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Abstract: Based on light and electron microscopical studies, a new nematode parasite, Echinocephalus inserratus sp. n. (Spirurida:
Gnathostomatidae), is described from the spiral valve of the broad cowtail stingray Pastinachus ater (Macleay) (Dasyatidae, Mylioba-
tiformes) from off New Caledonia. The new species is morphologically and biometrically most similar to Echinocephalus overstreeti
Deardorff et Ko, 1983, differing from it mainly in the absence of serrations on the posterior parts of pseudolabia and on interlabia, and
in having a longer gubernaculum (150-299 um long). Morphologically unidentifiable, mostly encapsulated larvae of Echinocephalus
spp. were recorded from the following six species of teleost fishes collected in New Caledonian waters, serving as paratenic hosts:
Perciformes: Acanthopagrus berda (Forsskal) (Sparidae) and Nemipterus furcosus (Valenciennes) (Nemipteridae); Tetraodontiformes:
Abalistes stellatus (Anonymous), Pseudobalistes fuscus (Bloch et Schneider) (both Balistidae), Lagocephalus sceleratus (Gmelin)
(Tetraodontidae) and Aluterus monoceros (Linnaeus) (Monacanthidae). Co-parasitising larvae of Ascarophis sp. and Hysterothylacium
sp. were also collected from P. fuscus. All these findings represent new host and geographical records. A key to valid species of Echi-

nocephalus Molin, 1858 is provided.

Keywords: Parasitic nematode, Gnathostomatoidea, elasmobranchs, marine fish, paratenic host, South Pacific.

As mentioned by Moravec and Justine (2006), the tax-
onomy of nematodes of the gnathostomatid genus Echino-
cephalus Molin, 1858 remains rather confused, mainly be-
cause of the inadequate descriptions of many species, often
based on larval forms collected from teleost fishes or some
marine invertebrates, which probably serve only as paraten-
ic or second intermediate hosts for these parasites (Ivashkin
and Khromova 1976, Anderson 2000). The revision of the
respective literature shows that only elasmobranchs, main-
ly rays and less often sharks, are the definitive hosts (as
defined by Odening 1976) of Echinocephalus spp. To date,
two species of Echinocephalus, Echinocephalus overstreeti
Deardorft et Ko, 1983 and Echinocephalus sinensis Ko,
1975, have been recorded from New Caledonian waters,
in the rays Taeniurops meyeni (Miiller et Henle) and Aeto-
batus ocellatus (Kuhl) (reported as Aetobatus cf. narinari
(Euphrasen)), respectively (Moravec and Justine 2006).
Other nematodes from elasmobranchs (sharks) off News
Caledonia were reported by Moravec and Justine (2020).

The recent examination of nematodes collected from
the stingray Pastinachus ater (Macleay) (Dasyatidae) and

some teleosts of the perciform and tetraodontiform fam-
ilies Balistidae, Monacanthidae, Nemipteridae, Sparidae
and Tetraodontidae off New Caledonia during 2005-2009,
revealed the presence of adult nematodes representing a
new species of Echinocephalus in the ray and congener-
ic larvae (Echinocephalus spp.) in teleosts. In addition to
Echinocephalus larvae, co-infecting third-stage larvae of
Ascarophis van Beneden, 1871 (Cystidicolidae) and Hys-
terothylacium Ward et Magath, 1917 (Anisakidae) were
recorded from Pseudobalistes fuscus (Bloch et Schneider)
(Balistidae). The results of detailed studies of these para-
sites are presented herein. This study adds new records of
fish parasites off New Caledonia, already abundantly docu-
mented (Justine 2010, Justine et al. 2010a,b, 2012a).

MATERIALS AND METHODS

Fish were caught off New Caledonia by various means. Nema-
todes were generally obtained by the wash method (Justine et al.
2012b), followed by examination of organs for encapsulated ne-
matodes. The nematodes were fixed in 70% ethanol. For light mi-
croscopical examination (LM), they were cleared with glycerine.
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Fig. 1. Echinocephalus inserratus sp. n. ex Pastinachus ater (Macleay). A — anterior end of female, lateral view; B — posterior end of
female, lateral view; C — cephalic end of male, dorsoventral view; D — cephalic end of female, lateral view; E — posterior end of larger
male, lateral view; F — male tail, ventral view (arrow indicates phasmid); G — posterior end of smaller male, lateral view; H — egg.

