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Abstract: Three genera of rhinebothriideans, previously referred to as New genus 1, New genus 2 and New genus 4, are erected in the
the Anthocephaliidae. New genus 1 is established as Divaricobothrium gen. n., with Divaricobothrium tribelum sp. n. as its type spe-
cies; Echeneibothrium trifidum Shipley et Hornell, 1906 is transferred to the genus as Divaricobothrium trifidum (Shipley et Hornell,
1906) comb. n. This genus is unique among rhinebothriidean genera in bearing bothridia that are posteriorly deeply divided into two
lobes with facial loculi but no apical sucker, and a vagina that extends to near the anterior margin of the proglottid. Its species parasitise
Indo-Pacific members of the genera Brevitrygon Last, Naylor et Manjaji-Matsumoto, Maculabatis Last, Naylor et Manjaji-Matsu-
moto and Pateobatis Last, Naylor et Manjaji-Matsumoto. New genus 2 is established as Barbeaucestus gen. n., with Barbeaucestus
Jjockuschae sp. n. as its type species; Barbeaucestus ralickiae sp. n. is also described. Anthobothrium sexorchidum Williams, 1964 and
Rhinebothrium shipleyi Southwell, 1912 are transferred to the genus as Barbeaucestus sexorchidus (Williams, 1964) comb. n. and
Barbeaucestus shipleyi (Southwell, 1912) comb. n., respectively. This genus is unique among rhinebothriidean genera in that its both-
ridia are substantially wider than long, bear an apical sucker and at least one row of two or more facial loculi in their anterior half. Its
species parasitise the genera Neotrygon Castelnau and Taeniura Miiller et Henle. New genus 4 is established as Sungaicestus gen. n.
with transfer of Rhinebothrium kinabatanganensis Healy, 20006, as Sungaicestus kinabatanganensis (Healy, 2006) comb. n., as its type
species. Among the genera of its order, this genus most closely resembles Rhinebothrium Linton, 1890, however, despite the original
description, the bothridia were found to bear, rather than lack, apical suckers. This monotypic genus is known only from the freshwater
stingray Urogymnus polylepis (Miiller et Henle). The familial diagnosis of the Anthocephaliidae Ruhnke, Caira et Cox, 2015 is emend-
ed. The family now houses five genera.
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In her dissertation treating the systematics of Rhine-
bothrium Linton, 1890 and its relatives, Healy (2006a)
described, but did not formally name, four new genera of
rhinebothriidean tapeworms. Data beyond the substantial
morphological and preliminary molecular evidence she
originally presented attesting to the unique nature of all
four genera have continued to accumulate since that time.
All subsequent more expanded molecular phylogenetic
studies including these genera have supported their nov-
elty (Healy et al. 2009, Caira et al. 2014, Ruhnke et al.
2015, Marques and Caira 2016). As recommended by Ar-
ticle 8 of the ICZN (1999), Healy (2006a) disclaimed the
names she proposed for these taxa in her dissertation. As
a consequence, they have been referred to in the molecular
studies cited above with the informal names: New genus 1,
New genus 2, New genus 3 and New genus 4. Reyda et

al. (2016) recently erected Stillabothrium Healy et Rey-
da, 2016 in the family Escherbothriidae Ruhnke, Caira et
Cox, 2015 for New genus 3. Here we erect the anthoce-
phaliid genera Divaricobothrium gen. n. for New genus 1,
Barbeaucestus gen. n. for New genus 2 and Sungaicestus
gen. n. for New genus 4 for three novel species and four
previously described species transferred to these genera.

MATERIALS AND METHODS

Each of the three new species described here was found para-
sitising a different species of stingray in the coastal waters of Bor-
neo. The host specimens from which these species were collected
are as follows:

Neotrygon orientale Last, White et Séret (= Neotrygon kuhlii
1 of Naylor et al. 2012): 1 male and 1 female (disk width [DW]
23 cm and 30 cm; BO-336 and BO-338, respectively) collected
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28 April 2004 in the South China Sea off Kuching (02°30'07"N;
110°40'17"E), Sarawak, Malaysia and 1 female (DW 29 cm; BO-
321) collected 27 May 2003 in the South China Sea off Pulau
Balambangan (07°16'29"N; 116°56'25"E), Sabah, Malaysia.

Taeniura lymma 1 sensu Naylor et al. (2012): 2 males and
1 female (DW 16 cm, 23 cm and 24 cm; BO-123, BO-130 and
BO-128, respectively) collected 5 May 2003 in the Celebes Sea
off Pulau Mabul (04°14'44"N; 118°37'53"E), Sabah, Malaysia,
1 female (DW 24 cm; BO-80) collected 25 June 2002 off Kunak
(04°4120"N; 118°15'23"E) and 1 female (DW 21 cm; BO-86)
collected 27 June 2002 off Semporna (04°28'44"N; 118°37'01"E),
both in the Celebes Sea, Sabah, Malaysia, and 1 male (DW
29 cm; KA-419) collected 25 July 2005 in the Sulawesi Sea off
a reef near Pulau Rabu Rabu (02°19'05"N; 118°07'25"E), East
Kalimantan, Indonesia.

Maculabatis gerrardi (Gray) (as Himantura cf. gerrardi 2
sensu Naylor et al. 2012): 1 male (DW 62 cm; BO-23) collected
3 June 2002 in the South China Sea off Sematan (01°48'15"N;
109°46'47"E), Sarawak, Malaysia, 1 female (DW 62; BO-88) col-
lected 28 June 2002 in the Celebes Sea off Tawau (04°14'34"N;
117°53'01"E), Sabah, Malaysia and 1 female (DW 39 cm; BO-
158) collected 14 May 2003 in the South China Sea off Sematan
(01°48'15"N; 109°46'47"E), Sarawak, Malaysia.

The identities of all specimens of Neotrygon orientale (i.e.
BO-321, BO-336 and BO-338), 4 of the 6 specimens of Taeniura
lymma 1 (i.e. BO-123, BO-128, BO-130 and KA-419), and 2 of
the 3 specimens of Maculabatis gerrardi (i.e. BO-158 and BO-
23) were confirmed (J.N.C., K.J. and H. Ralicki, University of
Connecticut, Storrs, Connecticut, USA — pers. comm.). Additional
information for and images of all host specimens are available in
the Global Cestode Database (http://elasmobranchs.tapewormdb.
uconn.edu) using the host specimen Collection Codes and Col-
lection Numbers (e.g. BO-321). In each case, the body cavity
was opened with a mid-ventral incision and the spiral intestine
was removed and opened with a longitudinal incision. A subset
of worms found was fixed in 10% formalin buffered in seawater;
another subset was removed and fixed in 95% ethanol. The spiral
intestine and the remaining worms were fixed in 10% formalin
buffered in seawater. All formalin-fixed samples were transferred
to 70% ethanol for storage after approximately 2 weeks.

Whole mounts were prepared according to standard tech-
niques: specimens were hydrated in distilled water, stained with
Delafield’s hematoxylin, differentiated in tap water, destained in
70% acid ethanol, alkalinised in 70% basic ethanol, dehydrated in
a graded ethanol series, cleared in methyl salicylate, and mounted
in Canada balsam on glass slides under coverslips.

Specimens were prepared for scanning electron microscopy
(SEM) as follows. They were hydrated in a graded ethanol series,
post-fixed in 1% osmium tetroxide overnight, washed in distilled
water, dehydrated in a graded ethanol series, transferred to hex-
amethyldisilizane for 20 min, air-dried and mounted on alumi-
num stubs on double-sided adhesive carbon tape. Specimens were
sputter-coated with ~20-30 nm of gold/palladium and examined
with a Nova NanoSEM 450 field emission scanning electron mi-
croscope at the Bioscience Electron Microscopy Laboratory at
the University of Connecticut, Storrs, Connecticut, USA.

All measurements are given in micrometres (m) unless other-
wise stated and are presented as the range followed in parentheses
by the mean, standard deviation and number of worms examined.
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Internal organ measurements are presented for the terminal pro-
glottid only. Number and dimensions of testes, and dimensions
of vitelline follicles were averaged within individuals. Images
of specimens were taken with a SPOT Flex Camera mounted on
a Zeiss Axioskop 2 Plus compound microscope and morphomet-
ric data were generated from these images using Wormbox v. 1.0
(https://github.com/nelas/WormBox) in ImageJ. Line drawings
were prepared with the aid of a camera lucida attached to a Zeiss
Axioskop 2 Plus compound microscope. Microthrix terminology
follows Chervy (2009). Elasmobranch taxonomy follows Naylor
et al. (2012) and Last et al. (2016a,b).

