between apical modification of scolex proper and scolex proper covered with with
acicular filitriches. (D) Scolex proper surface covered with capilliform filitriches and scolopate spinitriches. (E)
Area surrounding sucker covered with with capilliform filitriches and scolopate spinitriches. (F) Strobilar surface
covered with capilliform filitriches. (G-J) Floriparicapitus chordacistus n. sp. (G) Scolex; small letters indicate
location of detail in Figs. 3H-J. (H) Surface of apical organ covered with papilliform filitriches. (I) Scolex proper
surface covered with capilliform filitriches and scolopate spinitriches. (J) Transition between apical organ and
apical modification of scolex proper showing thin band of porous tissue devoid of microtriches; upper portion
indicative of apical organ with papilliform filitriches and lower portion indicative of apical modification of scolex
proper with acicular filitriches. (K) Area surrounding sucker covered with capilliform filitriches and scolopate
spinitriches. (L) Strobilar surface covered with capilliform filitriches.
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Figure 4. Line drawings of Floriparicapitus chordacistus n. sp. from Glaucostegus typus. (A) Scolex. (B) Mature
proglottid. (C) Whole worm. Arrowheads indicate equivalent location of sections in Figure 5.
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Figure 5. Histological sections of Floriparicapitus
chordacistus n. sp. from Glaucostegus thouin. (A) In
situ longitudinal-section of scolex demonstrating
intricate relationship between the apical organ and
host spiral intestine. (B) Cross-section through
anterior region of strobila showing six excretory
vessels. (C) Cross-section through mature proglottid
at level of genital pore. Note that the vagina and
cirrus are at approximately the same level. (D)
Cross-section of mature proglottid at level oaf ovary.
Note expanded size of medial excretory vessels.
Abbreviations: AO, apical organ; C, cirrus; LM,
longitudinal muscle bundles; MG, Mehlis’ gland; O,
ovary; OD, oviduct; SC, scolex; T, testis; U, uterus;
UD, uterine duct; VA, vagina; VF, vitelline follicle;
VD, vas deferens. Asterisks (*) indicate excretory
vessels.
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Figure 6. Line drawings of Floriparicapitus variabile n. comb. from Anoxypristis cuspidata. (A) Scolex. (B)
Mature proglottid.
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Figure 7. Scanning electron micrographs of Floriparicapitus variabile n. comb. (A) Scolex; small letters indicate
location of detail in Figs. 7B–F. (B) Surface of apical organ covered with papilliform filitriches and papillae. (C)
Scolex proper surface covered with capilliform filitriches. (D) Transition between apical organ and apical modification of scolex proper showing abrupt transition from papilliform filitriches of the apical organ (upper portion) to
capilliform filitriches of the scolex proper (lower portion). (E) Surface of apical organ covered with papilliform
filitriches. (F) Strobilar surface covered with scolopate spinitriches.
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Figure 8. Histological sections and light micrograph of Floriparicapitus variabile n. comb. (A) Longitudinal section
of scolex. (B) Light micrograph of mature proglottid showing vagina entering into genital atrium anterior to cirrus.
(C) Cross-section of mature proglottid at level anterior to cirrus sac with remnants of testes. (D) Cross-section of
mature proglottid at level posterior to cirrus sac with expanded uterus and external seminal vesicle. (E) Cross-section
of mature proglottid at level of ovarian bridge. Abbreviations: C, cirrus; ESV, external seminal vesicle; GP, genital
pore; LM, longitudinal muscle bundles; O, ovary; OC, oocapt; T, testis; U, uterus; UD, uterine duct; VA, vagina; VF,
vitelline follicle. Asterisks (*) indicate excretory vessels.
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Table I. Species of Floriparicapitus n. gen. and associated host collecting localities.
Floriparicapitus species
Host scientific name, host common name
Collecting locality (Unique identification no.)
Floriparicapitus variabile (Southwell, 1911) n. comb.
Anoxypristis cuspidata Latham, narrow sawfish

east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia,
Arafura Sea, Indian Ocean (NT-58; NT-65; NT-89)

Floriparicapitus euzetii n. sp.
Pristis clavata Garman, dwarf sawfish
Floriparicapitus julianii n. sp.
Pristis microdon Latham, freshwater sawfish

Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia,
Timor Sea, Indian Ocean (AU-15; AU-36; AU-136; AU-138)
Cairns (16° 55' S, 145° 46' E), Queensland, Australia Coral Sea, Pacific Ocean (CMJ10)

Floriparicapitus chordacista n. sp.
Glaucostegus typus (Anonymous [Bennett]),
giant shovelnose ray

Lee Point (12°20'11"S, 130°54'39"E), Fog Bay, Northern Territory, Australia, Timor
Sea, Indian Ocean (AU-1)
Dundee Beach (12°45'33"S, 130°21'7"E), Fog Bay, Northern Territory, Australia
Timor Sea, Indian Ocean (AU-56; AU-60; AU-62)
Weipa (12°35'11"S, 141°42'34"E), Queensland, Australia, Indian Ocean (CM03-60;
CM03-75)

Glaucostegus thouin (Anonymous [Lacepède]),
clubnose guitarfish
Additional hosts examined
Floriparicapitus sp. 1
Pristis zijsron Bleeker, green sawfish

Scarborough Beach (27°S, 153°E), Brisbane, Queensland, Australia, Pacific Ocean
(DF-2)
Semantan (1°48'15.45"N, 109°46'47.17"E), Sarawak, Malaysian Borneo, South China
Sea, Pacific Ocean (BO-157)
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia,
Timor Sea, Indian Ocean (DF-10)
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia,
Timor Sea, Indian Ocean (AU-2)

Floriparicapitus sp. 2
Glaucostegus thouin (Anonymous [Lacepède]),
clubnose guitarfish

Pagatan (03°36'36.00"S, 115°54'59.40"E ), South Kalimantan, Indonesian Borneo,
Makassar Straight, Pacific Ocean (KA-70)
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Table II. Morphometric data collected for four species of Floriparicapitus.
Character*
Total length (mm)
Maximum width of strobila
Position of maximum width
No. proglottids
Scolex
Scolex proper length
Scolex proper width
Acetabulum diameter
Apical organ length
Apical organ width
Strobila
No. immature proglottids
Immature proglottid length
Immature proglottid width
No. mature proglottids
Mature proglottid length
Mature proglottid width
No. testes
Testes length
Testes width
Cirrus sac length
Cirrus sac width
Ovary length
Ovary width
Genital pore position †
Vitelline follicle length
Vitelline follicle width
Host(s)

F. juliani n. sp.
27 ± 8; 11
311 ± 49; 10
5 ± 6; 10
123 ± 19; 11

F. euzeti n. sp.
19 ± 6; 24
248 ± 32; 24
9 ± 7; 24
172 ± 20; 24

F. chordacistus n. sp.
24 ± 9; 21
192 ± 38; 20
66 ± 62; 20
604 ± 124; 21

F. variabile n. comb ‡
54 ± 12; 15
416 ± 100; 9
30 ± 12; 9
728 ± 202; 11

345 ± 79; 3
1,222 ± 138; 9
187 ± 14; 11; 22
273 ± 17; 3
1,516 ± 121; 10

111 ± 24; 9
565 ± 86; 10
112 ± 10; 23; 45
118 ± 19; 19
950 ± 250; 13

201 ± 45; 14
670 ± 161; 17
73 ± 9; 21; 41
134 ± 16; 13
818 ± 190; 13

221 ± 19; 2 (777 ± 88; 6)
616 ± 84; 3 (748 ± 123; 6)
103 ± 13; 13; 26
232 ± 51; 11
976 ± 322; 4

81 ± 12; 11
238 ± 45; 11
227 ± 32; 11
42 ± 13; 11
831 ± 150; 9
298 ± 53; 9
12 ± 1; 10; 30
37 ± 9; 10; 30
36 ± 6; 10; 30
196 ± 19; 8
128 ± 9; 8
164 ± 27; 9
191 ± 21; 9
47 ± 4; 9
46 ± 12; 9; 27
48 ± 10; 9; 27
Pristis microdon

137 ± 30; 24
180 ± 30; 24
192 ± 31; 24
39 ± 12; 24
659 ± 89; 26
226 ± 34; 26
12 ± 1; 27; 81
32 ± 7; 27; 81
38 ± 6; 27; 81
140 ± 16; 26
96 ± 12; 26
131 ± 21; 27
162 ± 25; 27
44 ± 6; 26
32 ± 9; 27; 81
45 ± 7; 27; 81
Pristis clavata

510 ± 104; 21
85 ± 18; 21
173 ± 42; 21
86 ± 38; 21
356 ± 70; 20
142 ± 32; 20
4 ± 0; 21; 63
19 ± 4; 21; 63
28 ± 6; 21; 63
74 ± 7; 20
47 ± 6; 20
57 ± 12; 21
96 ± 22; 21
32 ± 6; 20
27 ± 6; 21; 63
33 ± 7; 21; 63
Glaucostegus typus,
Glaucostegus thouin

631 ± 199; 9
211 ± 40; 13
403 ± 131; 13
68 ± 30; 10
554 ± 188; 14
410 ± 128; 14
14 ± 1; 17; 51
51 ± 12; 17; 51
61 ± 13; 17; 51
202 ± 41; 14
170 ± 32; 14
284 ± 102; 14
154 ± 42; 14
23 ± 4; 14
35 ± 10; 14; 42
52 ± 13; 14; 42
Anoxypristis cuspidata

* Measurements are as follows: mean, standard deviation, number of worms examined, and number of total observations made
if more than 1 observation was taken per worm. All measurements are in micrometers (µm) unless otherwise stated.
† Genital pore position is given as a percentage from anterior margin of prolgottid.
‡ Parenthetical measurements in bold represent those taken on scoleces in which the apical organ is retracted. These
measurements, though the more common state observed for F. variabile n. comb., are not comparable to those measurements
presented for scolex proper length and scolex proper width in other species.
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CHAPTER 3
THE PHYLOGENETIC PLACEMENT OF CEPHALOBOTHRIUM SOUTHWELL, 1911,
ADELOBOTHRIUM SHIPLEY, 1900, AND HEXACANALIS PERRENOUD, 1931 & THE
STATUS OF THE CEPHALOBOTHRIIDAE PINTNER, 1928
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ABSTRACT
Family-level relationships within the Lecanicephalidea are outdated. The last treatment of
lecanicephalidean families included only five valid genera in four families. With updated
diagnoses for genera formally considered genera inquirenda including Cephalobothrium,
Adelobothrium, and Hexacanalis, and the creation of new genera such as Stoibocephalum and
Floriparicapitus, the placement of taxa at the family-level is problematic. Morphological data
suggest that the current four families are not suitable for at least some of the genera in question.
The Lecanicephalidea have never before been the subject of a detailed molecular phylogenetic
analysis. Molecular data were generated for the following genes or gene regions: 18S, partial
28S, 16S, and partial Cox1. Sequence data from 25 lecanicephalidean taxa representing 13
genera were subjected to parsimony and maximum likelihood analyses. Results from the 28S
gene, combined 18S and 28S genes, and all four genes combined, showed strong support for a
clade containing Cephalobothrium and Adelobothrium, thus the Cephalobothriidae is resurrected.
A separate clade comprising Hexacanalis, Stoibocephalum, and Floriparicapitus with
Tylocephalum and Lecanicephalum was also found with high support using the three above
mentioned datasets. Membership of the Lecanicephalidae was revised to include the latter five
genera. A revised diagnosis is presented for both families, and putative morphological
synapomorphies are discussed.

INTRODUCTION
Family-level relationships within the Lecanicephalidea have not been addressed in nearly
two decades. Euzet (1994) recognized only five valid lecanicephalidean genera in four families;
these were Tetragonocephalum Shipley & Hornell, 1905 and Tylocephalum Linton, 1890 in the
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Tetragonocephalidae Yamaguti, 1959, Lecanicephalum Linton, 1890 in the Lecanicephalidae
Braun, 1900, Polypocephalus Braun, 1878 in the Polypocephalidae Meggit, 1924, and
Anteropora Subhapradha, 1957 in the Anteroporidae Euzet, 1994. Central to this study, Euzet
(1994) considered Cephalobothrium Shipley & Hornell, 1906 a genus inquirendum in the
Lecanicephalidae, Hexacanalis Perrenoud, 1931 a synonym of Lecanicephalum in the
Lecanicephalidae, and Adelobothrium Shipley, 1900 a putative synonym of Tylocephalum in the
Tetragonocephalidae. With Cephalobothrium, Adelobothirum, and Hexacanalis now considered
valid genera (see Chaps. 2.1–2.3) their familial placement in the order needs to be reevaluated. In
addition, the newly erected genera, Stoibocephalum and Floriparicapitus (see Chaps. 2.4, 2.5),
which contain former members of Cephalobothrium, have not yet been placed in a
lecanicephalidean family. Some morphological characters suggest that at least some of these
genera are not consistent with any of the four families currently recognized. Furthermore, with
the recognition of these five genera, novel morphological features have been identified (e.g.,
number of excretory vessels) that may suggest a close relationship of some of these taxa to the
exclusion of others. For example, members of Hexacanalis, Stoibocephalum, and
Floriparicapitus possess three pairs of excretory vessels, whereas all other lecanicephalideans
are known to possess either a single pair or two pairs of excretory vessels. At this point,
phylogenetic analyses are needed to infer inter-generic relationships of the genera treated in this
body of work.
Molecular sequence data have been useful in elucidating phylogenetic relationships
among various cestode groups, including broad-scale ordinal relationships (Waeschenbach et al.
2007, 2012), the establishment of new orders (Kuchta et al. 2008; Healy et al. 2009), and
understanding interrelationships of taxa within orders (Palm et al. 2009; Olson et al. 2010). The
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Lecanicephalidea have never been the subject of a molecular phylogenetic analysis to test
generic interrelationships. In fact, no more than three lecanicephalidean species have been
included in any single phylogenetic analysis using molecular sequence data (Olson & Caira
1999; Olson et al. 2001; Waeschenbach et al. 2007, 2012; Healy et al. 2009). Herein, we use
molecular sequence data sampled across the Lecanicephalidea to determine (1) the position of
Cephalobothrium relative to other lecanicephalidean genera, (2) to test the placement of
Cephalobothirum in the Lecanicephalidae sensu Euzet (1994), or alternatively to support the
resurrection of the Cephalobothriidae Pintner, 1928, (3) to determine the placement of the other
genera (Adelobothrium and Hexacanalis) considered valid in this study, and (4) to test the
familial placement of newly created genera which include species formally considered members
of Cephalobothrium.