Drawings were made with the aid of a Zeiss microscope drawing
attachment. Specimens used for scanning electron microscopical
examination (SEM) were postfixed in 1% osmium tetroxide (in
phosphate buffer), dehydrated through a graded acetone series,
critical-point-dried in CO, and sputter-coated with gold; they
were examined using a JEOL JSM-7401F scanning electron mi-
croscope at an accelerating voltage of 4 kV (GB low mode). All
measurements are in micrometres unless otherwise indicated. The
type and voucher specimens were deposited in the Helmintholog-
ical Collection of the Institute of Parasitology, Biology Centre
of the Czech Academy of Sciences, Ceské Budgjovice, Czech
Republic (IPCAS) and in Muséum National d’Histoire Naturel-
le, Paris, France (MNHN). The nematode classification system
adopted follows Key to Nematode Parasites of Vertebrates (An-
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derson et al. 2009, Gibbons 2010). The fish nomenclature follows
FishBase (Froese and Pauly 2020).

RESULTS
Family Gnathostomatidae Railliet, 1895
Figs. 1-3

Echinocephalus inserratus sp. n.

ZooBank number for species:
urn:lsid:zoobank.org:act:E1640959-B489-4A 11-96E8-5FE203A105FE

General: Large nematodes with finely transversely stri-
ated cuticle (Fig. 3B,D,G). Cephalic end provided with 2
large lateral pseudolabia with trilobed anterior portions;
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Fig. 2. Echinocephalus inserratus sp. n. ex Pastinachus ater (Macleay), scanning electron micrographs. A, B — anterior end of male,
dorsoventral and apical views, respectively; C — anterior end of female, lateral view; D, E — region of pseudolabia of male, apical and
dorsoventral views, respectively; F — detail of spines on cephalic bulbous inflation. Abbreviations: b — labial papilla; d — pseudolabium;

¢ —amphid; f— deirid.

each lobe bears 2 cuticular thickenings along external edg-
es, which interlock with those of opposite pseudolabium;
medial part of each pseudolabium dorsoventrally elongat-
ed, provided with pair of submedian papillae and lateral
amphid between them in region posterior to lobes (Figs.
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1A,C,D, 2A-E, 3A,E). Small triangular interlabia (1dorsal
and 1 ventral) present between pseudolabia. Posterodorsal
and posteroventral parts of each pseudolabium and inter-
labia without cuticular serrations (Figs. 2C,E, 3A,E). Ce-
phalic bulb prominent, armed with 32-33 transverse rows
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of small, elongate spines; some rows discontinuous; rows
of spines close to each other but non-overlapping; approx-
imately 10 anteriormost rows formed by distinctly smaller
spines as compared with those on middle portion of ce-
phalic bulb and posteriormost row of spines consisting of
conspicuously very small and thin spines (Figs. 1A,C,D,
2A-D,F, 3A,E). Oesophagus long (17-20%) of body
length, widest near its posterior end, not clearly divided
into anterior muscular and posterior glandular portions.
Four cervical sacs present, extending posteriorly to about
1-2 thirds of oesophagus length (Fig. 1A). Deirids well
developed, situated symmetrically somewhat posterior to
level of nerve ring (Figs. 1A,C, 3E).

Male (2 specimens; holotype; measurements of paratype
in parentheses): Length of body 33.12 (12.21) mm, max-
imum width 789 (286). Length of pseudolabia 177 (68).
Cephalic bulb 408 (272) long, 571 (354) wide. Transverse
rows of spines 32 (33) in number; length of spines (includ-
ing roots) 3—12 (3-9); distance between rows 0—12 (3-9).
Length of entire oesophagus 5.74 (2.39) mm, 17% (20%)
of body length, maximum width 408 (163). Nerve ring and
deirids 639 (408) and 898 (517), respectively, from anteri-
or extremity. Cervical sacs ending 3.28 (1.67) mm from an-
terior end of body. Posterior end of body curved ventrally.
Spicules almost equal, 1.48 (1.10) mm long, 4.5% (9.02%)
of body length. Gubernaculum poorly developed, about
299 (150) long. Simple (unilobed) vesicular caudal alae
present; area rugosa composed of minute bosses extending
in lateral regions approximately between 3rd to Sth pairs of
caudal papillae. Caudal papillae 7 pairs: 2 subventral pairs
preanal, 1 subventral pair adanal and 4 pairs (3 subventral
and 1 lateral) postanal; pair of papilla-like phasmids locat-
ed laterally posterior to posteriormost pair of caudal papil-
lac (Figs. 1E-G, 3B,D,F,G). Tail 857 (258) long.