Museum abbreviations used are as follows: BMNH, Natural
History Museum, London, UK; IPCAS, Institute of Parasitolo-
gy, Biology Centre of the Czech Academy of Sciences, Ceské
Budgjovice, Czech Republic; LRP, Lawrence R. Penner Para-
sitology Collection, Department of Ecology and Evolutionary
Biology, University of Connecticut, Storrs, Connecticut, USA;
MZB, Museum Zoologicum Bogoriense, Centre for Biology, In-
donesian Institute of Science, Cibinong, Jakarta-Bogor, Java, In-
donesia; MZUM(P), Muzium Zoologi, Universiti Malaya, Kuala
Lumpur, Malaysia; SBC, Sarawak Biodiversity Centre, Kuching,
Sarawak, Malaysia; SAM, South Australian Museum, Adelaide,
South Australia, Australia; USNM, National Museum of Natural
History, Smithsonian Institution, Washington, D.C., USA.

A loculus formula was developed for species of Barbeauces-
tus gen. n. to facilitate comparison of locular configurations
across species of the new genus. The formula is presented as:
(A)(C)(P), where A represents the number of loculi in the anteri-
or-most row, C represents the number of loculi in the central row
and P represents the number of loculi in the posterior-most row.
If more than a single central row of loculi is present, C is given
as a series of numbers separated by slashes. Thus (1)(4/6/6)(4)
indicates a bothridium that bears a single loculus in the anteri-
or-most row, 3 central rows with 4, 6 and 6 loculi, respectively,
and a posterior-most row with 4 loculi.

RESULTS
Barbeaucestus gen. n.

ZooBank number for genus:
urn:1sid:zoobank.org:act: DE12E22E-B018-4DE7-AF6F-5943C06BD768

Informal synonym: New genus 2 of Healy et al. (2009),
Caira et al. (2014), Ruhnke et al. (2015) and Marques and
Caira (2016)

Diagnosis. Rhinebothriidea; Anthocephaliidae Ruhnke,
Caira et Cox, 2015. Worms craspedote, euapolytic. Scolex
with 4 bothridia and relatively short cephalic peduncle;
myzorhynchus absent. Bothridia stalked, wider than long,
with apical sucker and facial loculi; bothridial margins
with thin velum. Loculi arranged in 3-5 rows; loculi of
central row longer than loculi of anterior and posterior
rows. Mature proglottids longer than wide. Testes numer-
ous, arranged in 2—4 irregular columns anterior to cirrus
sac. Vas deferens extending anteriorly from level of ovar-
ian isthmus to enter cirrus sac at anterior margin, not ex-
panded to form external seminal vesicle. Genital pores lat-
eral, irregularly alternating; genital atrium shallow. Cirrus
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sac thin-walled, tilted posteriorly, containing coiled cirrus;
cirrus armed with spinitriches. Vagina sinuous, extending
from ootype along midline of proglottid to anterior mar-
gin of cirrus sac, then laterally to open into genital atrium
anterior to cirrus sac; vaginal sphincter absent; seminal
receptacle not observed. Ovary H-shaped in frontal view,
tetralobed in cross section; ovarian margins lobulate. Vi-
tellarium follicular; follicles distinctly wider than long,
in 2 lateral bands; each band consisting of 2—4 columns
of follicles, extending length of proglottid, interrupted by
terminal genitalia, may be partially interrupted by ovary.
Uterus median, ventral, sacciform, extending from ovarian
isthmus to anterior margin of proglottid. Excretory vessels
4, arranged in 1 dorsal and 1 ventral pair on each lateral
margin of proglottid. Parasites of Dasyatidae (Myliobati-
formes), Indo-Pacific Ocean.

Type species: Barbeaucestus jockuschae gen. n. et sp. n.

Additional species: Barbeaucestus ralickiae sp. n.,
Barbeaucestus sexorchidus (Williams, 1964) comb. n., and
Barbeaucestus shipleyi (Southwell, 1912) comb. n.

Etymology: This genus honours Elizabeth Barbeau for her
outstanding and tireless efforts to facilitate and support ces-
tode work across the globe.

Remarks. Barbeaucestus gen. n. is unique among rhine-
bothriidean genera in its possession of bothridia that are
conspicuously wider than long and bear an apical sucker as
well as at least one row of two or more facial loculi in their
anterior half. Barbeaucestus conspicuously differs further
from Clydonobothrium Euzet, 1959, Echeneibothrium
van Beneden, 1850, Notomegarhynchus Ivanov et
Campbell, 2002, Phormobothrium Alexander, 1963,
Pseudanthobothrium Baer, 1956 and Tritaphros Lonnberg,
1889 in lacking a myzorhynchus in the adult form. It can
further be distinguished from Biotobothrium Tan, Zhou et
Yang, 2009, Crassuseptum Eyring, Healy et Reyda, 2012,
Rhinebothrium, Rhinebothroides Mayes, Brooks et Thor-
son, 1981, Rhodobothrium Linton, 1890, Scalithrium Ball,
Neifar et Euzet, 2003 and Spongiobothrium Linton, 1889
in its possession, rather than lack, of an apical sucker on
each bothridium. In this respect the new genus also differs
from Zyxibothrium Hayden et Campbell, 1981, although
the status of the latter genus as a rhinebothriidean remains
uncertain.

Despite the fact that the bothridia of Rhabdotobothrium
Euzet, 1953 were not formally described to bear apical
suckers (see Euzet 1953), evidence of this feature in the
genus is mounting (e.g. see fig. 14 in Healy et al. 2009).
However, Rhabdotobothrium possesses bothridia that are
horizontally divided into well over five, rather than 3-5,
rows of loculi and possesses, rather than lacks, post-vaginal
testes. The lack of marginal loculi throughout the perim-
eter of the bothridia further distinguishes Barbeaucestus
from Anindobothrium Marques, Brooks et Lasso, 2001,
Anthocephalum Linton, 1890 and Cairaeanthus Kornyush-
in et Polyakova, 2012.

Barbeaucestus most closely resembles Escherbothrium
Berman et Brooks, 1994 and Stillabothrium. Beyond
the differences in the arrangement of facial loculi de-
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scribed above, unlike the latter genus, the bothridia of
Barbeaucestus possess, rather than lack, apical suckers,
and unlike Escherbothrium and Stillabothrium, the new
genus exhibits vitelline follicles that are conspicuously
wider than long (rather than irregular to round) in shape
and that encroach on the midline of the proglottid (rather
than are limited to the lateral margins) of the proglottid.
The genus is fully consistent with the diagnosis of An-
thocephaliidae presented by Ruhnke et al. (2015). The
molecular phylogenetic analyses of Healy et al. (2009),
Caira et al. (2014), Ruhnke et al. (2015) and Marques and
Caira (2016) strongly support this familial placement for
Barbeaucestus (as New genus 2).
Barbeaucestus jockuschae sp. n. Figs. 1,2, 10B
ZooBank number for species:
urn:1sid:zoobank.org:act:434499D2-01E6-4771-99F6-89A33B7D299B

Informal synonym: New Genus 2 shipleyi of Healy et
al. (2009), Caira et al. (2014), Ruhnke et al. (2015) and
Marques and Caira (2016)

Description (based on eight whole mounts of mature
specimens and one scolex prepared for SEM). Worms
craspedote, euapolytic, 5.4-9.7 mm (7.0 mm + 1.6 mm;
n = &) long, with 103-123 (115 + 8; n = 8) proglottids;
maximum width 933-1,365 (1,156 + 133; n = 8) at level
of scolex. Scolex with 4 bothridia and cephalic peduncle;
myzorhynchus absent. Bothridia stalked, wider than long,
703-1,029 (881 + 116; n=7) wide, with apical sucker and 3
rows of facial loculi folded along horizontal midline; both-
ridial margins with thin velum. Stalks 186-239 (216 + 27;
n = 3) long by 103-128 (119 + 14; n = 3) wide. Apical
sucker 68-85 (76 = 6; n = 5) long by 82-113 (97 = 12; n
= 6) wide. Facial loculus formula (6)(10)(14-16); loculi
of central row conspicuously longer than loculi of anterior
and posterior rows. Cephalic peduncle 86—-108 (97 + 11;
n=3) long.