MATERIALS AND METHODS
Specimen Selection
Specimens included in the phylogenetic analyses were removed from their hosts in the
field and fixed in 95% ethanol. Specimens were transported to the lab and stored at ca. -18oC.
Representatives of genera pertinent to this study, as well as additional specimens representing a
broad sampling of lecanicephalidean genera were selected for further processing. Specimens
selected for sequencing were, if possible, cut into three pieces. DNA was extracted from the
middle piece. The scolex and posterior portion of strobila were prepared as whole mounted
vouchers as described previously (see Chapter 2) to serve as hologenophores (Pleijel et al., 2008)
for the specimens sequenced. All hologenophores will be deposited in the Lawrence R. Penner
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Collection (LRP), Department of Ecology and Evolutionary Biology, University of Connecticut,
Storrs, Connecticut.

Taxon sampling
The number of specimens in the ingroup and outgroup for each analysis is summarized in
Table I. For members of the Lecanicephalidea, sequence data was generated for 25 specimens,
representing 13 genera (Table II). The ingroup taxa were chosen to encompass (1) a broad
representation of lecanicephalidean genera, (2) members of the four families recognized by
Euzet (1994), and (3) members of all taxa that are the focus of this study. The outgroup consisted
of chimeric sequence data for representatives of three orders (Trypanorhyncha [Genbank nos.
AF286967, AJ228781, and EF103924], Bothriocephalidea [Genbank nos. AF286942, AJ228776,
and JQ268539], and Litobothriidea [Genbank nos. AF286930, AF124468, and JQ268549]; see
Table II). The same outgroup was utilized in all datasets and was selected to polarize the data as
all three orders have been consistently basal to the Lecanicephalidea in previous phylogenetic
analyses (Olson et al. 2001; Caira et al. 2005; Healy et al. 2009; Waeschenbach et al. 2007,
2012). The outgroup taxa chosen were (1) a litobothriidean, represented by a concatenated
sequence of Litobothrium janovyi Olson & Caira, 2001 and Litobothrium nickoli Olson & Caira,
2001, (2) a bothriocephalidean represented by a concatenated sequence of Bothiocephalus
scorpii (Mueller, 1776) Rudolphi, 1808 and Anchristocephalus microcephalus (Rudolphi, 1819)
Monticelli, 1890, and (3) a trypanorhynch, represented by a concatenated sequence of Grillotia
erinaceus (van Beneden, 1858) Guiart, 1927 and Grillotia pristiophori Beveridge & Campbell,
2001.
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Host identification follows Naylor et al. (2012a). Host classification follows Naylor et al.
(2012b). Cestode specimen identification, host identification, host collecting locality, and
GenBank accession numbers (if available) for these specimens are included in Table II.

DNA Extraction, Amplification, and Sequencing
Total genomic DNA was extracted from specimens using a DNeasy Tissue kit (Qiagen)
or Genomic-tip 20/G (Qiagen) according to the manufacturer’s instructions for all but one
specimen. In one case, genomic DNA for a single gene region (i.e., 28S [D1-D3] for
Lecanicephalum sp. 2 [JN-1-1]) was extracted using a non-commercial guanidine thiocyanate
protocol (see Jensen & Bullard 2010 for details).
Sequence data were generated for four genes, two mitochondrial genes (16S and partial
Cox1) and two nuclear ribosomal genes (18S and partial 28S [D1-D3]). PCR primers for all
genes are summarized in Table III. PCR amplifications were performed in 25 µl total reaction
volumes using Ready-to-go PCR Beads (Amersham Pharmacia Biotech) and 10µM primer
concentration. Thermal cycling was performed in either a BioRad DNA Engine or an MJ
Research PTC-200 Thermal Cycler. PCR cycling conditions for all genes are summarized in
Table IV. PCR products were sequenced using the above mentioned PCR primers and a variety
of internal primers to obtain the full sequence of each fragment (see Table III). Sequences were
generated on an Applied Biosystems 3730 DNA Analyser, using Big Dye version 1.1 at the
Natural History Museum (London, United Kingdom) or by the High Throughput Genomics
Center (Seattle, Washington). Contigs were assembled using Geneious (v. 5.6.6, Biomatters,
available at www.geneious.com/).
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Sequence alignment and phylogenetic analyses
Individual sequences were assembled in Geneious. Sequences were aligned using the
MAFFT (Katoh et al. 2002) multiple sequence alignment plug-in accessible in Geneious. Default
settings for MAFFT were as follows: gap opening 1.53, offset value 0.123, scoring matrix
200PAM/k=2, and the algorithm was set to AUTO in order to detect the most suitable strategy
for the data. Unambiguously alignable regions were excluded from all alignments with Gblocks
(Castresana 2000) using default parameters (i.e., no boxes were checked). All Gblocked data was
generated on the Gblocks server (http://molevol.cmima.csic.es/castresana/Gblocks_server.html).
The sequence data were divided into four character sets: (1) 16S+Cox1, (2) 28S, (3)
18S+28S, and (4) combined 18S+28S+16S+Cox1. These character sets were chosen for the
following reasons. The 16S and partial Cox1 genes, gene regions not traditionally used in
cestodes, were analyzed together to explore their potential utility for phylogenetic inference. The
partial 28S gene region was analyzed separately because of the additional sequence data
available for Lecanicephalum sp. 2. Partial 28S and 18S are part of the same nuclear locus and
have been used previously to infer phylogenetic relationships among cestodes (Healy et al. 2009;
Palm et al. 2009; Olson et al. 2010). The combination of all four genes served as the most
inclusive dataset for a molecular phylogenetic analysis of lecanicephalideans.
PAUP* version 4.0b10 (Swofford 2002) was used for phylogenetic inference with
Maximum Parsimony (MP). GARLI v0.951 (Zwickl 2006) was used for phylogenetic inference
with Maximum Likelihood (ML). All five datasets, including full alignments and Gblocked
alignments, were analyzed with MP and ML. In all cases, missing data was coded as (?) and gaps
were coded as (-).
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For MP, starting trees were obtained with stepwise addition under a heuristic search
strategy. All characters were treated as unordered and of equal weights. The outgroup was
defined consisting of the aforementioned taxa. The tree-bisection-reconnection (TBR) was
selected as the branch-swapping algorithm. In the case of multiple most parsimonious trees, strict
consensus and 50% majority rule consensus trees were generated. To evaluate clade support, 100
replicate bootstrap analyses were performed. Bootstrap values >80% are depicted on resulting
nodes.
For ML, five replicate analyses for each dataset were run in GARLI v0.951 on a desktop
computer. The tree with the best lnL score was chosen from among these replicates. The GTR
model of evolution was implemented. ML bootstrap values for 100 replicates were obtained
using GARLI with default settings. Strict and 50% majority rule consensus trees were generated
from these 100 bootstrap trees using PAUP*.

RESULTS
Summary of the data
The majority of sequences used herein were generated de novo for this study at KU or by
colleagues at the Natural History Museum (NHM), London, United Kingdom (see Table II).
Alignment length and number of variable sites, as well as tree length and number of most
parsimonious trees (for MP), and the best lnL score of five independent runs (for ML) are
summarized in Table I.

Use of Gblocks parameters
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In general, the dataset of the combined 16S+Cox1 gene regions were found to be
uninformative in addressing questions related to this study. The tree topology between the full
16S+Cox1 dataset and the Gblocked dataset differed only slightly; the clade containing
Floriparicapitus, Hexacanalis, Lecanicephalum, Stoibocephalum, Tetragonocephalum, and
Tylocephalum, was found to be sister to the clade containing Anteropora, Eniochobothrium,
Hornellobothrium, and Polypocephalus in the 16S+Cox1 dataset (Fig. 1A), whereas it was found
to be sister to the clade containing Adelobothrium and Cephalobothrium in the Gblocked dataset
(Fig. 1B). Both datasets found a monophyletic Lecanicephalidea, though the bootstrap support
was much lower in the Gblocked dataset (Fig. 1B). Most internal nodes were found to have little
to no support in both analyses, thus these two datasets are not discussed in further detail.
Standard Gblocked parameters were implemented in the remaining data partitions (28S,
18S+28S, and 18S+28S+16S+Cox1. Gblocking decreased the total size of the alignments by
24%, 20%, and 27% for the 28S, 18S+28S, and 18S+28S+16S+Cox1 alignments, respectively
(see Table I). Resulting trees for non-Gblocked and Gblocked datasets for these data partitions
did not differ dramatically (see Figs. 2A, 3A, 4A vs. 2B, 3B, 4B).
For 28S and 28S Gblocked datasets tree topologies differed at two nodes (Figs. 2A, B).
The clade containing species identified as Cephalobothrium and Adelobothrium was recovered in
both datasets with high support. The 28S dataset grouped Cephalobothrium sp. 1 and
Cephalobothrium sp. 2 sister to specimens of Adelobothrium with relatively high support. The
28S Gblocked dataset recovered the same clade with slightly different topology as the two
species of Cephalobothrium (sp. 1 and sp. 2) were not recovered as sister taxa. The other
difference between these two datasets involves the newly proposed genus Floriparicapitus. Both
datasets recovered a clade containing Lecanicephalum, Hexacanalis, and Floriparicapitus with
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high support. In the 28S dataset specimens of Floriparicapitus euzeti were recovered as sister to
one another and united with Hexacanalis folifer, while in the 28S Gblocked dataset
representatives of Floriparicapitus euzeti were not sister taxa and rendered Hexacanalis sister to
Lecanicephalum.
For 18S+28S and 18S+28S Gblocked tree topologies within the clades of interest did not
differ (Figs. 3A, B). The only general topological differences relate to the placement of the genus
Eniochobothrium in relation to all other lecanicephalideans excluding Paraberrapex. Whereas
the 18S+28S dataset grouped Eniochobothrium basal to the group containing the clade of
Adelobothrium and Cephalobothrium and the clade of Lecanicephalum, Floriparicapitus,
Hexacanalis, Tylocephalum, and Stoibocephalum, the 18S+28S Gblocked dataset placed
Eniochobothrium sister to all lecanicephalideans except Paraberrapex; the node which unites
Eniochobothrium with the remaining lecanicephalideans had little support in both scenarios. In
the second scenario, the clade containing Adelobothrium and Cephalobothrium is also basal to a
clade containing Tetragonocephalum plus members of the genera Polypocephalus,
Hornellobothrium, and Anteropora and a clade containing Lecanicephalum, Floriparicapitus,
Hexacanalis, Tylocephalum, and Stoibocephalum.
In the 18S+28S+16S+Cox1 and 18S+28S+16S+Cox1 Gblocked datasets, tree topologies
varied slightly (Figs. 4A, B). The non-Gblocked dataset resulted in a sister relationship between
the clade containing Adelobothrium and Cephalobothrium and the clade containing
Lecanicephalum, Floriparicapitus, Hexacanalis, Tylocephalum, and Stoibocephalum, whereas
the Gblocked dataset resulted in a clade containing Tetragonocephalum plus members of the
genera Polypocephalus, Hornellobothrium, and Anteropora sister to the clade containing
Lecanicephalum, Floriparicapitus, Hexacanalis, Tylocephalum, and Stoibocephalum. Further
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differences among these two datasets are similar to results discussed previously regarding the
placement of Eniochobothrium. Specimens of Floriparicapitus euzeti were recovered as sister in
both datasets, though in the non-Gblocked dataset they were found sister to Hexacanalis (Fig.
4A) and in the Gblocked dataset they were found sister to members of Lecanicephalum (Fig.
4B).

Maximum Parsimony vs. Maximum Likelihood
Comparative results for MP and ML analyses are presented for the following datasets only:
28S, 18S+28S, and 18S+28S+16S+Cox1. In general, tree topologies between MP and ML
analyses within each dataset did not differ. Only one topological difference with significant
support was recovered. In the 18S+28S and the 18S+28S+16S+Cox1 datasets, for non-Gblocked
data, the genera Eniochobothrium and Tetragonocephalum were supported as sister to one
another under parsimony (BS of 93% and 96%, respectively), though this relationship was not
supported for maximum likelihood.
Other minor differences between MP and ML analyses related to bootstrap support values
are worth mentioning. Results for MP and ML on the 28S dataset primarily differed at only a
single node. While in the 28S dataset MP supported a clade uniting species of Tylocephalum and
Stoibocephalum, albeit with somewhat low support (83% BS), ML did not (Fig. 2A). In the 28S
Gblocked dataset, MP and ML differed at two nodes. Parsimony highly supported a clade
containing Lecanicephalum, Hexacanalis, Floriparicapitus,Tylocephalum, and Stoibocephalum
(98% BS), while maximum likelihood did not recover high support for this clade (83%). The
clade containing Polypocephalus species and Hornellobothrium was weakly supported with ML
(80% BS), but not supported for MP. In the 18S+28S dataset (Fig. 3A) MP and ML differed in
bootstrap values at two nodes worth mentioning. While ML supported the clade uniting
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Floriparicapitus with Hexacanalis (93% BS), MP only very weakly supported this grouping
(76% BS, not shown). In the 18S+28S Gblocked dataset (Fig. 3B) MP and ML support did not
differ significantly at any nodes. In the 18S+28S+16S+Cox1 (Fig. 4A) and the
18S+28S+16S+Cox1 Gblocked (Fig. 4B) datasets discrepancies among MP and ML occurred at
the same three nodes. MP did not find support for grouping of Cephalobothrium sp. 1 and sp. 2
with Adelobothrium species, while ML supported this grouping (93% BS for non-Gblocked and
96% BS for Gblocked). ML weakly supported the grouping of Adelobothium aetobatidis with
Adelobothrium cf. aetiobatidis (83% BS for non-Gblocked and 88% BS for Gblocked) while MP
did not. Similarly, MP did not support the grouping of Tylocephalum cf. campanulatum with
Stoibocephalum while ML did with relatively high support (92% BS for non-Gblocked and 96%
BS for Gblocked).

Generalizations
In the three most inclusive datasets the Lecanicephalidea were consistently recovered as
monophyletic with 100% BS support in both MP and ML analyses (Figs. 2A, 3, 4), with the only
exception being 98% BS for MP in the 28S Gblocked datset only (Fig. 2B). Within the order, six
major lineages were identified: (1) Paraberrapex, (2) Eniochobothrium, (3) Tetragonocephalum,
(4) Polypocephalus, Anteropora, and Hornellobothrium, (5) Cephalobothrium and
Adelobothrium, and (6) Lecanicephalum, Floriparicapitus, Hexacanalis, Tylocephalum, and
Stoibocephalum. Paraberrapex manifestus was always recovered as the most basal
lecanicephalidean with bootstrap support of 100% in MP and 100% in ML analyses (Figs. 2A, 3,
4) and 94% BS in the 28S Gblocked dataset (Fig. 2B) uniting all remaining lecanicephalideans.
The placement of members of the genera Eniochobothrium and Tetragonocephalum is
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unresolved. All ML trees grouped Tetragonocephalum with the clade containing
Polypocephalus, Anteropora and Hornellobothrium, however this grouping was never found to
have high bootstrap support (Figs. 2, 3, 4). Eniochobothrium was sometimes found in the group
consisting of the clade uniting Cephalobothrium and Adelobothrium and the clade uniting
Lecanicephalum, Floriparicapitus, Hexacanalis, Tylocephalum, and Stoibocephalum (Figs. 2,
3A, 4A), while other times it was found basal to all lecanicephalideans except Paraberrapex
(Figs. 3B, 4B).The remaining two clades consist entirely of genera central to this study. The
clade containing Cephalobothrium and Adelobothrium was always recovered with 99–100% BS
support for all MP and ML analyses. The clade containing Lecanicephalum, Floriparicapitus,
Hexacanalis, Tylocephalum, and Stoibocephalum, also was always recovered with high support
(98–100% with MP and ML), except once in the 28S Gblocked dataset (Fig. 2B) where the clade
had only 83% BS for ML. Based on the high support and consistent membership of these two
clades, a rearrangement of the families treated by Euzet (1994) is in order.