Female (1 ovigerous specimen, allotype): Length of
body 35.61 mm, maximum width 816. Length of pseudola-
bia 163. Cephalic bulb 476 long and 598 wide. Transverse
rows of spines 33 in number; length of spines (including
roots) 3—12; distance between rows 0—18. Length of en-
tire oesophagus 6.16 mm (17% of body length), maximum
width 422. Nerve ring and deirids 707 and 938, respective-
ly, from anterior extremity. Cervical sacs ending 2.48 mm
from anterior end of body. Vulva in posterior part of body,
33.46 mm from anterior extremity (at 94% of body length),
680 anterior to anus; vagina directed anteriorly from vul-
va (Fig. 1B). Uterus containing numerous eggs. Eggs oval,
thin-walled, unembryonated, size 48—51x 33-36 (Fig. 1H).
Tail conical, 1.36 mm long, with pair of lateral phasmids
located short distance anterior to tail tip (Figs. 1B, 3C).

Type host: Broad cowtail stingray Pastinachus ater (Macleay)
(Dasyatidae, Myliobatiformes).

Details of fish: One ray, obtained from the fishmarket in
Nouméa, New Caledonia, 27 November 2009, length 1,420
mm, span 640 mm.

Site of infection: Spiral valve.

Type locality: Off New Caledonia.

Prevalence and intensity: 1 fish infected/1 fish examined; 3
nematodes.

Deposition of type specimens: [IPCAS N-1250 (anterior and

Folia Parasitologica 2021, 68: 014

Moravec and Justine: Echinocephalus inserratus sp. n.

posterior body ends of holotype, allotype and paratype mount-
ed on SEM stub) and MNHN JNC 3139 (middle body parts of
holotype, allotype and paratype preserved in a vial with 70%
ethanol for possible future sequencing).

Etymology: The specific name inserratus (= non-serrated) of
this nematode is a Latin adjective relating to the fact that there
are no cuticular serrations on the interlabia and the posterior
parts of pseudolabia in this species.

Remarks. At present, the genus Echinocephalus con-
tains the following 11 valid species: E. daileyi Deardorff,
Brooks et Thorson, 1981; E. diazi Troncy, 1969; E. janzeni
Hoberg, Brooks, Molina-Ureia et Erbe, 1998; E. multiden-
tatus Baylis et Lane, 1920; E. overstreeti Deardorff et Ko,
1983; E. pseudouncinatus Millemann, 1951; E. pteroplatae
Wang, Zhao et Chen, 1978; E. sinensis Ko, 1975; E. south-
welli Baylis et Lane, 1920; E. spinosissimus (Linstow in
Shipley et Hornell, 1905); and E. uncinatus Molin, 1858
(see Shipley and Hornell 1905, Baylis and Lane 1920, Mil-
lemann 1951, 1963, Troncy 1969, Ko 1975, Wang et al.
1978, Deardorff et al. 1981, Deardorff and Ko 1983, Beve-
ridge 1985, Hoberg et al. 1998).

On the contrary, the six poorly described species of this
genus from India, all with descriptions based on adults,
Echinocephalus chengii Singh, Chauhan et Khare, 2010,
E. mastacembeli Begum et Gupta, 2012; E. mobulae
Kalyankar, 1971, E. scoliodonti Lakhsmi, 1994, E. uni-
spiculus Arya, 1982 and E. waltairensis Lakshmi, Rao et
Shyamasundari, 1984 (see Arya 1982, Begum and Gup-
ta 2012, Kalyankar 1971, Lakshmi et al. 1984, Lakshmi
1994, Singh et al. 2010, Sood 2017), should be considered
species inquirendae. Of them, E. mastacembeli was appar-
ently established on misidentified specimens of Spinitectus
Fourment, 1884, probably S. mastacembeli Karve et Naik,
1951.