Distal surfaces of apical sucker and loculi (Fig. 2D), and
septa (Fig. 2E) bearing small, gladiate spinitriches and cap-
illiform filitriches; bothridial velum bearing capilliform fil-
itriches throughout outermost edge with submarginal band
of acicular filitriches on distal surface (Fig. 2C). Proximal
surfaces of loculi of central row bearing densely arranged
gladiate spinitriches and capilliform filitriches (Fig. 2F);
proximal surfaces of loculi of posterior-most row and
stalks bearing less densely arranged small gladiate spini-
triches and acicular filitriches (Fig. 2G). Cephalic peduncle
and strobila bearing capilliform filitriches.

Immature proglottids 102—121 (113 = 7; n = 8) in num-
ber, wider than long. Mature proglottids 1-3 (2 + 1; n =8)
in number, longer than wide; terminal mature proglottid
718-1,246 (950 + 172; n = 8) long by 416-537 (468 + 39;
n = 8) wide, length to width ratio 1.6-2.3 (2.0 £0.3; n=8).
Gravid proglottids not observed. Testes 20-26 (23 + 3;
n = 6) in number, 56-110 (79 + 23; n = 6) long by 2941
(n = 6) wide, arranged in 2—4 irregular columns, anterior
to cirrus sac, medullary. Vas deferens extending anteriorly
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Fig. 1. Line drawings of Barbeaucestus jockuschae sp. n. from Neotrygon orientale Last, White et Séret. A — scolex (holotype,
MZUM(P) 2016.18 (H)); B — whole worm (LRP 9160); C — subterminal mature proglottid (USNM 1422079); D — terminal mature
proglottid (holotype, MZUM(P) 2016.18 (H)); E — detail of terminal genitalia (USNM 1422079).

from level of ovarian isthmus to enter cirrus sac at ante-
rior margin, not expanded to form external seminal ves-
icle. Genital pore lateral, irregularly alternating, 45-54%
(50% =+ 3%; n = 8) from posterior end of proglottid; gen-
ital atrium shallow. Cirrus sac thin-walled, slightly bent
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and tilted posteriorly, 224-310 (270 + 31; n = 5) long by
97-112 (105 £ 7; n = 5) wide, containing coiled cirrus;
cirrus spinitriches present.

Vagina sinuous, extending along midline of proglottid
from ootype region to anterior margin of cirrus sac, then
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Fig. 2. Scanning electron micrographs of Barbeaucestus jockuschae sp. n. from Neotrygon orientale Last, White et Séret. A — scolex;
B — bothridium; small letters indicate location of details shown in Fig. 2C—G; C — distal surface of bothridial velum; D — distal surface
of loculus; E — distal surface of septum; F — proximal surface of loculus in central row; G — proximal surface of loculus in posteri-
Oor-most row.

laterally to open into genital atrium anterior to cirrus sac;
vaginal sphincter absent; seminal receptacle not observed.
Ovary H-shaped in frontal view, 158-336 (223 +£52; n=18)
long by 219-297 (255 + 29; n = 8) wide at isthmus, te-
tralobed in cross section; ovarian margins lobulate. Vi-
tellarium follicular; follicles distinctly wider than long,
in 2 lateral bands; each band consisting of 2—4 irregular
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columns of follicles, extending length of proglottid, inter-
rupted by terminal genitalia and partially by ovary. Uterus
median, ventral, weakly digitiform, extending from ovar-
ian isthmus to anterior margin of proglottid; uterine duct
joining uterus at posterior margin. Excretory vessels 4, ar-
ranged in 1 dorsal and 1 ventral pair on each lateral margin
of proglottid. Eggs not observed.
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Type host: Neotrygon orientale Last, White et Séret
(Neotrygon kuhlii 1 of Naylor et al. 2012), oriental bluespotted
maskray (Dasyatidae: Myliobatiformes).

Site of infection: Spiral intestine.

Type locality: South China Sea, off Kuching (02°30'07"N;
110°40'17"E), Sarawak, Malaysian Borneo (BO-336).

Additional localities: South China off Pulau Balam-
bangan (07°16'29"N; 116°56"25"E), Sabah, Malaysian Borneo
(BO-321).

Specimens examined: Holotype (MZUM(P) 2016.18
(H)) and 1 paratype (MZUM(P) 2016.19 (P)); 1 paratype (IP-
CAS C-746); 1 paratype (SBC-P-00074); 2 paratypes (USNM
1422078-1422079); 2 paratypes (LRP 9154, 9160). Scolex
examined with SEM was retained with JNC at the University
of Connecticut.

Etymology: This species is named after Elizabeth Jockusch
in appreciation of her enthusiastic willingness to expand her
considerable molecular expertise to include the study of tape-
worms and their elasmobranch hosts.

Barbeaucestus ralickiae sp. n. Figs. 3, 4, 10C
ZooBank number for species:
urn:Isid:zoobank.org:act:6333C75A-C061-4067-88E2-4FE68E7E36BD

Informal synonyms: New genus 2 cf. sexorchidum of
Healy et al. (2009), Caira et al. (2014) and Marques and
Caira (2016), and New genus 2 sexorchidum of Ruhnke et
al. (2015)

Description (based on 11 whole mounts of mature
specimens, six whole mounts of immature specimens
of which one is incomplete and two scoleces prepared
for SEM). Worms craspedote, euapolytic, 8.0-11.4 mm
(10.2 mm £ 1.0 mm; n = 11) long, with 102-163 (127 £ 19;
n = 11) proglottids; maximum width 571-1,652 (1,022 +
324; n = 9) at level of scolex. Scolex with 4 bothridia
and cephalic peduncle; myzorhynchus absent. Bothrid-
ia stalked, wider than long, 337-761 (662 + 75; n = 15)
wide, with apical sucker and 5 rows of facial loculi, fold-
ed along horizontal centre line; bothridial margins with
thin velum. Stalks 174—691 (357 + 129; n = 13) long by
112-176 (146 + 18; n = 13) wide. Apical sucker 48—67
(56 £7;n=10) long by 65-88 (77 £ 6; n = 14) wide. Facial
loculus formula (1)(4/6/6)(4); loculi of central row longer
than loculi of anterior or posterior rows. Cephalic peduncle
117-202 (141 +41; n =4) long.

Distal surface of apical sucker, loculi (Fig. 4E) and
septa bearing small, gladiate spinitriches and capilliform
filitriches; bothridial velum bearing capilliform filitriches
throughout outer-most edge (Fig. 4D) with submargin-
al band of acicular filitriches on distal surface. Proximal
surfaces of loculi in anterior-most (Fig. 4F) and posteri-
or-most (Fig. 4G) rows, and stalks (Fig. 4H) bearing dense-
ly arranged gladiate spinitriches and capilliform filitriches.
Proximal surface of velum with complex arrangement of
bands of microtriches (Fig. 4C). Cephalic peduncle and
strobila bearing capilliform filitriches.
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Immature proglottids 101-160 (125 + 19; n = 11)
in number, wider than long. Mature proglottids 1-3
(1.8 £ 0.8; n = 11) in number, longer than wide; termi-
nal mature proglottid 725-952 (805 + 70; n = 9) long by
371-571 (458 + 65; n = 9) wide, length to width ratio
1.4-2.5 (1.8 £0.4; n =9). Gravid proglottids not observed.
Testes 27-42 (32 + 3; n = 13) in number, 36-57 (47 + 6;
n = 8) long by 22-33 (28 + 3; n = 8) wide, arranged in
2-4 irregular columns, anterior to cirrus sac, medullary.
Vas deferens extending anteriorly from level of ovarian
isthmus to enter cirrus sac at anterior margin, not expand-
ed to form external seminal vesicle. Genital pore lateral,
irregularly alternating, 52—-67% (60% = 5%; n = 9) from
posterior end of proglottid; genital atrium shallow. Cirrus
sac thin-walled, bent and tilted posteriorly, 163—-193 (180 +
10; n=9) long by 83-103 (91 + 9; n = 9) wide, containing
coiled cirrus; cirrus spinitriches present.

Vagina sinuous, extending along midline of proglottid
from ootype region to anterior margin of cirrus sac, then
laterally to open into genital atrium anterior to cirrus sac;
vaginal sphincter absent; seminal receptacle not observed.
Ovary H-shaped in frontal view, 174-343 (250 + 48; n =38)
long by 135-288 (184 + 49; n = 8) wide at isthmus, te-
tralobed in cross section; ovarian margins lobulate. Vi-
tellarium follicular; follicles distinctly wider than long,
in 2 lateral bands; each band consisting of 2—3 irregular
columns of follicles, extending length of proglottid, inter-
rupted by terminal genitalia. Uterus median, ventral, sac-
ciform, extending from ovarian isthmus to anterior margin
of proglottid. Excretory vessels 4, arranged in 1 dorsal and
1 ventral pair on each lateral margin of proglottid. Eggs
not observed.