DISCUSSION
Updated lecanicephalidean family diagnoses
As mentioned above, in the most recent treatment of lecanicephalidean families, Euzet
(1994) considered only four families valid. These families contained a total of five valid genera.
The present study has since resolved the questionable nature of the genera Cephalobothrium,
Adelobothrium, and Hexacanalis (See Chaps. 2.1–2.3). Euzet (1994) designated
Cephalobothrium a genus inquirendum in the Lecanicephalidae and Hexacanalis Perrenoud,
1931 a synonym of Lecanicephalum in the Lecanicephalidae; he postulated Adelobothrium was a
synonym of Tylocephalum in the Tetragonocephalidae. Analyses based on molecular sequence
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data demonstrate that previous hypotheses of the relatedness of these genera need to be revisited.
In addition to the recognition of these three formally questionable genera, Stoibocephalum and
Floriparicapitus, of which the latter contains former members of Cephalobothrium, are now
recognized and have never been placed in a family.
The results of this study suggest that Cephalobothrium and Adelobothrium are each
other’s closest relatives, and thus the family Cephalobothriidae (see Fig. 4B) is resurrected and a
revised family diagnosis presented. Furthermore, the membership of the Lecanicephalidae sensu
Euzet (1994) is updated to include alongside Lecanicephalum the genera Tylocephalum,
Hexacanalis, Stoibocephalum, and Floriparicapitus (see Fig. 4B). A revision for this family is
also presented. Remarks for each family are restricted to general comments about membership
and putative morphological synapomorphies. Inter-generic relationships within families are only
superficially addressed. Comments on intra-generic relationships or on the non-monophyly of
genera are reserved for the time being until a phylogenetic hypothesis including more diverse
taxon sampling is available.

Cephalobothriidae Pintner, 1928
Diagnosis: Order Lecanicephalidea. Worms euapolytic. Scolex consisting of scolex
proper with 4 acetabula, apical modification of scolex proper, and apical organ; cephalic
peduncle absent. Acetabula in form of suckers. Apical modification of scolex proper housing or
bearing apical organ; apical organ in form of internal muscular pad or external, muscular and
glandular process. Proglottids craspedote. Testes numerous, medial in proglottid, in multiple
layers. Vas deferens expanded to form external seminal vesicle. Internal seminal vesicle absent.
Vagina entering into genital atrium posterior to cirrus sac. Genital pores lateral, irregularly
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alternating. Cirrus spinitriches absent. Ovary H-shaped in frontal view, bilobed in cross-section,
margins lobulated. Vitellarium follicular; vitelline follicles in multiple columns, extending from
anterior margin of proglottid to level of overlap anterior margin of ovary; encroaching on
midline of proglottid, interrupted medially by uterus and testes. Uterus medial, tubular. Eggs
unknown. Excretory vessels in 2 lateral pairs. Parasites of eagle rays in the genus Aetobatus
(Myliobatiformes: Myliobatidae).
Type genus: Cephalobothrium Shipley & Hornell, 1906.
Other genera (included in this study): Adelobothrium Shipley, 1900.
Remarks: The Cephalobothriidae have not been recognized as a valid family in the
Lecanicephalidea for more than half a century (Joyeux & Baer 1961). While Cephalobothrium
and Adelobothrium have often been hypothesized to be members of the family, other genera have
also been included alongside them such as Hexacanalis and Tetragonocephalum (Joyeux & Baer
1961), or Polypocephalus, Anthemobothrium, and Staurobothrium (Wardle & McLeod 1952),
but most often Tylocephalum has been included in the family (Pintner 1928; Hyman 1951;
Wardle & McLeod 1952). Based on molecular sequence data Cephalobothrium and
Adelobothrium are clearly each other’s closest relatives. It is unknown whether other
lecanicephalidean genera that were not included in this study could be allied with the
Cephalobothriidae, but it is evident from this study that Tylocephalum as it currently stands is not
a member of this family. Cephalobothrium and Adelobothrium differ dramatically in scolex
morphology. The apical organ of Cephalobothrium is an internal pad that is not known to be
everted, while that of Adelobothrium is an external protuberance not known to be retracted.
However, the two genera share some features. Both genera have multiple columns of vitellaria
that encroach on the midline of the proglottid and extend posteriorly only to the level of the
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ovary. The vitellaria are proximal to the longitudinal muscle bundles, and appear to surround the
longitudinal muscle bundles to some degree (see Figs. 3B, D in Chap. 2.1 and Figs. 3A, C in
Chap. 2.2). Other genera, such as Stoibocephalum and Floriparicapitus have similar longitudinal
muscle bundles but in these genera the vitellaria are entirely proximal to the muscle bundles (see
Figs. 3A, B in Chap. 2.4 and Fig. 2C in Chap. 2.5). Both Cephalobothrium and Adelobothrium
have testes that are distributed in fields (rather than columns), they have relatively thin tubular
uteri, are euapolytic, and they have massively expansive external seminal vesicles. It is difficult
to identify a global putative morphological synapomorphy for this group without denser taxon
sampling. The interdigitation of the vitelline follicles among the longitudinal muscle bundles is
such a candidate feature. For now, this family is more or less defined by a unique combination of
non-unique characters. While Adelobothrium was always recovered as monophyletic in the
molecular analyses, Cephalobothrium was not. Two species of Cephalobothrium
(Cephalobothrium sp. 1 and sp. 2) included in the molecular analyses are morphologically
clearly members of Cephalobothrium. Their placement outside of the clade containing the type
species of the genus, Cephalobothrium aetobatidis, requires confirmation.

Lecanicephalidae Braun, 1900
Updated diagnosis: Order Lecanicephalidea. Worms euapolytic or apolytic. Conspicuous
longitudinal muscle bundles around periphery of strobila present or absent. Scolex consisting of
scolex proper with 4 acetabula, apical modification of scolex proper, and apical organ. Acetabula
in form of suckers. Apical modification of scolex proper bearing apical organ; apical organ in
form of sheet, either with folds or not, or large pad; invaginable or not, retractable or not; often
muscular with or without glandular surface. Proglottids craspedote. Testes in columns or fields
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medially in proglottids. Vas deferens expanded to form external seminal vesicle or not. Internal
seminal vesicle absent. Vagina entering genital atrium posterior to, at the same level as, or
anterior to cirrus sac. Genital pores lateral, irregularly alternating. Cirrus spinitriches present or
absent. Ovary H-shaped or bilobed in dorsal-ventral view, bilobed or U-shaped in cross-section,
margins lobulated. Vitellarium follicular; vitelline follicles in multiple columns, extending from
anterior margin of proglottid to level of ovary, post-ovarian vitelline follicles present or absent.
Uterus medial, tubular or saccate. Eggs single with or without filaments. Excretory vessels in 1,
2, 3, or 4 lateral pairs. Parasites of batoids in the families Dasyatidae, Gymnuridae,
Rhinopteridae (Myliobatiformes) and Rhinobatidae, Pristidae, Rhinidae, and Rhynchobatidae
(Rhinopristiformes). Reports from squatiniform and carcharhiniform sharks unconfirmed.
Type genus: Lecanicephalum Linton, 1890
Other genera (included in this study): Floriparicapitus Cielocha (this study), Hexacanalis
Perrenoud, 1931, Stoibocephalum Cielocha & Jensen, 2013 (this study), Tylocephalum Linton,
1890.
Remarks: The family Lecanicephalidae is recircumscribed to accommodate members of
those genera which were consistently found to form a well supported monophyletic group with
molecular data in parsimony and maximum likelihood analyses. The Lecanicephalidae now
includes five genera, as opposed to only Lecanicephalum as suggested by Euzet (1994). Euzet
(1994) had also hypothesized that some members of Cephalobothrium, Hexacanalis, and
Tylocephalum may be part of this group. Molecular data suggest Cephalobothrium to not be a
member of the Lecanicephalidae. In addition, the two new genera described as a part of this
study, Floriparicapitus and Stoibocephalum, are clearly members of this family.
Floriparicapitus has many morphological similiarities with Lecanicephalum (e.g., form of
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scolex, spinitriches on cirrus, arrangement of vitellaria and testes) and molecular data suggest it
is closely related to Lecanicephalum and Hexacanalis within the Lecanicephalidae.
Stoibocephalum is morphologically very similar to Tylocephalum with both genera having large,
often muscular apical organs, multiple columns of vitellaria, and sometimes the presence of
gravid proglottids, and the results of the molecular analyses group Stoibocephalum and
Tylocephalum together. A putative global morphological synapomorphy for the family could not
be identified at this time. Species in four of the five genera included in the Lecanicephaldiae
have been described as possessing more than two pairs of excretory vessels. This feature, as a
candidate putative morphological synapomorphy for the family or a subset of taxa requires
additional study (see below). Hypotheses regarding the membership of additional genera that
were not included in these phylogenetic analyses can be made. For example Collicocephalus
Koch, Jensen, & Caira, 2011 could be a putative member of the Lecanicephalidae, and
Flapocephalus Deshmukh, 1979 appears superficially similar to some members of the family
though it’s validity in the order still remains in question (see Jensen 2005). Representatives of
these genera should be included in future phylogenetic analyses in order to determine their
appropriate familial placement.

General observations
Some discrepancies exist between the morphological data presented earlier (see Chap. 2)
and the molecular results presented herein. While members of Hexacanalis, Stoibocephalum, and
Floriparicapitus all have three pairs of excretory vessels other members of the Lecanicephalidae
do not. The two species considered valid in Lecanicephalum, Lecanicephalum peltatum Linton,
1890 and Lecanicephalum coangustatum Jensen, 2005, are reported to have a single pair of
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excretory vessels (Jensen 2005). The number of excretory vessels in specimens of
Lecanicephalum included in this study has not been observed in cross-section. These
morphological data provide support for a sister relationship of Floriparicapitus and Hexacanalis
rather than Floriparicapitus and Lecanicephalum as sometimes suggested with molecular data
(see Fig. 4B). However, the latter scenario can also be supported with morphological data
relating to the scolex and reproductive organs. In general, Floriparicapitus and Lecanicephalum
are morphological very similar but can be distinguished based on some morphological features
(see Chap. 2.5). Other members of the Lecanicephalidae present similar conflicting information
for morphological characters. The number of excretory vessels was investigated for T.
koenneckeorum (see Chap. 2.4). Although five excretory vessels may have been observed in
some sections, three pairs (6 total) could not be unambiguously confirmed. However, crosssections of T. cf. campanulatum revealed four pairs (eight total) of excretory vessels (pers. obs.).
This character state has never before been reported for a lecanicephalidean tapeworm. Further
studies on the number of excretory vessels in members of Lecanicephalum, especially those
included in this study, are needed to confirm whether or not the presence of a single pair is the
true character state for the genus or alternatively if this character state was previously
misinterpreted for Lecanicephalum. If a single pair is confirmed for Lecanicephalum, this
character would prove to be highly variabile and uninformative in making assumptions about
relationships. If, in fact, Lecanicephalum has more than two pairs of excretory vessels, this
character would serve as a morphological synapomorphy uniting members of the
Lecanicephalidae.
The taxa included in these molecular analyses suffer from a slight geographic bias. The
vast majority of lecanicephalideans included in this study were from the western Pacific and
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eastern Indian Oceans. The exceptions were one specimen of Cephalobothrium from the Atlantic
Ocean, as well as Eniochobothrium from the Atlantic Ocean and Paraberrapex from the eastern
Pacific Ocean. Specimens of species of Adelobothrium, Lecanicephalum, and Tylocephalum are
known to occur in the Atlantic Ocean but were unavailable for this study. In the future, taxon
sampling should focus on including representatives of genera across their geographic
distributions. An example where this sampling shortfall may have influenced the interpretation
of the data involves the non-monophyly of Tylocephalum. While species of Tylocephalum,
including the type species Tylocephalum pingue Linton, 1890, have been reported from the
Atlantic Ocean (Linton 1890; Campbell & Williams 1984; Ivanov & Campbell 2000), none were
available for study. Moreover, all of the species of Tylocephalum from the Atlantic Ocean
(Linton 1890; Campbell & Williams 1984; Ivanov & Campbell 2000) parasitize cownose rays in
the genus Rhinoptera (Myliobatiformes: Rhinopteridae). The species of Tylocephalum included
in the present study parasitize batoids that are very distantly related to the cownose rays (i.e.,
guitarfish in the genus Rhynchobatus [Rhinopristiformes: Rhynchobatidiae] and the sharkray in
the genus Rhina [Rhinopristiformes: Rhinidae]).
This study is the first to investigate the relationships of lecanicephalidean genera in a
molecular phylogenetic framework. Strong molecular evidence supports the resurrection of the
Cephalobothriidae containing Cephalobothrium and Adelobothrium, and the Lecanicephalidae
containing Lecanicephalum, Floriparicapitus, Hexacanalis, Tylocephalum, and Stoibocephalum.
While the molecular data strongly support the Cephalobothriidae and Lecanicephalidae,
additional taxon sampling is needed to better understand the genus-level boundaries within these
families. With respect to other lecanicephalidean taxa, members of the families
Tetragonocephalidae, Polypocephalidae, and Anteroporidae recognized by Euzet (1994) are in
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desperate need of revision. Implications of the phylogenetic analyses presented here with regards
to these families are briefly described below. Euzet (1994) recognized Tylocephalum and
Tetragonocephalum in the Tetragonocephalidae. This relationship was not supported with
molecular data in this study and seems to have been based on the superficial similarity of a large
globular apical organ present in both genera (Euzet 1994). Pending conclusive placement of
Tetragonocephalum among lecanicephalidean genera, the Tetragonocephalidae may likely
represent a monotypic family. The analyses herein suggest that genera in Euzet’s (1994)
Polypocephalidae (i.e., Polypocephalus) and Anteroporidae (i.e., Anteropora) are closely related.
Recognition of these two genera with others in the family Polypocephalidae should be
considered in the future. A more robust molecular phylogeny with widespread taxon sampling of
all known lecanicephalidean genera is needed to begin to understand the relationships among
these remaining taxa.
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Figure 1. Maximum likelihood trees. (A) 16S+Cox1. (B) 16S+Cox1
Gblock. Bootstrap values for
Parsimony/Likelihood are indicated on nodes considered to have high support.
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Figure 2. Maximum likelihood trees. (A) 28S. (B) 28S Gblock. Bootstrap values for Parsimony/Likelihood are
indicated on nodes considered to have high support.
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Figure 3. Maximum likelihood trees. (A) 18S+28S. (B) 18S+28S Gblock. Bootstrap values for
Parsimony/Likelihood are indicated on nodes considered to have high support.
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-/96
Adelobothrium sp. 1(PBI-614/AU-41-2)
Cephalobothrium sp. 1 (PBI-636/TH-19-2)
Cephalobothriidae
100/100 100/100
Cephalobothrium sp. 2 (PBI-637/FY-4-1)
Cephalobothrium cf. aetobatidis (PBI-905/TH-19-TE)
100/100 Cephalobothrium aetobatidis (PBI-616/AU-41-5)
Tetragonocephalum sp. 1 (PBI-623/NT-106-1)
100/100
Tetragonocephalum sp. 2 (PBI-624/NT-117-1)
Anteropora klosmamorphis (PBI-615/AU-408-1)
Hornellobothrium extensivum (PBI-634/AU-41-6)
99/100
Polypocephalus helmuti (PBI-915/AU-85)
Polypocephalus sp. 1 (PBI-621/BO-86-1)
100/100 Lecanicephalum sp. 2 (JN-1-1)
Lecanicephalum sp. 1 (PBI-894/TW-18-1)
-/87
Floriparicapitus
euzeti (PBI-910/CM03-75-1)
100/100
99/99 Floriparicapitus euzeti (PBI-896/AU-60-1)
Lecanicephalidae
Hexacanalis folifer (PBI-618/KA-437-1)
99/100
Tylocephalum koenneckeorum (PBI-629/NT-49-1)
Tylocephalum cf. campanulatum (PBI-625/NT-103-2)
85/100
Stoibocephalum arafurense (PBI-619/NT-91-1)
-/96
100/100 Stoibocephalum arafurense (PBI-620/NT-103-1)