The species of Echinocephalus described solely from
larvae should also be considered as species inquirendae
or species dubiae, because the morphology of larvae is
considerably different from that of conspecific adults and,
therefore, any interspecific comparison based on mor-
phology is impossible. This concerns Echinocephalus
carpiae Abdel-Ghaffar, Bashtar, Mehlhorn, Abdel-Gaber,
Al Quraishy et Saleh, 2013, E. crassostreai Cheng, 1975,
E. muraenesocis Bilgees, Khanum et Jehan, 1971 and
E. oligocanthus Arya, 1977 (see Bilgees et al. 1971, Cheng
1975, Arya 1977, Abdel-Ghaffar et al. 2013, Sood 2017).

Of the above-mentioned valid species of Echinoceph-
alus, the new species is most similar in nearly all mor-
phological features to E. overstreeti, which was originally
described from the ray Taeniurops meyeni (syn. Taeniura
melanospilos Bleeker) (Dasyatidae) from the Marquesas
Islands, South Pacific (Deardorff and Ko 1983) and later
reported (but not described) from the ray Urogymnus as-
perrimus (Bloch et Schneider) (Dasyatidae) from Eniwetok
(also spelled Enewetak) Atoll in the Marshall Islands of
the eastern Pacific (Brooks and Deardorff 1988) and from
the type host (7. meyeni) off New Caledonia (Moravec and
Justine 2006). Beveridge (1987) reported E. overstreeti
from the shark Heterodontus portusjacksoni (Meyer) (Het-
erodontidae, Heterodontiformes) (see also Andrews et al.
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Fig. 3. Echinocephalus inserratus sp. n. ex Pastinachus ater (Macleay), scanning electron micrographs. A — region of pseudolabia
of female, sublateral view; B — male tail of larger specimen, ventrolateral view (arrows indicate caudal papillae); C — tail of female,
sublateral view; D —region of cloaca with lateral cuticular ornamentation (area rugosa), ventral view (arrows indicate caudal papillae);
E — anterior end of male, dorsoventral view; F, G — posterior end of smaller male, sublateral and ventral views, respectively. Abbrevi-
ations: a — anus; b — labial papilla; ¢ — cloaca; d — pseudolabium; ¢ — amphid; f— deirid; g — phasmid.

Folia Parasitologica 2021, 68: 014 Page 5 of 14
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1988) and an additional 11 elasmobranch and chimeriform
fishes belonging to the orders Chimaeriformes, Myliobat-
iformes, Orectolobiformes, Rajiformes, Rhinopristiformes
and Torpediniformes (but gravid nematode females were
found only in H. portusjacksoni). Nevertheless, further
studies, including molecular methods, should confirm such
a low degree of host specificity in E. overstreeti.

The new species mainly differs from E. overstreeti in
having no cuticular serrations on the base of each pseu-
dolabium and on interlabia. Although these serrations have
not been mentioned in the original description of E. over-
streeti (mouth structures were probably examined only
by LM), they are well visible and very distinct on SEM
micrographs of this nematode from the type host off New
Caledonia, provided by Moravec and Justine (2006). Their
presence in E. overstreeti was also described by Beveridge
(1987).

Echinocephalus inserratus sp. n. also differs from
E. overstreeti in that its gubernaculum is longer (150—
299 pum vs 63—-101 pm). The number and distribution
of caudal papillac seem to be identical in both these
species, corresponding practically to those illustrated
for E. overstreeti by Beveridge (1987). Observations of
Deardorff and Ko (1983) on the distribution of papillae in
E. overstreeti and of Moravec and Justine (2006) on the
number of postanal papillae in the same species, were
apparently inaccurate. It is necessary to remark that the
caudal papillae are not readily visible in these fairly large
nematodes under the LM and sometimes even when using
SEM (because of the ventrally curved tail).

Distinction of E. inserratus sp. n. from other congeners
is apparent from the key to Echinocephalus spp. at the end
of the Discussion.