Type host: Taeniura lymma 1 of Naylor et al. (2012)
(Dasyatidae: Myliobatiformes).

Site of infection: Spiral intestine.

Type locality: Celebes Sea, off Semporna (04°28'44"N;
118°37'01"E) Sabah, Malaysian Borneo (BO-86).

Additional localities: Celebes Sea, off Kunak
(04°41'20"N; 118°15"23"E), Sabah, Malaysia (BO-80); Pulau
Mabul (04°14'44"N; 118°37'53"E), Sabah, Malaysian Borneo
(BO-123, BO-128, BO-130); Sulawesi Sea, off Pulau Rabu
Rabu (02°19'05"N; 118°07'25"E), East Kalimantan, Indone-
sian Borneo (KA-419).

Specimens examined: Holotype (MZBCa 202) and 3
paratypes (MZBCa 203-205); 1 paratype (IPCAS C-747); 2
paratypes (MZUM(P) 2016.20 (P), MZUM(P) 2016.21 (P));
5 paratypes (USNM 1422080-1422084); 5 paratypes (LRP
9150-9153, 9161). Scoleces examined with SEM were re-
tained with JNC at the University of Connecticut.

Etymology: This species honours Hannah Ralicki for her
herculean efforts to generate and expand the molecular data
available for cestodes and their elasmobranch hosts.

Remarks. The arrangement of facial loculi in five, rath-
er than three, rows readily distinguishes Barbeaucestus
ralickiae sp. n. from B. jockuschae. In addition, the both-
ridia of B. ralickiae bear fewer loculi in the central row than
do those of B. jockuschae (i.e. 6 vs 10). As a consequence,
the bothridia of B. ralickiae are generally conspicuous-
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Fig. 3. Line drawings of Barbeaucestus ralickiae sp. n. from Taeniura lymma 1 of Naylor et al. (2012). A — scolex (holotype, MZBCa
202); B — whole worm (paratype, USNM 1422081); dashed line indicates that bothridium was cut and mounted separately; C — mature
proglottid (paratype, LRP 9150); D — terminal mature proglottid (paratype, LRP 9150); E — detail of terminal genitalia (paratype, LRP
9150).

ly narrower than those of B. jockuschae (337-761 um vs  Barbeaucestus sexorchidus (Williams, 1964) comb. n.
703—1,029 um; Fig. 10C vs Fig. 10B). Finally, B. ralickiae

possesses a greater number of testes (2742 vs 20-26) and Synonym: Anthobothrium sexorchidum Williams, 1964
a shorter cirrus sac (163-193 um vs 224-310 pm) than

. Type host: Taeniura lymma 2 sensu Naylor et al. (2012)
B. jockuschae.

(as Taeniura lymma [Forsskal]), bluespotted ribbontail ray
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Fig. 4. Scanning electron micrographs of Barbeaucestus ralickiae sp. n. from Taeniura lymma 1 of Naylor et al. (2012). A — scolex;
small letters indicate location of details shown in Fig. 4D-F,H; B — bothridium; small letters indicate location of details shown in
Fig. 4C,G; C — proximal surface of bothridial velum; D — distal surface of bothridial velum; E — distal surface of loculus in central
row; F — proximal surface of loculus in anterior-most row; G — proximal surface of loculus in posterior-most row; H — surface of stalk.

(Dasyatidae: Myliobatiformes).

Site of infection: Spiral intestine.

Type locality: HeronIsland (23°27'S; 151°55'E), off Rock-
hampton, Queensland, Australia.

Specimens examined: SAM V1061 AHC 41061 (holo-
type).

Remarks. The type material of this species consists of
two strobilae and four scoleces collected from Taeniura
lymma’ off Heron Island, Australia. Although Williams
(1964) considered this material unsuitable for the gen-
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eration of a detailed description, he drew attention to its
remarkable locular configuration by providing a brief di-
agnosis and drawings of a scolex, individual bothridium
and mature proglottid. At that time, he assigned this spe-
cies to Anthobothrium van Beneden, 1850 but was clear
to state (Williams 1964, p. 743) “eventually, the placing
of A. sexorchidum in another genus may be considered
advisable.” Indeed, examination of the holotype revealed
this species to be fully consistent with Barbeaucestus and
it is herein transferred to that genus as Barbeaucestus
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sexorchidus (Williams, 1964) comb. n. Examination of the
holotype also leads us to believe that Williams (1964) may
have slightly misinterpreted the features of the bothridia
of this species. The bothridia bear (rather than lack) apical
suckers, they are wider than long (rather than longer than
wide) and bear three rows of loculi (rather than a single
central row surrounded by marginal loculi). Unfortunate-
ly, the condition of the type material makes the number of
rows and number of loculi per row difficult to assess with
confidence and thus we have refrained from formally rede-
scribing this species until additional material is available.
There is also concern that the strobilae on which the orig-
inal description was based differ substantially in proglot-
tid morphology (Williams 1964; fig. 17) from that of the
two species of the genus described here. This concern too
would be addressed by examination of additional complete
specimens from the type host and locality.

Nonetheless, as described by Williams (1964),
Barbeaucestus sexorchidus is easily distinguished from
both B. jockuschae and B. ralickiae in its possession of
fewer number of testes (6 vs 20-26 and 27-42, respective-
ly). It further differs from B. ralickiae in its possession of
only three, rather than five, rows of loculi per bothridium.
It further differs from B. jockuschae in its possession of
what appears to be a maximum of six (rather than 10) lo-
culi in its central row. Examination of additional, ideally
more relaxed, material of B. sexorchidus would help to
confirm these differences.

Much has changed with respect to the identity of spec-
imens of Taeniura lymma since Williams conducted his
work in 1964. Perhaps most importantly, this nominal tax-
on is now known to represent a complex of species each
of which is somewhat regionally distributed; one of them
was formally described as Taeniura lessoni Last, White
et Naylor, just last year (Last et al. 2016¢). Distinct from
T. lessoni, Australian members of the 7. [ymma complex
were considered distinct from those from Borneo by Nay-
lor et al. (2012b) (referred to as Taeniura lymma 2 and
T. Ilymma 1, respectively). In contrast, despite documented
sequence divergence in NADH2, Last et al. (2016b; see fig.
2) considered specimens of 7. lymma from Australia and
Borneo to be conspecific. In the absence of data to support
conspecificity, “7. lymma” from Borneo and Australia are
considered distinct; but we would note that neither is likely
the real 7 lymma originally described from the Red Sea.
Thus, while B. ralickiae is hosted by Taeniura lymma 1 of
Naylor et al. (2012), B. sexorchidus is hosted by the Aus-
tralian Taeniura lymma 2 of Naylor et al. (2012).

Barbeaucestus shipleyi (Southwell, 1912) comb. n.
Fig. 5A

Synonyms: Rhinebothrium shipleyi Southwell, 1912;
Echeneibothrium shipleyi (Southwell, 1912) Southwell,
1925; Scalithrium shipleyi (Southwell, 1912) Ball, Neifar
et Euzet, 2003

Type host: Neotrygon kuhlii (Miller et Henle) (as Trygon
kuhlii Miller et Henle), bluespotted stingray (Dasyatidae,
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Myliobatiformes); Clade 8 of Puckeridge et al. (2013); Clade
I of Borsa et al. (2016).

Site of infection: Spiral intestine.

Type locality: SriLanka (as Ceylon).

Specimens examined: BMNH No. 1977.11.1.90—
94 (3 slides with a total of 10 worms) and BMNH No.
1977.11.1.116-121 (4 slides with a total of 9 worms).