Figure 4. Maximum likelihood trees. (A) 18S+28S+16S+Cox1. (B) 18S+28S+16S+Cox1 Gblock. Bootstrap values
for Parsimony/Likelihood are indicated on nodes considered to have high support.
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Alignment
16S+Cox1
16S+Cox1 Gblocks
28S
28S Gblocks
182+28S
182+28S Gblocks
182+28S+16S+Cox1
182+28S+16S+Cox1 Gblocks

No. ingroup
taxa
23
23
25
25
25
25
25
25

No. outgroup
taxa
3
3
3
3
3
3
3
3

Alignment
length
1,538
1,005
1,646
1,253
3,929
3,164
5,468
4,019

Table I. Summary of alignment sets and phylogenetic analyses.
No. variabile
sites
802
520
638
435
1,185
763
1,987
1,221

Maximum Parsimony
No. most
Tree
parsimonious trees
length
3,637
1
2,449
3
1,572
6
1,046
4
3,006
1
1,869
5
6,667
1
4,120
2

Maximum Likelihood
Best ln L score
(of 5 runs)
-15,227.65747
-10,309.08299
-9,453.08976
-6,668.31381
-19,374.38046
-13,548.76301
-35,718.83590
-23,666.64242
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Host
Alopias superciliosus /
Alopias pelagicus
Myoxocephalus scorpius /
Mola mola
Raja radiata /
Pristiophorus nudipinnis
Aetobatus ocellatus
Aetobatus ocellatus
Aetobatus ocellatus
Narcine maculata
Aetobatus ocellatus
Aetobatus ocellatus
Aetobatus ocellatus
Aetobatus narinari
Rhinoptera neglecta
Rhinoptera sp.
Gymnura zonura
Aetobatus ocellatus
Dasyatis sp.
Dasyatis akajei
Glaucostegus typus
Glaucostegus typus
Squatina californica
Rhinoptera neglecta
Taeniura lymma 1
Rhina ancylostoma
Rhina ancylostoma
Himantura jenkinsii
Himantura leoparda
Rhina ancylstoma
Rhynchobatus cf. laevis

Locality
Santa Maria (27°25'3"N, 112°18'15"W), Baja, Mexico, Gulf of California/
Santa Maria (27°25'3"N, 112°18'15"W), Baja, Mexico, Gulf of California/
St. Abbs Head (55°35'59"N, 2°7'54"W), United Kingdom, North Sea, Atlantic Ocean/
Lincolnshire (53°19'17"N, 0°17'30"E), United Kingdom, North Sea, Atlantic Ocean
Fair Isle (59°32'12"N, 1°38'44"W), North Sea, United Kingdon, Atlantic Ocean/
San Remo (38°31'14"S, 145°22'16"E), Victoria, Australia, Southern Ocean
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Sarawak (02°49'01.20"N, 110°52'47.16"E), Borneo, Pacific Ocean
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Bangsaray (12°38'N, 100°51'E), Thailand, Pacific Ocean
Bangsaray (12°38'N, 100°51'E), Thailand, Pacific Ocean
west of Boot Key (24° 41' N, 81° 7' W), Florida, USA, Atlantic Ocean
Dundee Beach (12°45'33"S, 130°21'7"E), Northern Territory, Australia, Indian Ocean
St. Louis (16° 1'28"N, 16°30'33"W), Senegal, Atlantic Ocean
Manggar (01°12'55.20"S, 116°58'27.50"E), East Kalimantan, Indonesia, Pacific Ocean
Darwin (12°20'11"S, 130°54'39"E), Buffalo Creek, Northern Territory, Australia, Indian Ocean
Magong (23°33'49"N, 119°34'31"E), Penghu, Taiwan, Pacific Ocean
Shimizu (34°50'N, 138°40'E), Japan, Pacific Ocean
Dundee Beach (12°45'33"S, 130°21'7"E), Northern Territory, Australia, Indian Ocean
Weipa (12°35'11"S, 141°42'34"E), Queensland, Austrlaia, Pacific Ocean
Santa Rosalia (27°19'51"N, 112°15'30"W), Baja California Sur, Mexico, Pacific Ocean
Dundee Beach (12°45'33"S, 130°21'7"E), Northern Territory, Australia, Indian Ocean
Semporna (04°28'44.09"N, 118°37'00.57"E), Sabah, Malaysia, Borneo, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean
east of Wessel Islands (11°17'44"S, 136°59'48"E), Northern Territory, Australia, Pacific Ocean

*Genbank numbers if available or an 'X' indicates data newly generated for this study.
†Bold text indicates data generated at KU, non-bold text indicates data generated at the Natural History Museum, London.
Taxa for which sequence data was not generated is indicated by a dash (-).

Table II. Lecanicephalidean specimens used in this study.
Species ID
Identification code
Litobothrium janovyi/
Litobothrium
L. nickoli
Bothriocephalus scorpii/
Bothriocephalus/
Anchristocephalus microcephalus
Anchristocephalus
Grillotia erinaceus/
Grillotia
G. pristiophori
Adelobothrium aetiobatidis
AU-57 / PBI-903
Adelobothrium cf. aetiobatidis
AU-41-1 / PBI-613
Adelobothrium sp. 1
AU-41-2 / PBI-614
Anteropora klosmamorphis
BO-408-1 / PBI-615
Cephalobothrium aetobatidis
AU-41-5 / PBI-616
Cephalobothrium cf. aetobatidis
TH-19-TE / PBI-905
Cephalobothrium sp. 1
TH-19-2 / PBI-636
Cephalobothrium sp. 2
FY-4-1 / PBI-637
Eniochobothrium euaxos
AU-85-1 / PBI-906
Eniochobothrium sp. 1
SE-80-1 / PBI-891
Hexacanalis folifer
KA-437-1 / PBI-618
Hornellobothrium extensivum
AU-41-6 / PBI-634
Lecanicephalum sp. 1
TW-18-1 / PBI-894
Lecanicephalum sp. 2
JN-1-1
Floriparicapitus euzeti
AU-60-1 / PBI-896
Floriparicapitus euzeti
CM03-75 / PBI-910
Paraberrapex manifestus
BJ-298 / PBI-914
Polypocephalus helmuti
AU-85 / PBI-915
Polypocephalus sp. 1
BO-86-1 / PBI-621
Stoibocephalum arafurense
NT-103-1 / PBI-620
Stoibocephalum arafurense
NT-91-1 / PBI-619
Tetragonocephalum sp. 1
NT-106-1 / PBI-623
Tetragonocephalum sp. 2
NT-117-1 / PBI-624
Tylocephalum cf. campanulatum
NT-103-2 / PBI-625
Tylocephalum koenneckeorum
NT-49-1 / PBI-629
28S*†
AF286930
AF286942
AF286967
EF095257
X
X
X
X
AF286927
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

18S*†
16S*†
COX1*†
AF124468
JQ268549 JQ268549
AJ228776
JQ268539 JQ268539
AJ228781
EF103924 EF103924
EF095249
X
X
X
X
X
X
X
X
X
X
X
X
X
X
AF124466
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Table III. PCR and sequencing primers.
18S

PCR Primers
Sequencing Primers

28S (D1-D3)

PCR Primers

Sequencing Primers

16S

Primer Name
Worm A
Worm B
300F-18S
930F
1270R
1200F

Primer Sequence
GCGAATGGCTCATTAAATCAG
CTTGTTACGACTTTTACTTCC
AGGGTTCGATTCCGGAG
GCATGGAATAATGGAATAGG
CCGTCAATTCCTTTAAGT
CAGGTCTGTGATGCCC

LSU5*
ZX-1*
1500R
300F-28S
1200R

TAGGTCGACCCGCTGAAYTTAAGCA
ACCCGCTGAATTTAAGCATAT
GCTATCCTGAGGGAAACTTCG
CAAGTACCGTGAGGGAAAGTTG
GCATAGTTCACCATCTTTCGG

PCR/Sequencing Primers Cest_16SFgen
Cyclo16SRc

TRCCTTTTGCATCATG
AATAGATAAGAACCGACCTGGC

Cox1 (partial) PCR Primers

PBI_Cox1F_PCR CATTTTGCTGCCGGTCARCAYATGTTYTGRTTTTTTGG
PBI_Cox1R_PCR CCTTTGTCGATACTGCCAAARTAATGCATDGGRAA
Sequencing Primers
PBI_Cox1F_Seq
CATTTTGCTGCCGGTCA
PBI_Cox1R_Seq TAATGCATDGGRAAAAAAC
* LSU5 was used as a PCR primer for most taxa. Alternatively, ZX-1 was used as a PCR primer for some taxa.
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Table IV. PCR thermal-cycling conditions.
Gene
18S
28S (D1-D3)
16S
Cox1