Echinocephalus spp. larvae Figs. 4,5
Description (2 specimens from Acanthopagrus ber-
da; measurements of 4 specimens from Pseudobalistes
fuscus in parentheses): Body 15.44-15.55 (10.91-12.51)
mm long, maximum width 408 (340—408). Deirids and
excretory pore not found. Pseudolabia simple, 2741 (27)
long; each with 2 well-developed papillae and amphid
(Fig. 5A—C). Small rounded interlabia present. Cephalic
bulb 258-272 (190-218) long, 367408 (272) wide, armed
with 6 transverse rows of claw-shaped spines 9—15 (9-15)
long (including their roots); size of spines gradually in-
creasing from first to sixth row (Figs. 4A, SA-C). In ad-
dition, 2 groups of minute spines, 1 dorsal and 1 ventral,
present between interlabia and first anterior ring of larger
spines on cephalic bulb; each group consisting of spines
arranged in 3 rows of 2, 2 and 3 spines; 1 or 2 larger spine-
like formations present laterally to third row of 3 spines
(Fig. 5C). Four cervical sacs present (Fig. 4A). Oesopha-
gus 2.99-3.41 (2.67-2.79) mm long, representing 19-22%
(22-24%) of body length; its maximum width 190-272
(258-313). Nerve ring 381 (313) from anterior extremity
(Fig. 4A). Tail conical, 258-272 (313-408) long; tail tip of
2 larger female larvae with distinct terminal mucron 3 long
(Figs. 4B, 5D). These larger female larvae possess vulva
still covered by cuticle, situated 14.38—-14.42 mm from an-
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terior extremity (at 93% of body length); vagina directed
anteriorly from vulva (Fig. 4A).

Hosts: Perciformes: Goldsilk seabream Acanthopagrus berda
(Forsskal) (Sparidae) and fork-tailed threadfin bream Nemip-
terus furcosus (Valenciennes) (Nemipteridae); Tetraodon-
tiformes: Abalistes stellatus (Anonymous), yellow-spotted
triggerfish Pseudobalistes fuscus (Bloch et Schneider) (both
Balistidae), silver-cheecked toadfish Lagocephalus sceleratus
(Gmelin) (Tetraodontidae) and unicorn leatherjacket filefish
Aluterus monoceros (Linnaeus) (Monacanthidae).

Details of infected fishes: 4. berda, fish specimen JNC2224,
6 July 2007, fishmarket, Nouméa; N. furcosus, fish specimen
INC2258, fork length 330 mm, 21 July 2007, Baie des Cit-
rons, off Nouméa; JNC2272, fork length 251 mm, 4 August
2007, Baie des Citrons, off Nouméa; INC2272, fork length 251
mm, 4 August 2007, Baie des Citrons, off Nouméa; INC2287,
INC2288, fork length 230-252 mm, weight 207-294 g, 30
August 2007, Baie Maa, near Nouméa; JNC2504, fork length
210 mm, weight 158 g, Baie des Citrons; JNC3017, 3018, fork
length 239 mm, weight 226 g, 10 August 2009, Pointe Bovis,
near Nouméa; A. stellatus, fish specimen INC2271, 4 August
2007, fork length 380 mm, Baie des Citrons, off Nouméa. P.
fuscus, fish specimen JNC1680, 13 December 2005, fork length
550 mm, weight 4,700 g, inside Récif Toombo, off Nouméa;
L. sceleratus, fish specimen JNC2298, 4 August 2007, fork

ATENS
Yvvvvvyyy vy
YWV YV vy
JVVyyViyvy

VA, Vvv

Fig. 4. Female larva of Echinocephalus sp. ex Acanthopagrus
fuscus. A — anterior end, lateral view; B — posterior end, lateral
view; C, D — cuticular spine including root on cephalic bulb, late-
ral and dorsal views, respectively.
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Fig. 5. Larva of Echinocephalus sp. ex Acanthopagrus fuscus, scanning electron micrographs. A, B — cephalic end, dorsoventral and
apical views, respectively; C —region of pseudolabia, apical view (arrows indicate two rows of minute spines); D — tail, sublateral view.

Abbreviation: a — anus.

length 172 mm, weight 76 g, Baie des Citrons, off Nouméa;
A. monoceros, fish specimen JNC2262, male, fork length 545
mm, weight 1,600 g, Reef near Passe de Dumbéa, off Nouméa.
Site of infection: Surface of inner organs (mostly encapsulated).
Locality: Off Nouméa, New Caledonia.
Prevalence and intensity: 4. berda: 1 fish infected/10 fish ex-
amined; 1 nematode. N. furcosus: 6/160; 1-4. A. stellatus: 1/6;
1. P. fuscus: 1/12; 4. L. sceleratus: 1/23; 1. A. monoceros: 1/1; 1.
Deposition of specimens: MNHN JNC1680, JNC2258,
JNC2262H, JNC2271, JNC2272, JNC2287, JNC2288,
JNC2298, INC2504, INC3017 and JINC3018.