Remarks. The identity and generic placement of this
taxon has been problematic since its provisional assign-
ment to Rhinebothrium by Southwell (1912), who even
then noted it might ultimately need to be transferred to
anew genus. Among its unusual features, Southwell (1912;
p. 267) considered the bothridia to be “compressed on
a plane at right angles to the axis of the worm each being
divided by transverse septa only into ten unpaired areolas.”
Despite lacking a myzorhynchus, the species was implic-
itly transferred to Echeneibothrium by Southwell (1925)
when he synonymised it with Echeneibothrium minimum
van Beneden, 1850. Although Yamaguti (1934) endorsed
this generic placement, he considered E. shipleyi (South-
well, 1912) as valid. However, it should be noted that his
treatment of this species was based on material collected
from hosts identified as Dasyatis akajei (Miiller et Henle)
(now Hemitrygon akajei [Miiller et Henle]) from Japan.
Although the whereabouts of Southwell’s type specimens
of R. shipleyi were unknown, in 1958, Williams published
the results of his investigations of voucher material — at
the Liverpool School of Tropical Medicine — collected by
Southwell in 1923 from hosts identified as ‘Trygon kuhli’
(now Neotrygon kuhlii) in Sri Lanka. Although Williams
initially considered this material to include specimens of
Rhinebothrium trygonis (Shipley et Hornell, 1906) — a spe-
cies described from hosts identified as ‘ Trygon walga’ (now
Brevitrygon walga [Miiller et Henle]) by Shipley and Hor-
nell 1906 — he ultimately attributed the variation among
specimens to differences in development and/or degree of
contraction, and treated all of the material as R. trygonis,
considering R. shipleyi as a junior synonym. Most recently,
Ball et al. (2003) transferred R. shipleyi to their new ge-
nus Scalithrium on the basis of its possession of multiple
transverse, but no longitudinal, septa. These authors also
provided a revised description based on a combination of
data from Southwell (1912) and Williams (1958).

In the absence of type material, Southwell’s voucher
specimens collected from the type host in the type local-
ity, and examined by Williams (1958), now housed at the
BMNH, currently provide the best insight into the identity
of R. shipleyi. However, our examination of these speci-
mens leads us to conclusions that differ from those reached
by Williams. First, we are unconvinced that R. shipleyi is
a synonym of R. trygonis. Whereas Southwell (1912) de-
scribed the former as a robust worm that reaches a length
of 60 mm and bears bothridia with 10 areolae (i.e. loculi),
Shipley and Hornell (1906) described the latter as a deli-
cate worm of up to 15 mm in length, bearing bothridia with
only seven or eight areolae. Second, we do not believe any
of these BMNH specimens are of R. trygonis. In addition
to differing from that species in size and overall morphol-
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Fig. 5. Light micrographs of scoleces. A — scolex of Barbeauces-
tus shipleyi (Southwell, 1912) comb. n. from Neotrygon kuh-
lii (Miiller et Henle) (neotype, BMNH 1977.11.1.116-121A);
B — bothridium of undescribed species of Divaricobothrium from
Pateobatis jenkinsii (BO-339) (voucher, LRP 9158); C — bothrid-
ium of undescribed species of Divaricobothrium from Maculaba-
tis cf. pastinacoides (BO-61) (voucher, LRP 9159).
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ogy, these specimens were also collected from Neotrygon
kuhlii rather than the type host of R. trygonis, Brevitrygon
walga. We agree with Williams’ original inclination that
the BMNH material includes two different forms. The larg-
er 13 of these 19 specimens are consistent with Southwell’s
original (1912) description of R. shipleyi and we have des-
ignated one of these (BMNH No. 1977.11.1.116-121A)
as a neotype (Fig. 5A). This species is formally trans-
ferred here to Barbeaucestus for the reasons outlined be-
low. We do not, however, believe the smaller specimens
among this material are conspecific with R. trygonis, rath-
er they appear to represent a second undescribed species
of Barbeaucestus that also parasitises specimens of the
Neotrygon kuhlii complex in Sri Lanka. In addition to be-
ing longer than R. trygonis (16.5-24.1 mm vs 15 mm) in
total length, they bear 1011 (rather than 7-8) loculi in the
central row on each bothridium, which was likely the only
row seen by Shipley and Hornell (1906). Moreover, un-
like the illustration provided in the original description, the
strobila of these specimens is much wider posteriorly than
anteriorly (rather than vice versa).

Our examination of this material led us to realise that
Southwell (1912), Williams (1958) and Ball etal. (2003) had
misinterpreted the unique nature of the bothridial morphol-
ogy of this species, which fueled the confusion surround-
ing its generic placement. In all three cases, the authors
concentrated on the central row of largest loculi. While,
the first two authors recognised the presence of addition-
al bothridial tissue flanking this central row, none of these
authors recognised that the bothridia bore additional rows
of loculi. Furthermore, in all three works, the orientation
of the bothridia was misinterpreted such that what actually
constitute the anterior and posterior edges of the bothridia
were considered to represent the lateral edges. We believe
these misinterpretations led to the assumption of close af-
finities between this species and those of Echeneibothrium,
Rhinebothrium and ultimately Scalithrium. 1t is now clear
that the morphology of R. shipleyi is fully consistent with
that of species of Barbeaucestus and it is hereby trans-
ferred to this genus, as B. shipleyi (Southwell, 1912) comb.
n. Unfortunately, available material is insufficient to al-
low formal redescription of this species at this time. That
task must await the collection of additional material from
the type host in the type locality. We believe Yamaguti’s
(1934) material from Hemitrygon akajei (as Dasyatis aka-
jei) likely represents yet an additional undescribed spe-
cies. The remaining smaller specimens among Southwell’s
BMNH material (BMNH No. 1977.11.1.116-121B) likely
represent an undescribed species of Barbeaucestus.

The presence of ten (Fig. SA), rather than six, loculi in
the central row of the bothridia of B. shipleyi easily distin-
guishes it from B. ralickiae. Barbeaucestus shipleyi differs
conspicuously from B. jockuschae and B. sexorchidum in
that it is a much larger worm (42—60 mm vs 5.4-9.7 mm
and 10 mm in total length, respectively).

The identity of the type host of B. shipleyi remains in
question. Recent molecular work on the species complex
Neotrygon kuhlii by Puckridge et al. (2013) identified
the form found in India, and thus likely also Sri Lanka,
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VUL

Fig. 6. Line drawings of Divaricobothrium tribelum sp. n. from Maculabatis gerrardi (Gray). A — whole worm (holotype; MZUM(P)
2016.16 (H)); B — scolex (paratype, USNM 1422077); C — terminal mature proglottid (paratype, LRP 9155); D — detail of terminal
genitalia (paratype, LRP 9155).

as Clade 8. Despite recent revisionary work to align the = molecular findings (e.g. Last et al. 2016a), a formal taxon
taxonomy of this elasmobranch species complex with such  name has yet to be proposed for the form in that region.
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Divaricobothrium gen. n.

ZooBank number for genus:
urn:lsid:zoobank.org:act: DCS1AE93-DB6A-43A4-AD6B-B702136D43A8

Informal synonym: New genus 1 of Healy et al. (2009),
Caira et al. (2014), Ruhnke et al. (2015) and Marques and
Caira (2016)

Diagnosis. Rhinebothriidea: Anthocephaliidac. Worms
craspedote, euapolytic. Scolex with 4 bothridia; cephalic
peduncle and myzorhynchus absent. Bothridia stalked,
longer than wide, with distinct anterior and posterior re-
gions. Anterior bothridial region lacking apical sucker,
with single apical loculus followed by multiple single and/
or multiple pairs of facial loculi. Posterior bothridial re-
gion medially divided into 2 lobes; each lobe with single
column of multiple loculi. Mature proglottids longer than
wide. Testes numerous, arranged in 2 columns anterior to
cirrus sac. Vas deferens extending anteriorly from level of
ovarian isthmus to well anterior of cirrus sac, recurving
to enter cirrus sac at anterior margin, expanded to form
external seminal vesicle. Genital pores lateral, irregularly
alternating; genital atrium shallow. Cirrus sac thin-walled,
tilted posteriorly, containing coiled cirrus; cirrus armed
with spinitriches. Vagina weakly sinuous, extending from
ootype along midline of proglottid to anterior margin of
proglottid, recurving posteriorly, then laterally to open into
genital atrium anterior to cirrus sac; vaginal sphincter ab-
sent; seminal receptacle not observed. Ovary H-shaped in
frontal view, tetralobed in cross section; ovarian margins
weakly lobulate. Vitellarium follicular; follicles distinctly
wider than long, in 2 lateral bands; each band consisting
of 2 columns of follicles, extending length of proglottid,
interrupted by terminal genitalia and partially by ovary.
Uterus median, ventral, sacciform, extending from ovarian
isthmus to anterior margin of proglottid. Excretory vessels
4, arranged in 1 dorsal and 1 ventral pair on each lateral
margin of proglottid. Parasites of Dasyatidae (Myliobati-
formes), Indo-Pacific Ocean.