Denature
94°C, 2 min
94°C, 2 min
94°C, 2 min
94°C, 2 min

Denature
94°C, 30 s
94°C, 30 s
94°C, 30 s
94°C, 30 s

40 Cycles
Anneal
54°C, 30 s
55°C, 30 s
54°C, 30 s
60°C, 30 s

Extension
72°C, 2 min
72°C, 2 min
72°C, 1 min
72°C, 1 min

Extension
72°C, 10 min
72°C, 10 min
72°C, 10 min
72°C, 10 min
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INVESTIGATION OF SPERM ULTRASTRUCTURE OF ADELOBOTHRIUM SP.
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Abstract
Mature spermatozoon ultrastructure is described for the first time for a lecanicephalidean
cestode, Adelobothrium sp. (Cestoda: Lecanicephalidea). This study represents the first
presentation of electron micrographs for lecanicephalidean spermatozoa. We confirm the
tentative placement of the Lecanicephalidea in the Type IV spermatozoon category. A new
feature, the anterior spiral process, is described at the anterior extremity of the mature
spermatozoon. The crested body is identified by concentric rings and a darkly staining outer edge
in cross-section. A row of ten parallel cortical microtubules persists in the anterior region of the
mature spermatozoon terminating at the level of the nucleus. The nucleus continues after the
disassociation of the axoneme in the posterior region. A review of other cestodes placed in the
Type IV spermatozoon category is presented, including the placement of the Rhinebothriidea
within this category. The phyllobothriid tetraphyllideans should be tentatively considered in the
Type II spermatozoon category pending further studies that confirm two axonemes in crosssection and the presence of a crested body. Future studies are needed to definitively place the
phyllobothriid Tetraphyllidea. Spermatozoa of a mere 2.5% of all cestode species have been
studied. Further studies are needed to better understand spermatozoon character variation,
especially within understudied cestode orders.
Additional key words: spermatozoa, tapeworm, elasmobranch, transmission electron microscopy
Some ultrastructural data on the male gamete, the spermatozoon, exist for members of
most of the 18 known orders of cestodes (Platyhelminthes: Cestoda). However even in the orders
for which information on spermatozoon ultrastructure have been generated these data are only
available for few species, severely limiting our ability to compare spermatozoon character
variation within and across groups. For example, among the nearly 400 described species in the
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Proteocephalidea, spermatozoa have been characterized for only 8 species (Gresson 1962; Bâ &
Marchand 1994a; Sène et al. 1997; Bruňanská 2003a, b; 2004a, b; Marigo et al. 2012) and in its
closest relative (Waeschenbach et al. 2012), the Tetraphyllidea, spermatozoa have been
characterized for only 7 species (Mokhtar Maamouri & Świderski 1975; Mokhtar Maamouri
1982; Mahendrasingham et al. 1989; Sène et al. 1999; Quilichini et al. 2007; Marigo et al.
2011a) of the more than 450 described species.
Cestodes, which as adults parasitize all classes of vertebrates, are especially diverse in
elasmobranch hosts (sharks and rays) (Caira et al. 2012). Elasmobranch cestodes, though not a
monophyletic assemblage (Waeschenbach et al. 2007; 2012), represent a seriously understudied
group in terms of spermatozoon ultrastructure; with a total of nearly 1,000 species considered
valid, spermatozoon ultrastructural data exist for only 25 species (5 of 70 diphyllideans [Euzet
1981; Azzouz-Draoui 1985; Azzouz-Draoui & Mokhtar-Maamouri 1986/88; Marigo et al.
2011b];1 of 100 lecanicephalideans [Justine 2001]; 3 of 100 rhinebothriideans [MokhtarMaamouri & Świderski 1976, Mokhtar-Maamouri 1979, MacKinnon & Burt 1984]; 7 of 450
tetraphyllideans [see above]; and 9 of 300 trypanorhynchs [McKerr 1985 (unpub. thesis);
Świderski 1976; Miquel & Świderski 2006, In press; Miquel et al. 2007a; Marigo et al. 2011c]).
Species estimates come from Caira et al. (2013), Koch et al. (2012), Healy et al. (2009), and
Palm et al. (2009), respectively. Data is completely lacking for species of Cathetocephalidea and
Litobothriidea. With nearly 100 described species, the Lecanicephalidea remain the only major
cestode order in which spermatozoon ultrastructure has yet to be fully characterized (Justine
2001). Only a single lecanicephalidean species, Tetragonocephalum sp., from a dasyatid ray,
Himantura sp. (Elasmobranchii: Rajiformes: Dasyatidae) has been partially characterized for
spermiogenesis and spermatozoon ultrastructure by Justine (2001). He diagrammatically
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illustrated the structure of the zone of differentiation during spermiogenesis and included some
morphological details of the mature spermatozoon in a character matrix (Justine 2001). However,
transmission electron micrographs were not presented. Specimens of the lecanicephalidean
Adelobothrium sp. collected during a recent trip to the Solomon Islands were fixed for
examination of their spermatozoa using transmission electron microscopy. This is the first study
to fully characterize the mature spermatozoa of any lecanicephalidean species.
Methods
A specimen of Aetobatus cf. narinari (host ID no. SO-34) (Elasmobranchii: Rajiformes:
Myliobatidae) was hand-speared by local fishermen near Sagheraghi (8°2'15.1"S,
156°45'57.1"E), Ghizo, Western Province, Solomon Islands, Pacific Ocean, on 24 March 2012.
The spiral intestine was removed, opened with a longitudinal incision, and examined for
cestodes. Individual cestodes were isolated and fixed for transmission electron microscopy
(TEM). The remaining cestodes (and spiral intestine) were fixed in 10% seawater-buffered
formalin and subsequently transferred to 70% ethanol. Additional host specimen data, including
images, are available in the Global Cestode Database at
http://elasmobranchs.tapewormdb.uconn.edu by searching based on host ID number (SO-34).
Voucher specimens of worms examined for this study are deposited in the Lawrence R. Penner
Parasitology Collection (LRP), University of Connecticut, Storrs, Connecticut, USA (LRP
00000-00000).
In the field, individual specimens of Adelobothrium sp. selected for TEM were rinsed in
seawater and fixed in a cold (ca. 4oC) solution of 1.5% glutaraldehyde/1.5% paraformaldehyde in
0.1 M Hepes buffer with 0.08M NaCl and 2 mM MgCl2 (pH 7.4). Specimens were stored in
fixative for 8-10 weeks at ca. 4°C until further processing. The bodies of two mature specimens
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were cut into pieces to obtain individual mature proglottids. Proglottids were prepared according
to the following protocol. Proglottids were washed in 0.1 M Hepes buffer with 0.08M NaCl and
2 mM MgCl2 (pH 7.4), post-fixed in cold 1% Osmium Tetroxide (OsO4) in the above mentioned
buffer and 0.8% Potassium Ferrocyanide (K4Fe[CN]6) for 1 h, and dehydrated in a graded
acetone series. One mature proglottid from each specimen of Adelobothrium sp. was embedded
for cross-section in either Spurr’s low-viscosity resin (soft preparation formula) or Epon; a single
proglottid was embedded for longitudinal-section in Spurr’s low-viscosity resin (soft preparation
formula). Specimens were allowed to cure for ca. 24 hr. Ultrathin sections were cut at ca. 90 nm
on an LKB Ultrotome V ultramicrotome. One proglottid embedded for cross-section was cut at
50 µm intervals, such that observations were made at 4 levels along a ca. 200 µm length of the
external seminal vesicle (i.e., male sperm storage duct). Sections were mounted on copper grids
(300 mesh). Grids were double stained with uranyl acetate and lead citrate according to Sato
(1968). Sections were observed at 80 kV with either an FEI Tecnai Biotwin (Electron
Microscopy Laboratory, Dept. of Physiology and Neurobiology, University of Connecticut) or
FEI Tecnai F20 XT Field Emission (Microscopy and Analytical Imaging Laboratory, University
of Kansas) transmission electron microscope. Measurements of mature spermatozoa and
individual spermatozoon structures are presented in the text in nanometers, unless otherwise
stated, and include the range followed parenthetically by the mean, standard deviation, and total
number of measurements taken. Portions of the specimens not used for TEM were prepared as
whole-mounted vouchers according to standard techniques described below.
Spermatozoa from within the external seminal vesicle of two mature proglottids from a
third specimen of Adelobothrium sp. were examined with scanning electron microscopy (SEM).
Intact proglottids were cut from the strobila, hydrated, post-fixed in cold 1% osmium tetroxide
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overnight, dehydrated in a graded ethanol series, transferred to hexamethyldisilizane (HMDS)
for 30 minutes, air-dried, and mounted on aluminum stubs with double-sided adhesive carbon
tape. Proglottids were subsequently broken open using insect pins to expose mature spermatozoa
in the external seminal vesicle. Preparations were sputter coated with ca. 35 nm of gold and
examined with a Zeiss LEO 1550 Field Emission Scanning Electron Microscope at the
University of Kansas. Portions of the specimen not used for SEM were prepared as wholemounted vouchers according to standard techniques described below.
Additional specimens were prepared as whole mounts for examination with light
microscopy. These specimens were processed as follows. Whole mounts were hydrated in a
graded ethanol series, stained with Delafield’s haematoxylin, dehydrated in a graded ethanol
series, cleared in methyl salicylate, and mounted in Canada balsam on glass-slides sealed with
cover-slips. Specimens prepared for light microscopy were examined with a Zeiss Axioskop 2
Plus compound microscope.
In general, spermatozoon terminology follows Justine (1998), with the exception of the
descriptor used for structures wrapping around the axoneme. These structures (crested body and
nucleus) are considered herein to form a helix, rather than spiral, because they wrap around the
axoneme in a circular direction with a constant, rather than increasing or decreasing radius.
Results
Transmission Electron Microscopy
Data obtained from cross- and longitudinal sections of mature spermatozoa from 3
mature proglottids allowed for the following general observations. The mature spermatozoon of
Adelobothrium sp. stored in the external seminal vesicle is a long, filiform cell tapered at both
ends, 268–426 (341 ± 47, 42) wide. The spermatozoon lacks mitochondria. Its cytoplasm
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contains a single axoneme, cortical microtubules, a crested body, and a nucleus. The axoneme is
of the 9 + ‘1’ trepaxonematan type. The axoneme originates in the anterior portion of the
spermatozoon at the level of the centriole and terminates in the posterior region of the
spermatozoon near the posterior limit of the nucleus. Cortical microtubules run parallel to the
axoneme from the anterior portion of the spermatozoon to the level of the nucleus. The cortical
microtubules form an arc partially surrounding the axoneme. A crested body is observed in the
anterior portion of the spermatozoon, wrapping around the axoneme in the form of a helix. The
nucleus is observed in the posterior portion of the spermatozoon. The nucleus wraps around the
axoneme in form of a helix; it extends more posteriorly in the spermatozoon than the axoneme.
An unusual structure was identified at the anterior end of the spermatozoon. This structure
originates at the anterior extremity and extends posteriorly to some extent, spiraling around the
periphery of the spermatozoon. It is referred to here as the anterior spiral structure.
Cross-sections taken at 4 levels, each ca. 50 µm apart, allowed for the reconstruction of
the spermatozoon along its entire length. Five distinct regions of the mature spermatozoon are
recognized from anterior to posterior and can be characterized as follows.
Region I (Figs. 1A-E, I-J; 2) is characterized by the presence of the crested body. The
crested body originates near the anterior end of the spermatozoon and continues for
approximately half of the total length of the spermatozoon, forming a helix around the axoneme
(CB in Fig. 1J). The crested body is electron dense; a distinctive darkly-staining distal margin
and internal concentric rings (CB in Figs. 1B, D) are visible in cross-section. Anteriorly, the
crested body is shallowly ovoid in cross-section (Fig. 1C) with its greatest dimension being 169–
218 (193 ± 19, 10). More posteriorly the crested body becomes circular (Fig. 1D), with a
diameter of 108–137 (117 ± 8, 10). It further gradually decreases in size (Fig. 1E) towards its
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posterior end where its diameter is 48–65 (56 ± 5, 10). The axoneme originates posterior to the
centriole (CE in Fig. 1C). Preceding the presence of the fully formed axoneme, several
individual microtubules are observed in cross-section (S in Figs. 1A, B). At the level posterior to
the centriole are ten cortical microtubules arranged in an arc partially surrounding the axoneme
(CM in Figs. 1B-E) and running parallel (CM in Fig. 1J) to it; they are consistently positioned
adjacent to the axoneme, never distal to the crested body. The unique anterior spiral structure is
at the anterior extremity of the spermatozoon. In cross-section, the anterior spiral structure
appears as 3 projections of the cytoplasmic membrane (white arrowheads in Fig. 1A). In
longitudinal section, the anterior spiral structure tightly winds around the spermatozoon from the
tip of the spermatozoon (Fig. 1I) for a length of about 1–3 µm.
Region II (Figs. 1F; 2) separates the region with the crested body from the region with
the nucleus. Therefore, this region is characterized by the presence of the axoneme and cortical
microtubules only. It appears to be relatively short compared to the total length of the
spermatozoon; only very few cross-sections were observed to represent Region II.
Region III (Figs. 1F, G, K; 2) is characterized by the presence of the nucleus and
axoneme. The nucleus originates near the middle of the spermatozoon and continues for
approximately a third of the total length of the spermatozoon. The nucleus is electron dense with
a granular appearance consistent with the presence of chromatin. It forms a loosely-winding
helix in close proximity to the axoneme (NU, AX in Fig. 1K). In cross-section the nucleus is
shallowly ovoid in form (Fig. 1G) with its largest dimension measuring 170–215 (195 ± 16, 10).
Cortical microtubules are only present in the extreme anterior portion of Region III (Fig. 1F);
cortical microtubules were not observed posterior in the region (Fig. 1G).
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Region IV (Figs. 1H, L; 2) is characterized by the disassociated axoneme. Microtubules
of the disassociated axoneme are found near the margin of the cytoplasm (DA in Fig. 1H). The
nucleus persists in this region, albeit at decreased size. In cross- and longitudinal sections the
spermatozoon appears empty (Figs. 1H, L).
Region V (Fig. 1H; 2) represents the posterior extremity of the spermatozoon. The total
diameter of the spermatozoon decreases and only few microtubules of the disassociated axoneme
are present (Fig. 1H).
The serial reconstruction of cross-sections taken at 4 levels along the length of the
external seminal vesicle from posterior to anterior in the proglottid allows for interpretation of
spermatozoon orientation. Sections taken at the same level were essentially of the same
spermatozoon region: sections from the 2 most posterior levels in the external seminal vesicle
primarily showed Region I; sections from the third level showed primarily showed Regions II–
III; and sections from the anterior-most level showed Regions III–V. This suggests that
spermatozoa in the external seminal vesicle are basically aligned parallel to one another with the
nuclear region proximal to the cirrus-sac (i.e., anterior in the proglottid) and the region with the
crested body distal to the cirrus sac (i.e., posterior in the proglottid).