Remarks. In having the cephalic bulb armed with six
rows of spines, these nematodes represent larvae of Echi-
nocephalus. They were mostly found encapsulated in their
fish hosts. Since some of them already possessed the vulva
(still covered by the cuticle) and the developing vagina,
it is apparent that they represented the fourth larval stage.
Nevertheless, the presence of third-stage larvae in this ma-
terial cannot be excluded, because some specimens fixed
inside capsules could not be studied in detail.

To date, no developmental cycle has been studied in
any species of Echinocephalus, but congeneric larvae
were often recorded (in addition to elasmobranchs serving
as the definitive hosts) from marine invertebrates, mainly

Folia Parasitologica 2021, 68: 014

molluscs and echinoderms, and from a variety of teleost
fishes (see Ivashkin and Khromova 1976, Anderson 2000).
In contrast to adult forms of Echinocephalus from eclas-
mobranchs, larger congeneric larvae differ considerably
in having their cephalic bulb armed with only six major
transverse rows of spines and two groups (dorsal and ven-
tral) of few minute spines, arranged in two or three rows
(Millemann 1963, Ko 1975, Beveridge 1987, Moravec
and Justine 2006). Unfortunately, several nominal species
of Echinocephalus have been established based solely on
such larvae (see above), which contributed to taxonomic
confusions in this genus.

Since the life cycles and morphogenesis of larvae of
Echinocephalus spp. remain unknown, at present the spe-
cies identification of congereric larvae from marine inver-
tebrates and teleost fishes based on morphological features
is impossible. Nevertheless, Moravec and Justine (2006)
showed some differences in the number and arrangement
of the minute spines in dorsal and ventral groups among
Echinocephalus larvae from different hosts, which might
be of taxonomic importance. However, to date, only the
larvae of E. pseudouncinatus, E. overstreeti and E. sinensis
have been described in some detail, of which only those of
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E. overstreeti were studied by SEM (Millemann 1963, Ko
1975, Moravec and Justine 20006).

Whereas the third-stage larva of E. pseudouncinatus
was illustrated to have dorsal and ventral groups of min-
ute spines in two rows, each consisting of two and four
spines (Millemann 1963) and that of E. sinensis possess-
ing three rows of minute spines in each of the dorsal and
ventral group, consisting of two, two and three spines (Ko
1975); the same number and arrangement of minute spines
was observed in an Echinocephalus larva from a Mexican
teleost (Moravec and Justine 2006); the third-stage larva
from scallops (molluscs) in South Australia, considered to
belong to E. overstreeti, had the dorsal and ventral groups
of minute spines in two rows each, formed by two and
three spines (Beveridge 1987). However, in contrast, the
larvae of E. overstreeti collected along with adults from the
type host species (7. meyeni) in New Caledonia had dorsal
and ventral groups of minute spines arranged in three rows
each, with two, two and six spines, and with two larger
spine-like formations laterally to the third row of six spines
(Moravec and Justine 2006).

In having three rows of minute spines in each dorsal and
ventral groups, consisting of two, two and three spines and
one or two larger spine-like formations laterally to the third
row of three spines, the present Echinocephalus larvae ex-
amined by SEM (from 4. berda) evidently differ from all
the above-mentioned congeneric larvae studied to date.
Consequently, only future studies with the use of molecu-
lar methods may enable the species identification of these
larvae. Nevertheless, the present findings of Echinocepha-
lus larvae in all the above-mentioned species of teleosts in
New Caledonia represent new host records.

It is already known that N. furcosus is a fish with a rich
parasite diversity (Justine et al. 2012a); this report adds yet
another species to the total.