Type species: Divaricobothriurn tribelum gen. n. et sp. n.

Additional species: Divaricobothrium trifidum (Shipley
et Hornell, 1906) comb. n.

Etymology: From divarico (from Latin — spread apart, fork),
in reference to the posteriorly forked configuration of the
bothridia.

Remarks. The most diagnostic feature of Divaricoboth-
rium gen. n. is the posteriorly bifid nature of its bothridia.
Among the valid rhinebothriidean genera (see Ruhnke et al.
2015 as modified by Marques and Caira 2016), this feature
clearly distinguishes it from all but Cairaeanthus. It dif-
fers from Cairaeanthus in its lack (rather than possession)
of marginal loculi and its possession (rather than lack) of
facial loculi. In addition, species of Cairaeanthus bear ex-
tensive lateral fields of numerous, small vitelline follicles
that extend almost to the midline of the proglottid, whereas
the vitelline follicles of Divaricobothrium are large, much
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wider than long, and are arranged in two discrete bands,
each consisting of only two columns of follicles.

Species of Divaricobothrium are also highly unusual
among rhinebothriideans in their possession of an extreme-
ly long, recurved vagina. Among known rhinebothriideans,
this feature is seen only in Rhinebothrium setiensis Euzet,
1955 (see Euzet 1955) and Rhabdotobothrium dollfusi Eu-
zet, 1953 (see Euzet 1953). However, in both of the latter
cases the vagina extends barely into the anterior quarter,
rather than to the anterior margin, of the proglottid, as in
species of Divaricobothrium.

In terms of its familial placement, Divaricobothrium is
highly supported as a member of the Anthocephaliidae in
trees resulting from all molecular phylogenetic analyses
(Healy et al. 2009, Caira et al. 2014, Ruhnke et al. 2015,
Marques and Caira 2016). Morphologically, it is consist-
ent with the revised diagnosis of this family presented by
Ruhnke et al. (2015) with one exception. The bothridia ap-
pear to lack, rather than possess, apical suckers. As a con-
sequence, its inclusion in the Anthocephaliidae requires
emendation of the family diagnosis to read “apical suck-
er present or absent.” This revision also requires a slight
modification of the key to rhinebothriidean families pre-
sented by Ruhnke et al. (2015): the second phrase in cou-
plet 2 should be changed to read “with, or occasionally
without, apical suckers.”

In addition to the two species of Divaricobothrium
treated here, preliminary examination of cestodes from
stingrays in the waters of Borneo yielded two additional
potentially new species — one from Pateobatis jenkinsii
(Annandale) and one from a second species of Maculabatis,
M. cf. pastinacoides (Bleeker). Unfortunately, in neither
case was sufficient material available to allow formal de-
scription. The generic diagnosis presented here accommo-
dates both of these species, one of which exhibits paired
loculi throughout the entire length of the anterior region
of the bothridium following the first loculus (Fig. 5B), and
the other of which bears a combination of single and paired
loculi in the anterior bothridial region (Figs. 5C, 10E). For
future reference, one specimen from each host species has
been deposited in the LRP (Nos. 9158 and 9159, respec-
tively).

Divaricobothrium tribelum sp. n. Figs. 6,7, 10E
ZooBank number for species:
urn:Isid:zoobank.org:act:307F3CCB-9B35-4443-B230-4B907A50673D

Informal synonym: New genus 1 n. sp. of Healy et al.
(2009), Caira et al. (2014), Ruhnke et al. (2015) and
Marques and Caira (2016)

Description (based on eight whole mounts of mature
specimens and two scoleces prepared for SEM). Worms
craspedote, euapolytic, 4.2—7.3 mm (5.4 mm + 1.1 mm;
n = 8) mm long, with 32-53 (40 + 9; n = 8) proglottids;
maximum width 538-858 (663 + 108; n = &) at level of
scolex. Scolex with 4 bothridia; cephalic peduncle and
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Fig. 7. Scanning electron micrographs of Divaricobothrium tribelum sp. n. from Maculabatis gerrardi (Gray). A — scolex; small letters
indicate location of details shown in Fig. 7B—G; B — distal surface of anterior-most loculus in anterior bothridial region; C — distal sur-
face of loculus in lobe of posterior bothridial region; D — proximal surface of loculus in anterior bothridial region; E — proximal surface
of loculus in lobe of posterior bothridial region; F — distal surface of septum in lobe of posterior bothridial region; G — proximal surface
of anterior loculus in anterior bothridial region.

myzorhynchus absent. Bothridia stalked, longer than wide,
with distinct anterior and posterior regions; bothridial mar-
gins with thin velum; apical sucker absent. Anterior both-
ridial region 174-288 (231 + 39; n = 7) long by 157-247
(191 + 29; n = 7) wide, with 3 single loculi followed by 2
pairs of loculi. Posterior bothridial region medially divided
into 2 lobes; each lobe 239-337 (292 + 37; n = 6) long by
107-175 (135 £32; n = 5) wide, with single column of 8§-9
loculi.

Distal surfaces of loculi of anterior region (Fig. 7B)
and posterior region (Fig. 7C) with densely arranged small
gladiate spinitriches and acicular filitriches; distal surfac-
es of septa of posterior region (Fig. 7F) with sparse small
gladiate spinitriches and acicular filitriches. Proximal sur-
faces of loculi in anterior region (Fig. 7D) with densely
arranged gladiate spinitriches and capillifom filitriches,
transitioning to acicular filitriches only near apex of both-
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ridium (Fig. 7G); proximal surfaces of loculi of posterior
region (Fig. 7E) with densely arranged gladiate spinitrich-
es and capilliform filitriches. Strobila with capilliform fil-
itriches.

Immature proglottids 2748 (35 + 8; n = 8) in number,
wider than long. Mature proglottids 3—7 (5 = 1; n = 8)
in number, longer than wide; terminal mature proglottid
533-668 (607 + 47; n = 8) long by 114-169 (142 + 21;
n =8) wide, length to width ratio 3.2-5.7 (4.4 £ 0.8; n = 8).
Gravid proglottids not observed. Testes 9-12 (10 + 1;
n = 7) in number, 32-44 (37 + 5: n = 6) long by 25-30
(28 £ 2; n = 6) wide, arranged in 2 columns, anterior to
cirrus sac, medullary. Vas deferens extending anteriorly
from level of ovarian isthmus to well anterior of cirrus sac,
recurving to enter cirrus sac at anterior margin, expanded
to form external seminal vesicle. Genital pore lateral, irreg-
ularly alternating, 42—49% (45 + 3; n = 8) from posterior
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end of proglottid; tegument surrounding genital pore bear-
ing small tubercles; genital atrium shallow. Cirrus sac thin-
walled, bent posteriorly, 121-153 (137 + 12; n=7) long by
55-82 (71 £9; n = 7) wide, containing coiled cirrus; cirrus
spinitriches present.

Vagina extensive, weakly sinuous, extending along mid-
line of proglottid from ootype region to anterior margin of
proglottid, then recurving posteriorly to anterior margin of
cirrus sac, then laterally to open into genital atrium anterior
to cirrus sac; vaginal sphincter absent; seminal receptacle
not observed. Ovary H-shaped in frontal view, 138-226
(185 + 33; n = 8) long by 68-112 (91 + 17; n = 8) wide,
tetralobed in cross section; ovarian margins weakly lobu-
lated. Vitellarium follicular; follicles distinctly wider than
long, in 2 lateral bands; each band consisting of 2 columns
of follicles, extending length of proglottid, interrupted by
terminal genitalia and partially by ovary. Uterus median,
ventral, sacciform, extending from ovarian isthmus to an-
terior margin of proglottid. Excretory vessels 4, arranged
in 1 dorsal and 1 ventral pair on each lateral margin of pro-
glottid. Eggs not observed.

Type host: Maculabatis gerrardi (Gray) (as Himantura cf.
gerrardi 2 sensu Naylor et al. 2012) (Dasyatidae, Myliobat-
iformes).

Site of infection: Spiral intestine.

Type locality: South China Sea, off Sematan (01°48'15"N;
109°46'47"E) Sarawak, Malaysian Borneo (BO-158; also lo-
cality for host BO-23).

Additional localities: Celebes Sea, off Tawau
(02°15'00"N; 117°54'00"E), Sabah, Malaysian Borneo (BO-
88); South China Sea off Mukah (02°53'52"N; 112°05'44"E),
Sarawak, Malaysian Borneo (BO-466, host of hologenophore
of Healy et al. 2009).