Light and Scanning Electron Microscopy
Whole mounts of mature proglottids of Adelobothrium sp. show the vas deferens to be
enlarged forming a prominent external seminal vesicle (Figs. 3A, B). Light microscopy confirms
the orientation and alignment of the mature spermatozoa in the external seminal vesicle (Figs.
3A, B). Two distinct regions are apparent in the external seminal vesicle. The lightly staining
region corresponds to the region of the spermatozoa with the crested body (region between white
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arrowheads in Fig. 3E). The darkly staining region corresponds to the region of the spermatozoa
with nucleus (region between black arrowheads in Fig. 3E). The external seminal vesicle enters
the cirrus-sac at its anterior end (near grey arrowhead in Fig. 3E). The spermatozoa are oriented
such that nuclear region of the spermatozoon exits the male copulatory organ first. Light
microscopy also provides for an estimate of spermatozoon total length. Taking into account the
sinuous nature of the external seminal vesicle, a mature spermatozoon of Adelobothrium sp. is
estimated at ca. 500 µm in total length.
Mature spermatozoa in the external seminal vesicle were exposed for examination with
scanning electron microscopy. The spermatozoa were arranged in a densely packed fashion,
parallel to one another. The spermatozoa have an undulating appearance (Fig. 3C). The helical
nature of the crested body relative to the axoneme is visible (Fig. 3D). The anterior spiral
structure (Fig. 3E) could be observed at the anterior extremity of mature spermatozoa. The total
length of the anterior spiral structure is ca. 3.5–4 µm.
Discussion
This is the first study to fully characterize lecanicephalidean spermatozoon ultrastructure.
Prior to this study, only minimal information regarding mature spermatozoa for
lecanicephalideans was available; Justine (2001) coded the absence of the mitochondrion (a
synapomorphy for the Eucestoda [Justine 1998]) and periaxonemal sheath, and the presence of
the crested body, parallel cortical microtubules, and single axoneme for Tetragonocephalum sp.
Nearly a decade later, Levron et al. (2010) postulated a helical nucleus for lecanicephalidean
spermatozoa based on the combination of characters coded by Justine (2001), thus suggesting the
Lecanicephalidea to possess Type IV spermatozoa. To our knowledge, Levron et al. (2010) did
not observe sections or images of Tetragonocephalum sp. of Justine (2001). Our study confirmed
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Justine’s data for general lecanicephalidean spermatozoon features and the presence of a nucleus
forming a helix around the axoneme as was postulated by Levron et al. (2010), thus confirming
that spermatozoa of the lecanicephalidean, Adelobothrium sp. are Type IV spermatozoa sensu
Levron et al. (2010). This is the first study to present electron micrographs and a schematic
reconstruction of the length of mature spermatozoa for a member of the Lecanicephalidea.
Moreover, specific morphological details are presented for the crested body (i.e, a distinctive
darkly staining distal margin and internal concentric rings observed in cross-section) and a
previously undescribed cestode spermatozoon feature, the anterior spiral structure, is
documented.
In addition to the Lecanicephalidea, Levron et al. (2010) listed members of the
cyclophyllidean family Mesocestoididae and the phyllobothriid Tetraphyllidea to possess Type
IV spermatozoa. However, while sharing the general presence of a single axoneme, parallel
cortical microtubules, a crested body, and a helical nucleus, Adelobothrium sp. spermatozoa were
observed to also differ from members of the Mesocestoididae and phyllobothriid Tetraphyllidea
in a number of respects in regards to some of the details observed for these more general
structures. Two species, of Mesocestoididae, Mesocestoides litteratus (BATSCH, 1786)
WITENBERG, 1934 and Mesocestoides lineatus (GOEZE, 1782) RAILLIET, 1893 (see Miquel et al.
1999; 2007b respectively) have been studied. The crested body of both species of Mesocestoides
was described as flame-shaped in some cross-sections (Miquel et al. 1999; 2007b) while the
crested body of Adelobothrium sp. is ovoid to circular in shape. Moreover, differences in the
shape of the nucleus were seen between Adelobothrium sp. and at least one of the species of
Mesocestoides. Mesocestoides litteratus and Adelobothrium sp. possess a helical nucleus that
appears oval in cross section (see fig. 18 in Miquel et al. 1999 and Fig. 1G for Adelobothrium).
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However, the nucleus of M. lineatus is quite different in shape. In some sections it appears to
form a nearly complete ring around the axoneme (see fig. 21 [cross-section] and fig. 25
[longitudinal section] in Miquel et al. 2007b). This suggests that for some portions of its length
the nucleus forms a semi-circular sheath around the axoneme. The degree to which it spirals
around the axoneme in these regions is not clear.
The placement of the phyllobothriid Tetraphyllidea in the Type IV spermatozoon
category by Levron et al. (2010) is more problematic. Traditionally, phyllobothriid
tetraphyllideans have included the Rhinebothriidea (Caira et al. 1999, 2001), now recognized at
the ordinal level (Healy et al. 2009). Though Levron et al. (2010) did not formally assign the
Rhinebothriidea to a spermatozoon type data suggest that the Rhinebothriidea should be aligned
with the Type IV spermatozoon category. Spermatozoa have been studied for three
rhinebothriideans; a single axoneme, parallel cortical microtubules, and helical nucleus are
observed in these three species (Mokhtar-Maamouri & Świderski 1976, Mokhtar-Maamouri
1979, MacKinnon & Burt 1984). The crested body has only been identified for one species,
Anthocephalum wedli RUHNKE, 2011 (as Phyllobothrium gracile WEDL, 1855; see Fig. 4A in
Mokhtar-Maamouri 1979). The crested body was not observed in spermatozoa of
Echeneibothrium beauchampi EUZET, 1959 (Mokhtar-Maamouri & Świderski 1976). A structure
termed the “helical flange” was described for spermatozoa of Pseudanthobothrium hanseni
BAER, 1956 (MacKinnon & Burt 1984). It is unclear whether or not the “helical flange”
described for P. hanseni actually represents the crested body or a structure similar to the anterior
spiral process observed in Adelobothrium sp. Based on this limited data, we believe the
Rhinebothriidea should be considered in the Type IV spermatozoon category.
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The placement of spermatozoa of true phyllobothriid tetraphyllideans is somewhat
difficult. Recently, the phyllobothriid tetraphyllideans were treated in a monograph which
included 17 genera (Ruhnke 2011). Spermatozoa of only a single phyllobothriid species,
Phyllobothrium lactuca VAN BENEDEN, 1850 (Sène et al. 1999) has been studied. The authors of
this study describe spermiogensis, thus fully mature spermatozoa may not have been observed,
complicating the interpretation of spermatozoon characters. For example, the authors report
Figure 17 to be “[a]t different levels of an old spermatid showing one and two axonemes” (Sène
et al. 1999). An “old spermatid” refers to a developing cell not a mature spermatozoon, and the
presence of both character states (one axoneme and two axonemes) in mature spermatozoa of the
same species is an anomaly. However, during spermiogenesis of Type I and Type II taxa (i.e.,
those with two axonemes in mature spermatozoa) cross-sections may be taken at various levels
in which one or two axonemes are observed. In fact, if cross-sections were taken at different
regions of the developing spermatid in Sène et al.’s fig. 8, a single axoneme would be observed
at some levels and two axonemes would be observed at others. The presence of two axonemes in
a mature spermatozoon would confirm the placement of P. lactuca among Type I or II
spermatozoa. The difference between these two categories is the absence or the presence of a
crested body, respectively (Levron et al. 2010). The crested body has not been reported for P.
lactuca (Sène et al. 1999). Additional studies of mature spermatozoon ultrastructure from
members of the phyllobothriid genera are needed to definitively assign them to the correct
spermatozoon type. In our opinion, placement of the phyllobothriids in the Type IV category is
erroneous and is due to the long association between rhinebothriideans and phyllobothriids.
Further investigation of spermatozoon ultrastructure of phyllobothriids will most likely result in
their placement within the Type I or Type II categories. Being that phyllobothriid
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tetraphyllideans are phylogenetically closely related to onchobothriid tetraphyllideans and
proteocephalideans (Waeschenbach et al. 2007, 2012) and that all bothridiate cestode orders
possess spermatozoon types with crested bodies, it seems plausible that the phyllobothriids will
most likely have Type II spermatozoa. This is a cautionary statement that can only be confirmed
by observing the presence of two axonemes (in cross- and longitudinal-sections) and the
presence of a crested body through a detailed investigation of mature spermatozoa of a positively
identified phyllobothriid tetraphyllidean.
After decades of studies on cestode spermatozoon ultrastructure details on a very small
proportion of species are known. Currently, more than 5,000 species of cestodes have been
described (Caira & Littlewood In press) and mature spermatozoa have been studied for only 124
species (ca. 2.5%). Much of this work has been done in orders such as the Bothriocephalidea,
Caryophyllidea, and Cyclophyllidea (see for example Yoneva et al. 2008, 2009, 2012a; Miquel et al.
2010; Marigo et al. 2012). Spermatozoon ultrastructure of some groups remains dramatically

understudied or unknown. Only a single species each in the Tetrabothriidea (Stoitsova et al.
1995) and Nippotaeniidea has been studied, but the nippotaeniid is not fully understood
(Weekes, unpub. dissertation). The elasmobranch orders Cathetocephalidea and Litobothriidea
have yet to be examined. Though most cyclophyllidean families are represented in the literature,
a mere 2% of total species diversity within the hugely diverse order (ca. 3,000 described species)
has been studied. Concerted efforts, for example in the Caryophyllidea, have attempted to study
spermatozoon diversity across all known families (see for example Yoneva et al. 2011; 2012a,
2012b), however it is accepted that these orders do not represent true phylogenetic relationships
(Olson et al. 2001; Oros et al. 2008). On a whole, the elasmobranch tapeworms remain some of
the most understudied orders in terms of spermatozoon ultrastructure (Cathetocephalidea [0 of 5
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species], Diphyllidea [5 of 70 species], Litobothriidea [0 of 8 species], Lecanicephalidea [2 of
100 species, including this study], Rhinebothriidea [3 of 100 species], Tetraphyllidea [7 of 450
species], Trypanorhyncha [9 of 300 species]). Further attempts at understanding inter-ordinal
diversity of spermatozoon characters should focus on sampling representatives across welldefined families within cestode orders. It would be prudent to continue to study spermatozoon
diversity within speciose groups, especially the grossly underrepresented elasmobranch
tapeworm such as the Cathetocephalidea, Lecanicephalidea, Litobothriidea, Rhinebothriidea, and
phyllobothriid and onchobothriid Tetraphyllidea. Studies such as these will allow for a better
understanding of inter-ordinal character variation. Only with a comprehensive understanding of
character variation will any light begin to be shed on the potential phylogenetic utility of
spermatozoon characters.
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Figure 1. Transmission electron micrographs of mature spermatozoa of Adelobothrium sp. A–H. Cross-sections.
I–L. Longitudinal-sections. A. Anterior part of Region I at the level of the anterior extremity. White arrowheads
indicate anterior spiral structure. B. Region I at level of crested body with singlets; cross-sections of fully formed
axonemes with row of ten parallel cortical microtubules and crested body. C. Region I at level of centriole with
crested body present; fully formed axoneme with cortical microtubules and crested body. D. Region I at level of fully
formed axoneme with parallel cortical microtubules and circular crested body. E. Posterior part of Region I at level
of axoneme with row of parallel cortical microtubules and circular crested body of decreased diameter. F. Region II
showing axoneme and cortical microtubules. Some sections show origin of nucleus. G. Region III at level of the
nucleus; note absence of cortical microtubules. H. Regions IV and V; Region IV showing microtubules of disassociated axoneme and reduced size of nucleus; Region V showing posterior extremity with few microtubules of