Family Cystidicolidae Skryabin, 1946

Ascarophis sp. third-stage larva Figs. 6,7
Description (1 specimen): Body small, filiform, whit-
ish, 6.15 mm long, maximum width 66. Cuticle thin,
densely transversely striated (Fig. 7D,E); striation more
apparent in middle part of body; width of striae at this body
portion 6. Cephalic end rounded, with small anteriorly pro-
truding pseudolabia. Oral aperture oval, surrounded by 4
submedian cephalic papillac and pair of lateral amphids
(Figs. 6B, 7A—C). Lateral pseudolabia small, rounded in
apical view, partly covering oral aperture, each with pair
(1 dorsal and 1 ventral) of minute round extensions; in lat-
eral view pseudolabia form anterior projections. Sublabia
absent (Figs. 6B, 7A—C). Deirids small, simple, situated at
short distance anterior to anterior end of muscular oesoph-
agus, at 108 from anterior extremity (Figs. 6C,D, 7D,F).
Vestibule (stoma) long, with small funnel-shaped prostom
at anterior end in lateral view (Fig. 6C,D); length of ves-
tibule including prostom 120. Muscular oesophagus 243
long, maximum width 21, well separated from glandular
oesophagus; glandular oesophagus 1.29 mm long, maxi-
mum width 36; length ratio of both oesophageal portions
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Fig. 6. Larva of Ascarophis sp. ex Pseudobalistes fuscus (Bloch
et Schneider). A — anterior (oesophageal) part of body, lateral
view; B, C — cephalic end, apical and lateral views, respectively;
D — anterior end, lateral view; E — caudal end, lateral view.
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Fig. 7. Larva of Ascarophis sp. ex Pseudobalistes fuscus (Bloch et Schneider), scanning electron micrographs. A — cephalic end, apical
view; B, C — cephalic end, dorsoventral and lateral views, respectively; D — anterior end of body, lateral view (arrow indicates deirid);
E — tail tip with terminal mucron, lateral view; F — deirid. Abbreviations: a — amphid; b — cephalic papilla; p — pseudolabium.

1 : 5.31 (Fig. 6A,D). Length of vestibule and entire oe-
sophagus represents 27% of body length. Intestine narrow,
pale-coloured. Nerve ring and excretory pore 180 and 240,
respectively, from anterior extremity (Fig. 6A,D). Genital
primordium very elongated, inconspicuous, situated ven-
trally at approximately 2/3 of body length. Tail conical, 72

Folia Parasitologica 2021, 68: 014

long, with small terminal digitiform mucron 6 long (Figs.
6E, 7E).

Host: Yellow-spotted triggerfish Pseudobalistes fuscus (Bloch et
Schneider) (Balistidae, Tetraodontiformes).

Details of fish: Fish specimen JNC2164, fork length 437 mm,
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weight 2,000 g.

Site of infection: Intestine.

Locality: Near Récif Toombo, off Nouméa, New Caledonia, 7
May 2007.

Prevalence and intensity: 1 fish infected/12 fish examined;
1 nematode.

Deposition of specimen: Not deposited, used for SEM.

Remarks. The general morphology and measurements
of the only available specimen indicate that this belongs
to the cystidicolid genus Ascarophis, including parasites
of the digestive tract of marine and estuarine fishes (Ko
1986). The presence of a moderately developed genital pri-
mordium and a characteristic mucron on the tail tip show
that they are at the third larval stage. Since no species of
Ascarophis has so far been described from fishes of the
family Balistidae, it is probable that these larvae belong to
a new species for which P. fuscus serves as the definitive
host.

The life cycles of Ascarophis spp. include crustaceans
(e.g., gammarids) as intermediate hosts, in which the nem-
atode larvae can even attain sexual maturity (Fagerholm
and Butterworth 1988, Appy and Butterworth 2011).

Family Anisakidae Railliet et Henry, 1912

Hysterothylacium sp. third-stage larva Figs. 8,9

Description (2 specimens): Length of body 8.73-10.31
mm, maximum width 272-340. Cephalic end with round-
ed formation 39-51 long, representing primordium of de-
veloping lips; oral aperture triangular, surrounded by 4 (2
dorsal and 2 ventrolateral) poorly visible cephalic papil-
lae (Figs. 8A, 9A—C). Two very narrow lateral alae extend
along body (Fig. 9C,D). Oesophagus 680-748 long and
68—82 wide. Ventriculus spherical, 6895 in diameter; ven-
tricular appendix markedly broad, 653—-680 long, 163—177
wide. Intestinal caecum short, 340-354 long, 68—82 wide,
extending anteriorly to about mid-way between nerve ring
and ventriculus. Caecum to ventricular appendix length
ratio 1 : 1.8-2.0. Nerve ring and excretory pore 313-340
and 313-354, respectively, from anterior extremity (Fig.
8A). Coils of developing genital tract located in posterior
part of body. Tail conical, with its approximately last third
abruptly narrowed to conspicuously digitiform appendix
(Figs. 8B, 9D,E).