Specimens examined: Holotype (MZUM(P) 2016.16
(H)) and 1 paratype, (MZUM(P) 2016.17 (P)); 1 paratype (IP-
CAS C-745); 1 paratype (SBC-P-00073); 2 paratypes (USNM
1422076-1422077); 3 paratypes (LRP 9155-9157; 2 whole
worms and 1 SEM strobilar voucher). Scoleces examined with
SEM were retained with JNC at the University of Connecticut.

Etymology: This name, from the Greek #ribelos (3-pointed),
was chosen because of the shape of the bothridia of this spe-
cies.

Divaricobothrium trifidum (Shipley et Hornell, 1906)
comb. n. Fig. 10D

Synonym: Echeneibothrium trifidum Shipley et Hornell,
1906

Type host: Brevitrygon walga (Miiller et Henle) (as Trygon
walga Miiller et Henle), dwarf whipray (Dasyatidae, Mylio-
batiformes).

Site of injection: Spiral intestine.
Type locality: SriLanka (as Ceylon).
Specimens examined: None.

Remarks. Shipley and Hornell (1906) originally de-
scribed this species from three immature specimens col-
lected from Brevitrygon walga (as Trygon walga) in Sri
Lanka (as Ceylon). Unfortunately, the type material ap-
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pears to have been lost and the species is known only from
the brief original description, lacking detail of proglottid
anatomy. Nonetheless, Shipley and Hornell (1906) did
capture the unique trifid configuration of the bothridia of
the species and, apart from misinterpreting the anterior/
posterior orientation of the bothridia, provided a detailed
description of that morphology (Shipley and Hornell 1906,
p. 80): “The basal or posterior half of each bothridium is
single, and carries nine transversely elongated arcolas. The
proximal end of each bothridium is, however, split into two
halves, and each half bears nine areolas, of a somewhat
rounded form.” As in other rhinebothriideans, the stalked
nature of the bothridia can lead to preparations in which the
bothridia are mounted in a diversity of positions as seen in
their fig. 99. Given this, the affinities of this species with
Divaricobothrium are clear and it is hereby transferred to
this genus as Divaricobothrium trifidum (Shipley et Hor-
nell, 1906) comb. n.

Divaricobothrium trifidum is easily distinguished from
D. tribelum in both the number and arrangement of the
bothridial loculi. Whereas the former species has a column
of nine loculi on the anterior bothridial region and a single
column of nine loculi on each lobe of the posterior bothrid-
ial region (for a total of 27 loculi; see Fig. 10D), the latter
species bears three single loculi followed by two pairs of
loculi on the anterior bothridal region and a single column
of eight loculi on each lobe of the posterior bothridial re-
gion (for a total of only 21 loculi; see Fig. 10E). Whether
D. trifidum will be found to possess an extremely long, re-
curved vagina remains to be determined, but both of the
undescribed species mentioned above also possess this fea-
ture, suggesting it may be a feature of the genus.

Sungaicestus gen. n.

ZooBank number for genus:
urn:1sid:zoobank.org:act:03623D8C-4CE2-4DFE-B491-7337EBSE3967

Informal synonym: New genus 4 of Healy et al. (2009),
Caira et al. (2014), Ruhnke et al. (2015) and Marques and
Caira (2016)

Diagnosis. Rhinebothriidea, Anthocephaliidae. Worms
crapedote, cuapolytic. Scolex with 4 bothridia; cephalic
peduncle and myzorhynchus absent. Bothridia stalked,
slightly longer than wide, with apical sucker and facial loc-
uli; bothridial margins with thin velum. Loculi arranged in
2 columns, wider than long. Mature proglottids longer than
wide. Testes numerous, arranged in 2 columns anterior to
cirrus sac. Vas deferens extending anteriorly from level of
ovarian isthmus to enter cirrus sac at anterior margin, ex-
panded to form external seminal vesicle. Genital pores lat-
eral, irregularly alternating; genital atrium shallow. Cirrus
sac thin-walled, slightly bent posteriorly, containing coiled
cirrus; cirrus armed with spinitriches. Vagina weakly sin-
uous, extending from ootype along midline of proglottid
to anterior margin of cirrus sac, then laterally to open into
genital atrium anterior to cirrus sac; vaginal sphincter ab-
sent; seminal receptacle not observed. Ovary H-shaped
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in frontal view, tetralobed in cross section; ovarian mar-
gins lobulate. Vitellarium follicular; follicles distinctly
wider than long, in 2 lateral bands; each band consisting
of 2 columns of follicles, extending length of proglottid,
interrupted by terminal genitalia and partially by ovary.
Uterus median, ventral, sacciform, extending from ovarian
isthmus to anterior margin of proglottid. Excretory vessels
4, arranged in 1 dorsal and 1 ventral pair on each lateral
margin of proglottid. Parasites of Urogymnus (Dasyatidae,
Myliobatiformes), Indo-Pacific Ocean.

Type species:
2006) comb. n.
Etymology: This name is a contraction of the Malay word
for river, sungai, and the Latin word for worm, cestus, and
refers to the fact that the type species of this genus was discov-
ered in rays from the Kinabatangan River, Malaysian Borneo.

Sungaicestus kinabatanganensis (Healy,

Remarks. The lack of a myzorhynchus easily dis-
tinguishes Sungaicestus gen. n. from Clydonobothrium,
Echeneibothrium, Notomegarhynchus, Phormobothrium,
Pseudanthobothrium and Tritaphros, all of which possess
this feature in their adult forms. The lack of marginal lo-
culi distinguishes this new genus from Anindobothrium,
Anthocephalum and Cairaeanthus, all of which exhibit
marginal loculi. Unlike those of Divaricobothrium, the
bothridia of the new genus are not bifid posteriorly. Un-
like Stillabothrium, Zyxibothrium and all eight genera of
Rhinebothriidae (i.e. Biotobothrium, Crassuseptum, Rhine-
bothrium, Rhinebothroides, Rhodobothrium, Scalithrium,
and Spongiobothrium), Sungaicestus possesses an apical
sucker. Sungaicestus differs from Rhabdotobothrium in
lacking post-vaginal testes. It differs conspicuously from
Barbeaucestus and Escherbothrium in that, unlike these
genera, it bears no more than two loculi in any row.

Sungaicestus kinabatanganensis (Healy, 2006) comb. n
Figs. 8, 9, 10F

Synonyms: Rhinebothrium kinabatanganensis Healy,
2006; New genus 4 kinabatanganensis of Healy et al.
(2009), Caira et al. (2014), Ruhnke et al. (2015) and
Marques and Caira (2016)

Type host: Urogymnus polylepis (Miiller et Henle) (as
Himantura chaophraya Monkolprasit et Roberts in Healy
2006b), giant freshwater whipray (Dasyatidae, Myliobati-
formes).

Site of infection: Spiral intestine.

Type Locality: Kinabatangan River, Kampung Abai
(05°41'11"N; 118°23'08"E), Sabah, Malaysian Borneo.

Specimens examined: MZUM(P) 155 (photographs of
holotype), LRP 3738 (paratype), LRP 3739 (paratype SEM
and SEM voucher); LRP 3900 (hologenophore voucher of
CH-9 of Healy et al. [2009]); LRP 8907 (voucher, scolex
drawn in Fig. 8).

Remarks. Rhinebothrium kinabatanganensis was de-
scribed by Healy (2006b) based on six complete and one
incomplete worm (i.e. the strobilar voucher of the specimen
used for scanning electron microscopy). While otherwise
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Fig. 8. Line drawing of the scolex of Sungaicestus kinabatangan-
ensis (Healy, 2006) comb. n. from Urogymnus polylepis (Miiller
et Henle) (voucher, LRP 8907).