198

disassociated axoneme. I. Region I at anterior extremity showing crested body and anterior spiral structure. J.
Region I showing helical crested body, parallel cortical microtubules, and single axoneme. K. Region III showing
helical nucleus and single axoneme. L. Region IV showing nucleus and disassociated axoneme. Abbreviations: AE,
anterior spermatozoon extremity; AS, anterior spiral structure AX, axoneme; CB, crested body; CE, centriole; CM,
cortical microtubules; DA, disassociated axoneme; NU, nucleus; PE, posterior spermatozoon extremity; S, single
microtubules.
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Figure 2. Schematic reconstruction of a mature spermatozoon of Adelobothrium sp. depicting 5 Regions (I–V)
from anterior to posterior. Note: figure not drawn to scale. Abbreviations: AE, anterior spermatozoon extremity;
AS, anterior spiral structure; AX, axoneme; CB, crested body; CE, centriole; CM, cortical microtubules; DA,
disassociated axoneme; NU, nucleus; PE, posterior spermatozoon extremity; S, single microtubules.
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Figure 3. Light microscopy of mature proglottid and scanning electron microscopy of mature spermatozoa of Adelobothrium sp. A–B. Light micrographs. A. Mature proglottid with mature spermatozoa present in well-developed
external seminal vesicle. White box outlines area displayed in Fig. 3B. B. External seminal vesicle containing mature
spermatozoa. Area between white arrowheads corresponds to the region of the spermatozoon with a crested body
(Region I). Area between black arrowheads corresponds to the region of spermatozoon with nucleus (Region III).
Area near grey arrowhead indicates posterior extremity of the spermatozoon (Regions IV–V) and the entrance of the
external seminal vesicle into the cirrus sac. C–E. Scanning electron micrographs. C. Mature spermatozoa with undulating appearance. D. Anterior region of spermatozoa showing helical nature of crested body relative to axoneme. E.
Anterior spiral structure observed at the anterior extremity of the mature spermatozoa. Abbreviations: GP, genital
pore; OV, ovary; UT, uterus.
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CHAPTER 5
TRENDS IN DIVERSITY, HOST ASSOCIATION, AND DISTRIBUTION &
THE FUTURE DIRECTION OF RESEARCH FOR THE
CEPHALOBOTHRIIDAE & LECANICEPHALIDAE.
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Diversity, host association, and distribution of cephalobothriids and lecanicephalids
The contributions of this study, based on the goals outlined in the introduction (Chap. 1)
can be summarized as follows: (1) the genera Cephalobothrium Shipley & Hornell, 1906,
Adelobothrium Shipley, 1900, and Hexacanalis Perrenoud, 1931 were revised and two new
genera, Stoibocephalum and Floriparicapitus, were erected; (2) the first molecular phylogeny for
the Lecanicephalidea was generated; (3) based on that phylogeny, the Cephalobothriidae Pintner,
1928 was resurrected and revised, and the diagnosis and membership of the Lecanicephalidae
Braun, 1900 was revised; (4) a detailed description of spermatozoa for a lecanicephalidean,
Adelobothrium sp., was presented for the first time. These major contributions are each discussed
and placed in a broader framework below including possible future directions of research.
The Lecanicephalidea were recently the focus of thorough revision, marking a pivotal
point for the taxonomic status for members of the group. In her monograph, Jensen (2005)
thoroughly evaluated the validity of all taxa previously affiliated with the Lecanicephalidea. This
resulted in the recognition of 12 genera as valid, more than doubling the number of genera
recognized just a decade prior when Euzet (1994) recognized only five valid genera. In the 12
genera she considered to be valid, Jensen (2005) recognized 70 valid species. An additional nine
genera were considered to be genera inquirenda within the order, collectively accounting for 30
species considered to be species inquirendae (Jensen 2005). Between 2005 and the present study,
four new genera and 25 species have been described (Jensen 2006; Jensen et al. 2011; Khamkar
2011a, 2011b; Koch et al. 2012; Mojica et al. 2013; Pramanik & Manna 2006; Vankara et al.
2006, 2007). The taxonomic focus of the current study was a group of genera of questionable
status centered on the genus Cephalobothrium. As a result of this work, the three previously
questionable genera, Cephalobothrium, Adelobothrium, and Hexacanalis, are now recognized as
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valid and two new genera, Stoibocephalum and Floriparicapitus were erected. Within these five
genera treated in detail in the present study, a total of 12 species are recognized: three species
previously considered to be species inquirendae, four new combinations of species previously
considered to be valid members of other genera, and five species new to science. At the
conclusion of this study, the Lecanicephalidea consists of 21 valid genera and 107 valid species
(see Table I).
Although Cephalobothrium, Adelobothrium, and Hexacanalis are now considered valid
genera within the Lecanicephalidea, another six genera still remain as genera inquirenda
(Anthemobothrium Shipley & Hornell, 1906, Flapocephalus Deshmukh, 1979, Kystocephalus
Shipley & Hornell 1906, Sephenicephalum Shinde, Sarwade & Jadhav, 1980 or 1982 [?],
Staurobothrium Shipley & Hornell 1905, and Thysanobothrium Shipley & Hornell, 1906; see
Jensen 2005). Two of these, Kystocephalus and Staurobothrium, were originally described from
spotted eagle rays in the genus Aetobatus from waters off the coast of India (Shipley & Hornell
1905, 1906). Of the six genera inquirenda in the Lecanicephaildea, these two genera may be
morphologically most similar to Cephalobothrium and Adelobothrium. Much like
Cephalobothrium and Adelobothrium, a limited amount of detail regarding the anatomy of
reproductive organs was presented in the original descriptions of the type species,
Staurobothrium aetobatidis Shipley & Hornell 1905 and Kystocephalus translucens Shipley &
Hornell 1906, and their generic diagnoses (Shipley & Hornell 1905, 1906, respectively). It
appears that the type series’ of these type species were not deposited and were not available for
this study. Both genera have remained monotypic for over 100 years. Specimens resembling
Staurobothrium and Kystocephalus have been found to parasitize specimens of Ae. ocellatus
examined for this study. If in fact these genera constitute distinct lecanicephalidean genera,
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updated generic diagnoses and redescriptions of the type species are needed. The remaining four
genera inquirenda (Anthemobothrium, Flapocephalus, Sephenicephalum, and
Thysanobothrium), superficially appear to be unrelated to Cephalobothrium and Adelobothrium,
and if shown to be valid are likely members of other clades (Anthemobothrium and
Thysanobothrium are similar to Polypocephalus; Flapocephalus is similar to Lecanicephalum). It
is likely that at least these three genera (not including Sephenicephalum) are valid based on
preliminary examination of material collected from their respective type hosts (Jensen 2005).
Again, these genera, if valid are in need of revisions to allow them to become more recognizable
and distinguishable among lecanicephalidean genera.
The species diversity of Cephalobothrium, Adelobothrium, and Hexacanalis as reported
herein is likely to be an underestimate of their actual diversity. With respect to the new genera,
Stoibocephalum and Floriparicapitus, the estimate of known species diversity is probably more
accurately reflected (see Chaps. 2.4, 2.5). Members of Hexacanalis appear to be restricted to the
butterfly ray genus Gymnura (Myliobatiformes: Gymnuridae). Hexacanalis abruptus (Southwell,
1911) Perrenoud, 1931 was reported from Gymnura micrura (Bloch & Schneider) and
Hexcanalis folifer Cielocha & Jensen, 2011 (see Chap. 2.3) was reported from Gymnura zonura
(Bleeker). In search of additional species of Hexacanalis, a single specimen each of Gymnura
australis (from northern Australia) and Gymnura cf. poecilura (from Borneo) were found to be
parasitized by representatives of Hexacanalis (unpublished data). These additional hosts, as well
as the remaining members of Gymnura, should be studied in more detail to gain a better
understanding of species diversity in Hexacanalis. Members of Cephalobothrium and
Adelobothrium appear to be limited to the host genus Aetobatus. This study focused on species of
Cephalobothrium and Adelobothrium from three species of Aetobatus (A. narinari, A. ocellatus,
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and Aetobatus. sp.). However, up to four additional species of Aetobatus exist (Naylor et al.
2012), but they were only superficially examined or not available for study. Preliminary
examination of lecanicephalideans from a single specimen of Aetobatus flagellum (Bloch &
Schneider) from Japan suggests that this host is parasitized by a minimum of two species of
Cephalobothrium. Previously, several specimens of Aetobatus laticeps Gill were examined from
the Gulf of California. Curiously, Cephalobothrium and Adelobothrium were not found to
parasitize this species of Aetobatus (Jensen 2001); in fact not a single lecanicephalidean species
was present in this host species (Jensen, pers. comm.). Naylor et al. (2012) postulated that
specimens of Aetobatus from the Mozambique Channel and from the Persian Gulf near Qatar
may represent two additional species of Aetobatus. Although these species of Aetobatus were not
available for this study. The central position of Aetobatus with respect to lecanicephalidean
diversity is not an artifact of the particular taxonomic focus of this study or sampling effort. In
fact, Aetobatus is parasitized by at least six lecanicephalidean genera. In addition to
Cephalobothrium and Adelobothrium, Aetobatus is known to be parasitized by species of
Tylocephalum, Hornellobothrium, and species representing at least two new genera.
Lecanicephalidean diversity in Aetobatus is particularly high in the Indo-West Pacific. For
example, at least 15 different lecanicephalidean species were found parasitizing Ae. ocellatus
from Borneo, in addition to four species representing other tapeworm orders. This study resulted
in the discovery of at least two species of Cephalobothrium (C. aetobatidis and Cephalobothrium
sp. 1) and one species of Adelobothrium (Ad. aetiobatidis) parasitizing Ae. ocellatus in the IndoWest Pacific; one species of Cephalobothrium (Cephalobothrium sp. 2) and one species of
Adelobothrium (Ad. marsupium) from Ae. narinari in the Atlantic Ocean, and one species of
Cephalobothrium (unpublished data) and one species of Adelobothrium (Adelobothrium n. sp. 1)
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from the new species of Aetobatus from Vietnam. In order to make more accurate assumptions
about species diversity for Cephalobothrium and Adelobothrium parasitizing Aetobatus, the
species of Aetobatus that were not of central focus in this study need to be examined.
Because Cephalobothrium and Adelobothrium show such strong affinity for the genus
Aetobatus (Myliobatiformes: Myliobatidae) it is interesting to consider the other closely related
myliobatid genera as potential hosts, such as members of the genera, Pteromylaeus Garman,
Myliobatis Cuvier, and Aetomylaeus Garman. Interestingly, Cephalobothrium and
Adelobothrium were not found to parasitize the members of these host genera that have been
examined for tapeworms to date. In one of two recognized species of Pteromylaeus, P. bovinus,
examined for lecanicephalideans, only a single species of Aberrapex was found. In five of 11
recognized species of Myliobatis, M. aquila, M. australis, M. californica, M. goodei, and M.
longirostris, only two species (M. californica, M. goodei) were found to be parasitized by
lecanicephalideans in the genus Aberrapex. Representatives of other lecanicephalidean genera
were not found in these hosts. Three of four species of the genus Aetomylaeus were the focus of
a recent study aimed at documenting and describing their lecanicephalidean fauna. This study
resulted in the erection of three new lecanicephalidean genera and six new species and reported
the potential of up to 25 additional species from these hosts (Koch et al. 2012). With this
staggering diversity of lecanicephalideans, Cephalobothrium or Adelobothrium were not found
to parasitize these species of Aetomylaeus.
In general, distribution data for elasmobranch tapeworms are spotty. Distribution data for
lecanicephalideans are no exception. Most species have been reported only once from a single
locality, limiting the utility of the data for complete characterization of faunas of a particular host
or region. As an example, consider the valid members of the Cephalobothriidae,
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Cephalobothrium and Adelobothrium. For Adelobothrium n. sp. 1, distribution data for both
parasite and host are lacking. Adelobothrium n. sp. 1 is only known from a single locality in
Vietnam, as is its host Aetobatus sp., a new species of Aetobatus awaiting description (see
Naylor et al. 2012). For C. aetobatidis, the data presented herein suggests that its distribution is
limited to Sri Lanka and northern Australia. However, given that its host’s distribution also
includes much of Southeast Asia (i.e., Borneo, Taiwan, Thailand, Philippines, Vietnam [Naylor
et al. 2012]) and may extend into the central Pacific to include Hawaii (Richards et al. 2009) it is
likely that this is not an accurate reflection of the tapeworm species distribution. A slightly
different scenario is laid out for Ad. aetiobatidis and Ad. marsupium where the host distributions
are much more reflective of the parasite distributions. The type locality of Ad. aetiobatidis is
from New Caledonia in the west Pacific Ocean, the neotype locality is from northern Australia in
the eastern Indian Ocean, and other putative specimens have been reported from various
localities across Southeast Asia (see Chap. 2.2). For Ad. marsupium, the type locality is in the
Gulf of Mexico and this study postulated the expansion of the range of this species to also
include the Caribbean Sea. Therefore, the reported distributions of Ad. aetobatidis and Ad.
marsupium are much more like the reported distributions of their hosts. However, it is worth
noting that parasite distributions might also be influenced by the range and availability of
intermediate hosts, an aspect that was not explored here.
The distributions of members of the Lecanicephalidae are similarly spotty. Valid
members of Lecanicephalum, Lecanicephalum peltatum Linton, 1890 and Lecanicephalum
coangustatum Jensen, 2005, are only known from the western Atlantic Ocean, off the coast of
the United States. However, the specimens of Lecanicephalum included in the phylogenetic
analyses (Chap. 3) represent specimens from the west Pacific, collected off Taiwan and Japan,
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significantly expanding the distribution of this genus. All known species of Floriparicapitus
(Chap. 2.5) were collected from the eastern Indian and western Pacific region from sawfish and
guitarfish, as were all species of Hexacanalis (Chap. 2.3) collected from butterfly rays.
Stoibocephalum (Chap. 2.4), with only a single described species, is only known from the
sharkray, Rhina ancylostoma (Bloch & Schneider) from the western Pacific Ocean off the coast
of Australia. This host is representative of a monotypic batoid family (Rhinopristiformes:
Rhinidae) occurring across the western Pacific and Indian Oceans from West Africa to eastern
Australia (Last & Stevens 2009). A single additional specimen of R. ancylostoma from Borneo
was found to be parasitized by Stoibocephalum, but host individuals spanning the rest of its
distribution were not available to study. Although the genus Tylocephalum appears to be much
more broadly distributed, with reports from the northeastern Atlantic, southeastern Atlantic,
Indian, and western Pacific Oceans, individual species distributions are limited to single
occurrence points. For these lecanicephalidean species, and cestodes in general, species
distributions often represent a snapshot of the hosts’ distribution and is usually confounded by
the host being sampled from a single location at a single point in time, ultimately limiting our
picture of the true species distribution for these lecanicephalideans.

Recognition of Lecanicephalidean Families
The family-level classification of genera in the Lecanicephalidea was significantly
lagging behind the generic diversity now recognized in the order. Since 1994, nine new genera
have been erected (one by Caira et al. 1997; four by Jensen 2001; one by Jensen et al. 2011; and
three by Koch et al. 2012) of which only one has been formally placed in a family. Jensen et al.
(2011) recognized Sesquipedalapex Jensen, Nikolov, & Caira, 2011 as a member of the
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Anteroporidae alongside Anteropora. The remaining genera exhibit scolex and proglottid
morphologies inconsistent with those given in the existing familial diagnoses. Furthermore,
Jensen (2005) recognized Hornellobothrium Shipley & Hornell, 1906 and Eniochobothrium
Shipley & Hornell, 1906 as valid members of the order, though these were not placed in one of
the families recognized by Euzet (1994). A phylogenetic hypothesis of inter-generic relationships
was necessary to establish familial boundaries in light of the new forms exhibited by all 21
genera currently recognized.
One of the primary goals of this study was to generate the first preliminary molecular
phylogeny for the Lecanicephalidea. In this study, sequence data generated for four genes or
gene regions (18S, partial 28S, 16S, and partial Cox1) were used to investigate relationships of
many of the lecanicephalidean genera. Of the now 21 valid genera, representatives of 13 were
included in this molecular phylogeny with a specific focus on representatives of taxa associated
with the groups treated in detail in this study and those recognized by Euzet (1994) as a
framework for the order. Maximum parsimony (MP) and maximum likelihood (ML) methods
were used to infer relationships among these 13 genera. The results showed consistent support
for a clade solely comprising Cephalobothrium and Adelobothrium, and thus the
Cephalobothriidae was resurrected. A clade consisting of the two new genera proposed in this
dissertation (Stoibocephalum and Floriparicapitus, see Chaps. 2.4 and 2.5) and Lecanicephalum
Linton, 1890, Tylocephalum Linton, 1890, and Hexacanalis Perrenoud, 1931 was also
consistently recovered with high support. Based on the membership of this clade, the
Lecanicephalidae is the most appropriate family name for this clade. The Lecanicephalidae was a
family recognized by Euzet (1994), albeit with much more restricted membership.
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Though not a goal of this study, it is important to note that other lecanicephalidean
families recognized by Euzet (1994) are also in need of reevaluation. The Polypocephalidae and
Anteroporidae as circumscribed by Euzet (1994) were not recovered, rather a clade consisting of
Polypocephalus, Anteropora, and Hornellobothrium (not placed in a family by Euzet [1994]),
was consistently recovered with high support. The family designation for this clade needs to be
investigated more thoroughly. The Tetragonocephalidae, which Euzet (1994) circumscribed as
Tetragonocephalum Shipley & Hornell, 1905 and Tylocephalum, was never recovered, as
Tylocephalum was always included in a clade with Lecanicephalum as a member of the
Lecanicephalidae and Tetragonocephalum was always recovered in a clade by itself. In addition,
the placement of Eniochobothrium Shipley & Hornell, 1906 was inconsistent among different
datasets, but from the results of this study it is inconclusive if it should be grouped with the
aforementioned taxa or as a distinct lineage. Finally, the most basal lecanicephalidean was
represented by the genus Paraberrapex Jensen, 2001. This is one of several genera that has never
before been placed at the family-level. Its position as sister to all other lecanicephalideans is
supported by morphological features. All lecanicephalideans possess an apical organ with the
exception of Paraberrapex and Aberrapex Jensen, 2001 (not included in the phylogenetic
analyses) which lack an apical organ (Jensen 2001). The recognition of Paraberrapex or
Paraberrapex and Aberrapex as an independent lineage(s) should be confirmed in a more
comprehensive analysis including representatives of the genera missing from the current study.
Interesting conclusions regarding host association of members of the Cephalobothriidae
and Lecanicephalidae can be drawn. The Cephalobothriidae, composed of Adelobothrium and
Cephalobothrium, appear to show extremely high host specificity with species of these genera
presumably limited to hosts in the genus Aetobatus (Myliobatiformes: Myliobatidae) (see
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discussion above). On the other hand, host associations in the Lecanicephalidae, overall, appear
to be relatively broad with members parasitizing hosts in several families in the Myliobatiformes
(Myliobatidae, Dasyatidae, Rhinopteridae) and Rhinopristiformes (Pristidae, Rhinobatidae,
Rhynchobatidae). At the generic level in the Lecanicephalidae, host associations can be rather
narrow or as broad as those described for the family. For example, valid members of
Lecanicephalum and those included in the phylogenetic analyses only parasitize stingrays in the
genus Dasyatis Rafinesque (Myliobatiformes: Dasyatidae; see Linton 1890; Jensen 2005).
Members of Tylocephalum have been reported from cownose rays (Myliobatiformes:
Rhinopteridae; see Linton 1890; Campbell & Williams 1984; Ivanov & Campbell, 2000), eagle
rays (Myliobatiformes: Myliobatidae; see Southwell 1925; Pramanik & Manna 2007), guitarfish
(Rhinopristiformes: Rhinobatidae; see Subhapradha 1955), wedgefish (Rhinopristiformes:
Rhynchobatidae; see Subhapradha 1955, Jensen 2005), and even some sharks including an
angelshark (Squatiniformes: Squatinidae; see Yamaguti, 1934) and requiem sharks
(Carcharhiniformes: Carcharinidae; see Pramanik & Manna, 2007). However, based on literature
records of several species of Tylocephalum it is plausible that some of these species are
inconsistent with the generic diagnosis. Tylocephalum represents the second largest nominal
genus in the Lecanicephalidea and members of the genus have not been the subject of a recent
comprehensive revision. Jensen (2005) updated the generic diagnosis and described a new
species (T. koenneckeorum Jensen, 2005) but did not address the validity of several other
nominal taxa; six species have been placed in the genus since her monograph (Pramanik &
Manna 2007). At this point, Tylocephalum represents a diverse assemblage of taxa and in the
future a detailed and updated diagnosis is needed in order to definitively say whether or not
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members of this genus truly have such catholic host associations or if the host associations are
narrower.

Novel morphological features
A comprehensive treatment of taxa in this study using data from whole worms,
histological sections, and data obtained with SEM allowed for the detection of putative
morphological synapmophies not previously studied in the Lecanicephalidea in a comprehensive
framework. The number of excretory vessels is one such feature. Most lecanicephalideans have
two pairs, as do members of other elasmobranch tapeworms. Prior to this study, the report of
three pairs of excretory vessels (e.g., in Hexacanalis by Perrnoud [1931]) was often thought to be
an anomaly (see Chap. 2.3 and citations therein) only present in Hexacanalis abruptus
(Southwell, 1911) Perrenoud, 1931, and it was thought to not be significant enough for
recognition as a genus-level character (Campbell & Williams 1984). However, in this study, not
only was the presence of three pairs of excretory vessels confirmed for H. abruptus, but also
documented for a new species of that genus, Hexacanalis folifer (Chap. 2.3). Furthermore, all
members of the two new genera, Stoibocephalum and Floriparicapitus (Chaps. 2.4 and 2.5),
were found to have three pairs of excretory vessels. It was postulated that this morphological
feature might serve as a putative synapomorphy lending support for the close phylogenetic
relationship among these genera. While all three genera are members of the Lecanicephalidae,
they do not appear to be each other’s closest relatives. However, the disposition of excretory
vessels of the other two members of this clade, Lecanicephalum and Tylocephalum, is not
straight forward. Most species of Tylocephalum are described as possessing two pairs of
excretory vessels (4 total). The number of excretory vessels exhibited by representatives of
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Tylocephalum included in the phylogenetic analyses however is not without controversy. Jensen
(2005) may have observed more than two pairs for T. koenneckeorum and additional crosssections of this species were inconclusive, the presence of more than two pairs of excretory
vessels cannot be ruled out (see Chap. 2.4). In addition, cross-sections of Tylocephalum cf.
campanulatum actually showed the presence of four pairs of excretory vessels. Further crosssections of Lecanicephalum are needed to confirm the presence of only a single pair of excretory
vessels as reported for L. peltatum Linton, 1890 and L. coangustatum Jensen, 2005 (see Jensen
2005). While the number of excretory vessels may be variabile among members of the
Lecanicephalidae, it did not vary in members of the Cephalobothriidae. Cephalobothrium and
Adelobothrium each consistently only possess two pairs of excretory vessels.
Further studies are needed to better understand the potential phylogenetic utility of
morphological features such as the number of excretory vessels. Largely, members of
Lecanicephalum and Tylocephalum should be examined in order to validate this as a potential
synapomorphy for the Lecanicephalidae. The fact that some members of Tylocephalum (i.e., T.
koenneckeorum from Rhynchobatus cf. laevis; see Jensen 2005; Chap. 2.4) may possess more
than two pairs of excretory vessels, while other members of Tylocephalum from disparate
localities and distantly related hosts may only have two pairs of excretory vessels (i.e.,
Tylocephalum brooksi from Rhinoptera bonasus; see Ivanov & Campbell 2000) further
substantiates the need for a revision of this eclectic genus.
Features of spermatozoon ultrastructure have been used in the past to infer phylogenetic
relationship of cestode orders (see Euzet et al. 1981; Hoberg et al. 1997; Justine 1998, 2001;
Levron et al. 2010). Prior to this study, the full characterization of lecanicephalidean
spermatozoa was almost completely lacking. Spermatozoon ultrastructure has been described for
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representatives of nearly every other cestode order (except the small orders Cathetocephalidea
and Litobothriidea). Previously, spermatozoa had only been partially characterized for a single
lecanicephalidean species (Justine 2001). However, this study did not describe in detail the
specifics of the mature spermatozoon, nor were transmission electron micrographs presented. In
the present study, not only was the spermatozoon fully described using longitudinal and crosssections observed with transmission electron microscopy (TEM), but also with scanning electron
microscopy (SEM), a technique only rarely employed when describing spermatozoon features
(see for example MacKinnon & Burt 1984). Serial sectioning at 50 µm intervals along a length
of ca. 200 µm of the external seminal vesicle allowed for the visualization of spermatozoa along
nearly the entire length. In addition, it allowed for the interpretation of spermatozoon orientation
in the proglottid, such that spermatozoa exit the cirrus with the nuclear portion first. This
orientation was confirmed with light microscopy. Most importantly, this study of spermatozoon
ultrastructure led to the discovery of a novel feature, not previously reported for cestode
spermatozoa. This feature, the anterior spiral structure, is located at the anterior extremity of the
spermatozoon and was observed with TEM and SEM. The function is yet unknown, but it is
possible that it is useful in propulsion of the spermatozoon. Additional studies are needed to
determine if this feature is common among lecanicephalidean spermatozoa or unique to the
species studied herein.
Though the spermatozoon ultrastructure for Adelobothrium sp. has now be fully
characterized, it remains the single lecanicephalidean species for which this data is available.
Future studies should investigate the consistency and potential variation of spermatozoon
characters across major lecanicephalidean lineages, especially in light of previous hypotheses
suggesting that spermatozoon characters may have some phylogenetic utility. Results, though
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very preliminary, from studies of spermatozoa of Cephalobothrium sp. are similar to those
obtained from Adelobothrium sp., suggesting consistency across the Cephalobothriidae.
However, preliminary results investingating spermatozoon ultrastructure of a species of
Flapocephalus, a possible relative of Lecanicephalum, show distinct differences in spermatozoon
features (unpublished data). Further studies of lecanicephalidean spermatozoa are warranted in
order to document the potential variation of spermatozoon ultrastructural features across the
Lecanicephalidea.

Conclusions
At the onset of this study, the validity of numerous lecanicephalidean genera was in
question. Now, three of these are recognized as distinct members of the Lecanicephalidea,
Cephalobothrium, Adelobothrium, and Hexacanalis. Ongoing collecting efforts of
elasmobranchs and their tapeworms across Southeast Asia and northern Australia have led to the
discovery and erection of two new genera, Stoibocephalum and Floriparicapitus. The order,
which just a decade ago consisted of twelve genera and 70 species has grown exceedingly fast
since Jensen’s (2005) monograph on the Lecanicephalidea. Now 21 genera and 107 species are
recognized, of which this study contributed to the addition of five genera and eleven species (Ad.
marsupium was previously considered valid in the genus Tylocephalum) (Table I). With this
rapid increase in the amount of recognized diversity, knowledge of family-level relationships
within the Lecanicephalidea became severely outdated with numerous genera never being placed
at the family-level. This study generated the first molecular phylogeny of the order which
included representatives of 13 genera. The results of this phylogeny strongly supported the
resurrection of the Cephalobothriidae and the revised diagnosis of the Lecanicephalidae. With
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the discovery of new genera and recognition of several previously described genera as valid,
newly recognized morphological features with putative phylogenetic value have been
discovered. Members of three genera are now known to possess three pairs of excretory vessels,
a character which had previously been questioned as real. In addition, the first investigation of
spermatozoon characters for a member of the Cephalobothriidae was conducted. This was the
first detailed study describing spermatozoon characters for a lecanicephalidean and it ultimately
led to the discovery of a feature previously never before reported for cestode spermatozoa.
At the conclusion of this study much progress has been made towards recognizing and
understanding family-level relationships of the Cephalobothriidae and Lecanicephalidae. New
genera and new species with novel morphological features have been described. Additional work
is needed to further resolve the phylogenetic relationships of the remaining members of the
order. Genera such as Tylocephalum are in need of revision. The future of taxonomy and
systematics in the Lecanicephalidea lies in gaining a better understanding of these family-level
relationships and the continued discovery and description of unique forms especially from hosts
from understudied regions or hosts that remain currently unexamined.
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Table I. Lecanicephalidean genera and species considered valid at the conclusion of this study
Aberrapex Jensen, 2001
Aberrapex arrhynchum (Brooks, Mayes & Thorson, 1981) Jensen, 2001
Aberrapex manjajiae Jensen, 2006
Aberrapex senticosus Jensen, 2001*
Aberrapex weipaensis Koch, Jensen & Caira, 2012
Adelobothrium Shipley, 1900
Adelobothrium aetiobatidis Shipley, 1900*
Adelobothrium marsupium (Linton, 1916) Cielocha, 2013 n. comb.
Anteropora Subhaprada, 1955
Anteropora cubus Mojica, Jensen & Caira, 2013
Anteropora glandapiculis Mojica, Jensen & Caira, 2013
Anteropora indica Subhapradha, 1955*
Anteropora japonica (Yamaguti, 1934) Euzet, 1994
Anteropora joannae Mojica, Jensen & Caira, 2013
Anteropora klausmamorphi Jensen, Nikolov & Caira, 2011
Anteropora leelongi Jensen, 2005
Anteropora patulobothridium Mojica, Jensen & Caira, 2013
Anteropora pumilionis Mojica, Jensen & Caira, 2013
Cephalobothrium Shipley & Hornell, 1906
Cephalobothrium aetobatidis Shipley & Hornell, 1906*
Collicocephalus Koch, Caira & Jensen, 2012
Collicocephalus baggioi Koch, Caira & Jensen, 2012*
Corrugatocephalum Caira, Jensen & Yamene, 1997
Corrugatocephalum ouei Caira, Jensen & Yamene, 1997*
Elicilacunosus Koch, Jensen & Caira 2012
Elicilacunosus dharmadii Koch, Jensen & Caira, 2012
Elicilacunosus fahmii Koch, Jensen & Caira 2012
Elicilacunosus sarawakensis Koch, Jensen & Caira, 2012*
Eniochobothrium Shipley & Hornell, 1906
Eniochobothrium euaxos Jensen, 2005
Eniochobothrium gracile Shipley & Hornell, 1906*
Eniochobothrium qatarense Al Kawari, Saoud & Wanas, 1994
Floriparicapitus Cielocha, 2013 n. gen.
Floriparicapitus juliani Cielocha, 2013 n. sp.*
Floriparicapitus euzeti Cielocha, 2013 n. sp.
Floriparicapitus chordacistus Cielocha, 2013 n. sp.
Floriparicapitus variabile (Southwell, 1911) Cielocha, 2013 n. comb.
Floriparicapitus rhinobatidis (Subhapradha, 1955) Cielocha, 2013 n. comb.
Healyum Jensen, 2001
Healyum harenamica Jensen, 2001*
Heaylum pulvis Jensen, 2001
Hexacanalis Perrenoud, 1931
Hexacanalis abruptus (Southwell, 1911) Perrenoud, 1931*
Hexacanalis ashae Khamkar, 2011
Hexacanalis folifer Cielocha & Jensen, 2011 n. sp.
Hexacanalis pteroplateae (Zaidi & Khan, 1976) Cielocha & Jensen, 2011 n. comb.
Hornellobothrium Shipley & Hornell, 1906
Hornellobothrium cobraformis Shipley and Hornell, 1906*
Hornellobothrium extensivum Jensen, 2005
Lecanicephalum Linton, 1890
Lecanicephalum coangustatum Jensen, 2005
Lecanicephalum peltatum Linton, 1890*
Lecanicephalum xiamenensis Yang, Lui & Lin, 1995
Paraberrapex Jensen, 2001
Paraberrapex manifestus Jensen, 2001*
Polypocephalus Braun, 1878
Polypocephalus affinis Subhapradha, 1951
Polypocephalus alii Shinde & Jadhav, 1981
Polypocephalus bombayensis Shinde, Dhule & and Jadhav, 1991
Polypocephalus caribbensis (Gardner & Schmidt, 1984) Jensen, 2005
Polypocephalus coronatus Subhapradha, 1951
Polypocephalus digholensis Deshmukh, Jadhav & Shinde, 1982
Polypocephalus djeddensis Jadhav & Shinde, 1989
Polypocephalus elongatus (Southwell, 1912) Jensen, 2005

(Polypocephalus cont'd)
Polypocephalus helmuti Jensen, 2005
Polypocephalus himanshui Pramanik & Manna, 2006
Polypocephalus indicus Deshmukh, Jadhav & Shinde, 1982
Polypocephalus karbharii Deshmukh, Jadhav & Shinde, 1982
Polypocephalus katpurensis Shinde & Jadhav, 1981
Polypocephalus kuhlii Vankara, Vijaya Lakshmi &Vijaya Lakshmi, 2006
Polypocephalus lintoni Subhapradha, 1951
Polypocephalus maharashtra Deshmukh, Jadhav & Shinde, 1982
Polypocephalus medusia (Linton, 1890) Southwell, 1925
Polypocephalus moretonensis Butler, 1987
Polypocephalus prathibhai Deshmukh, Jadhav & Shinde, 1982
Polypocephalus radiatus Braun, 1878*
Polypocepyhalus ratnagiriensis Jadhav, Shinde & Sarwade, 1986
Polypocephalus rhinobatidis Subhapradha, 1951
Polypocephalus rhynchobatidis Subhapradha, 1951
Polypocephalus saoudi Hassan, 1982
Polypocephalus singhii Shinde & Jadhav, 1981
Polypcephalus thapari Shinde & Jadhav, 1981
Polypocephalus vesicularis Yamaguti, 1960
Polypocephalus visakhapatnamensis Vankara, Vijaya Lakshmi &Vijaya Lakshmi, 2007
Polypocephalus vitellaris Subhapradha, 1951
Quadcuspibothrium Jensen, 2001
Quadcuspibothrium francisi Jensen, 2001*
Rexapex Koch, Jensen & Caira 2012
Rexapex nanus Koch, Jensen & Caira 2012*
Sesquipedalapex Jensen, Nikolov & Caira, 2011
Sesquipedalapex comicus Jensen, Nikolov & Caira, 2011*
Stoibocephalum Cielocha, 2013 n. gen.
Stoibocephalum afaruense Cielocha, 2013 n. sp.*
Tetragonocephalum Shipley & Hornell, 1905
Tetragonocephalum alii Deshmukh & Shinde, 1979
Tetragonocephalum aurangabadensis Shinde & Jadhav, 1990
Tetragonocephalum bhagawatii Shinde, Mohekar & Jadhav, 1985
Tetragonocephalum madhulatae (Andhare & Shinde, 1994) Jensen, 2005
Tetragonocephalum madrasensis (Andhare & Shinde, 1994) Jensen, 2005
Tetragonocephalum panjiensis Khamkar, 2011
Tetragonocephalum passeyi Jensen, 2005
Tetragonocephalum raoi Deshmukh & Shinde, 1979
Tetragonocephalum ratnagiriensis Shinde & Jadhav, 1990
Tetragonocephalum sephensis Deshmukh & Shinde, 1979
Tetragonocephalum shipleyi Shinde, Mohekar & Jadhav, 1985
Tetragonocephalum simile (Pintner, 1928) Ivanov & Campbell, 2000
Tetragonocephalum trygonis Shipley & Hornell, 1905*
Tetragonocephalum uarnak (Shipley & Hornell, 1906) Pintner, 1928
Tetragonocephalum yamagutii Muralidhar, 1988
Tylocephalum Linton, 1890
Tylocephalum bonasum Campbell & Williams, 1984
Tylocephalum brooksi Ivanov & Campbell, 2000
Tylocephalum campanulatum Butler, 1987
Tylocephalum choudhurai Pramanik & Manna, 2007
Tylocephalum dasguptai Pramanik & Manna, 2007
Tylocephalum elongatum Subhapradha, 1955
Tylocephalum girindrai Pramanik & Manna, 2007
Tylocephalum haldari Pramanik & Manna, 2007
Tylocephalum koenneckeorum Jensen, 2005
Tylocephalum krisnai Pramanik & Manna, 2007
Tylocephalum mukundai Pramanik & Manna, 2007
Tylocephalum pandurangi Shinde & Mahajan, 1994
Tylocephalum pingue Linton, 1890*
Tylocephalum rhinobatii (Deshmukh, 1980) Jensen, 2005
Tylocephalum singhii Jadhav & Shinde, 1981
Tylocephalum squatinae Yamaguti, 1934
Tylocephalum yorkei Southwell, 1925

* Indicates type species.
Taxa in bold were treated in this study.
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