Fig. 9. Scanning electron micrograph of the scolex of Sungaices-
tus kinabatanganensis (Healy, 2006) comb. n. from Urogymnus
polylepis (Miiller et Henle). Retaken from Healy (2006b).

consistent with the generic diagnosis of Rhinebothrium (i.e.
lacking a myzorhynchus and postvaginal testes, and pos-
sessing facially loculated bothridia with a single longitudi-
nal septum), Healy (2006b) noted that R. kinebatanganensis
was unique among the members of its genus in lacking
vitelline follicles lateral to the ovary. In her subsequent
dissertation, Healy (2006a) reported additional morpho-
logical and preliminary phylogenetic evidence supporting
the erection of a new genus for this species. Thus, this spe-
cies was referred to as “New genus 4 kinabatanganensis”
in the molecular phylogenetic study that resulted in erec-
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Fig. 10. Schematic illustrations of bothridia of members of the Anthocephaliidae. A — Anthocephalum Linton, 1891; B, C — Bar-
beaucestus gen. n.: B. jockuschae sp. n. (B) and B. ralickiae sp. n. (C); D, E — Divaricobothrium gen. n.: D. trifidum (Shipley et Hornell,
1905) comb. n. (D) and D. tribelum sp. n. (E); F — Sungaicestus gen. n.

tion of the order Rhinebothriidea by Healy et al. (2009)
and in later phylogenetic studies by Caira et al. (2014),
Ruhnke et al. (2015) and Marques and Caira (2016). In
all of these studies, R. kinabatanganensis (as New genus
4 kinabatanganensis) grouped well away from its nomi-
nal congeners in a clade with Divaricobothrium tribelum
(as New genus 1 n. sp.), two species of Barbeaucestus (as
New genus 2 shipleyi and New genus 2 cf. sexorchidum)
and the species of Anthocephalum included (Healy et al.
2009, Caira et al. 2014, Ruhnke et al. 2015, Marques and
Caira 2016).

As part of our efforts to identify an appropriate gener-
ic placement for R. kinabatanganensis, we re-examined
some of the type slides and the hologenophore of Healy
et al. (2009) with light microscopy and also re-examined
the scolex of the paratype originally prepared for SEM.
In addition, we prepared a whole mount of one additional
specimen (LRP 8907) that we were able to locate from the
spiral intestine contents of the type host specimen. That
work leads us to conclude that the bothridia of the holotype
specimen, illustrated in figs. 1 and 5 of Healy (2006b), are
especially contracted and recurved, and as a consequence
are unrepresentative of the species. We believe the more
typical configuration of the scolex is shown in the original
scanning electron micrograph presented by Healy (2006b —
fig. 18). This image shows bothridia that are approximately
as long as they are wide, and the left-most bothridium in
particular shows evidence of an apical sucker. The scolex
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of the whole mount prepared here is relatively relaxed and
is much more consistent with the scolex portrayed in SEMs
(see Healy 2006b — fig. 18, and Fig. 9 herein). This leads us
to believe that the feature interpreted as an anterior loculus
by Healy (2006b) is actually an apical sucker, and that the
bothridia of the species are generally slightly longer than
they are wide (Fig. 10F). Moreover, the two columns of
facial loculi appear to be divided by a gap with longitudi-
nal muscle fibres, rather than a septum. Although we were
unable to prepare sections owing to the limited available
material, it would be interesting to examine sections of
this region to determine if the configuration of radial and
transverse muscle fibres typical of Rhinebothrium is seen
in this species. The original description of the proglottid
anatomy of the species is both accurate and fully consistent
with that of the other genera of Anthocephaliidae, all of
which exhibit columns of vitelline follicles that are wider
than long and that are interrupted to some extent by the
ovary. In combination with the robust molecular support,
these morphological features are sufficient to justify formal
establishment of a new genus to house this species as Sun-
gaicestus kinabatanganensis (Healy, 2006) comb. n.

DISCUSSION

In combination with the work of Marques and Cai-
ra (2016) synonymising Pararhinebothroides Zamparo,
Brooks et Barriga, 1999 with Anthocephalum, valid genera
belonging to the Anthocephaliidae now are Anthocephalum,
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Barbeaucestus, Divaricobothrium, Sungaicestus, and pos-
sibly also Cairaeanthus. The proglottid anatomy of the
former four genera is relatively uniform. The testes are
relatively large and are arranged in approximately two to
four columns anterior to the cirrus sac, and the vas deferens
extends to the level of the ovary. In many cases the vitelline
follicles are arranged in two lateral bands and are interrupt-
ed by the ovary. Moreover, the three new genera erected
here share vitelline follicles that are conspicuously wider
than long. In contrast, the proglottids of Cairaeanthus bear
multiple columns of very small testes, restricted to the re-
gion of the proglottid anterior to the cirrus sac, small vitel-
line follicles that encroach on the midline of the proglottid,
and a vas deferens that does not appear to extend posterior
to the cirrus sac.

However, substantial variation in bothridial morpholo-
gy exists across the five anthocephaliid genera now recog-
nised (Fig. 10). Most conspicuously, while the bothridia
of Anthocephalum (Fig. 10A), Barbeaucestus (Fig. 10B,C)
and Sungaicestus (Fig. 10F) bear apical suckers, those
of Divaricobothrium (Fig. 10D,E) and possibly also
Cairaeanthus do not. However, as noted by Ruhnke et
al. (2015), the lack of this feature in the latter genus re-
quires confirmation for it is easy to overlook small apical
suckers in taxa with very large numbers of marginal loc-
uli. The posterior margins of the bothridia of the genera
bearing apical suckers are not bifid, while those reported to
lack apical suckers are bifid. Among the five genera, only
Anthocephalum and Cairaeanthus exhibit marginal locu-
li. Whereas the bothridia of Barbeaucestus are wider than
long, those of the other genera are either approximately
round, or conspicuously longer than wide.

The molecular phylogenetic analyses of Ruhnke et al.
(2015) and Marques and Caira (2016) provide relative-
ly strong support for a sister taxon relationship between
Divaricobothrium and Sungaicestus, with Barbeaucestus
as their sister taxon and Anthocephalum as the earliest di-
verging genus of the family. Given the contrast in scolex
and proglottid features of Cairaeanthus relative to the oth-
er genera of its family, it will be interesting to see the affin-
ities that emerge when this genus is ultimately included in
phylogenetic molecular analyses.

Diversity across the five anthocephaliid genera var-
ies substantially. While Anthocephalum currently hous-
es 19 species, Barbeaucestus, Divaricobothrium and
Cairaeanthus house only four, two and two species, re-
spectively; Sungaicestus is monotypic. The host associa-
tions of the genera lead us to anticipate that the number
of species of Anthocephalum, which parasitises species
of Dasyatidae, Urotrygonidac and Urolophidae, many of
which have never been examined for cestodes, will contin-
ue to grow. In fact, preliminary examination of specimens
collected from other host species from the Indo-Pacific
Ocean supports this notion.

Barbeaucestus is likely to be the next most speciose
genus for it is known from Brevitrygon, Neotrygon and
Taeniura Miiller et Henle. Because these genera are dis-
tributed across the dasyatid phylogenetic tree, it seems rea-
sonable that other dasyatid genera will be found to also
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serve as hosts for Barbeaucestus. The two described and
two undescribed species of Divaricobothrium parasitise
species of Brevitrygon, Maculabatis and Pateobatis. Giv-
en these genera comprise over 25 species, only a subset of
which has been examined for cestodes, the existence of ad-
ditional novelty in the unexamined species is anticipated.

The situation with Cairaeanthus is somewhat puzzling.
Kornyushin and Polyakova (2012) described both species
from the same species of Dasyatis (i.e. D. pastinaca [Lin-
nacus]), but we and others have necropsied hundreds of
specimens of many species of Dasyatis and related gen-
era but have not seen evidence of this genus, despite the
relatively large size of both of its known species (TL of
10.8-31.5 cm for Cairaenthus healyae Kornyushin et Pol-
yakova, 2012 and 5-25.5 cm for Cairaenthus ruhnkei Ko-
rnyushin et Polyakova, 2012). However, at this point we
would be uncertain how to proceed to discover additional
novelty in this group. One thing to consider is that both
species of Cairaeanthus were collected in Russian waters,
and perhaps the group is confined to cooler areas, which
are much more poorly sampled than tropical or subtropical
regions.

We are similarly at a loss as to where one might look
for additional species of Sungaicestus, which is known
only from the freshwater stingray of Borneo, Urogymnus
polylepis. Our survey work (Caira and Jensen, unpubl.
data), which included necropsies of other species of
Urogymnus and also of other species of freshwater dasyat-
ids (i.e. Fluvitrygon oxyrhyncha [Sauvage] and Fluvitrygon
signifer [Compagno et Roberts]), yielded no additional
species of Sungaicestus.

In terms of the undescribed rhinebothriidean genera that
were introduced by Healy et al. (2009), only the taxon they
referred to as Rhinebothriinae n. sp. remains to be formal-
ly described. That taxon has been referred to as “New ge-
nus 11 n. sp. 1”7 in the subsequent phylogenetic works of
Ruhnke et al. (2015) and Marques and Caira (2016), both
of which support its recognition as a novel genus.
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