Host: Yellow-spotted triggerfish Pseudobalistes fuscus (Bloch et
Schneider) (Balistidae, Tetraodontiformes).

Details of fish: fish specimen JNC1680, fork length 550 mm,
weight 4,700 g.

Site of infection: Intestine.

Locality: Inside Récif Toombo, off Nouméa, New Caledonia,
13 December 2005.

Prevalence and intensity: 1 fish infected/12 fish examined;
2 nematodes.

Deposition of specimes: Not deposited, used for SEM.

Remarks. The morphology of the present larvae of
Hysterothylacium sp. is interesting especially by the shape
of the tail. Larvae of this genus are unidentifiable to species
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Fig. 8. Third-stage larva of Hysterothylacium sp. ex Pseudoba-
listes fuscus (Bloch et Schneider). A — anterior end, lateral view;
B — caudal end, lateral view.

by morphological features. Nevertheless, judging from the
host type, it cannot be excluded that these larvae belong to
an undescribed species maturing in P. fuscus.

DISCUSSION

The nematode family Gnathostomatidae comprises
three genera with adults parasitising elasmobranch and tel-
cost fishes: Ancyracanthus Diesing, 1838, Echinocephalus
and Mooleptus Ozdikmen, 2010 (syn. Metaleptus Machida,
Ogawa et Okiyama, 1982) (see Moravec 2007). Whereas
Ancyracanthus includes one species parasitic in Neotropi-
cal characids and another one parasitising chelonians, and
Mooleptus is represented by a single species from sharks,
many nominal species of Echinocephalus were described
from elasmobranchs and teleosts (Moravec 2007, Gibbons
2010, Ozdikmen 2010). However, as mentioned above,
the validity of numerous species of Echinocephalus can-
not be accepted and those considered valid are limited in
host distribution to marine and freshwater elasmobranchs,
primarily rays.

The taxonomy of Echinocephalus is practically ba-
sed on morphological features. Nevertheless, there is a
need for the use of SEM, especially for the study of the
structure of pseudolabia, spines on the cephalic bulb, ge-
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Fig. 9. Third-stage larva of Hysterothylacium sp. ex Pseudobalistes fuscus (Bloch et Schneider), scanning electron micrographs. A —
anterior end, subventral view; B — cephalic end, apical view; C — anterior end, lateral view; D, E — posterior end, lateral and ventral
views, respectively. Abbreviations: a — anus; e — excretory pore; 1 — lateral ala.

nital papillae and ventral cuticular ornamentations on the
male caudal end, features that are not always readily visi-
ble under LM. A phylogenetic analysis of Echinocephalus
spp. based on morphological features was provided by Ho-
berg et al. (1998). However, the use of molecular methods
of these nematodes in future studies is highly needed. To
date, only three nominal species, E. carpiae (species inqui-
renda), E. overstreeti and E. pseudouncinatus, have been
sequenced (e.g., Abdel-Ghaffar et al. 2013).

Encapsulated larvae of Echinocephalus were recorded
from the muscles of some molluscs by Shipley and Harnell
(1905), Stossich in Shipley and Harnell (1906) and Baylis
and Lane (1920); the last-named authors considered ma-
rine bivalves to serve as the intermediate hosts for these
nematodes. Marine molluscs (e.g., oysters and scallops)
and echinoderms (sea urchins) were designated as possible
intermediate hosts of Echinocephalus spp. by subsequent
authors (e.g., Millemann 1951, 1963, Ko 1975, Beveridge
1987).

Folia Parasitologica 2021, 68: 014

Larvae of Echinocephalus were also recorded from tel-
cost fishes (e.g., Johnston and Mawson 1945a,b, Ivashkin
and Khromova 1976). However, Ivashkin and Khromova
(1976) showed that the intermediate hosts of nematodes
of two other gnathostomatid genera, Gnathostoma Owen,
1836 and Spiroxys Schneider, 1866, are crustaceans (cope-
pods), whereas molluscs were found to serve as reservoir
(= paratenic) hosts. Therefore, these authors presumed that
the true intermediate hosts of Echinocephalus spp. are not
molluscs but marine crustaceans and that molluscs, echino-
derms and teleost fishes play a role of reservoir (= paraten-
ic) hosts. Anderson (2000) also considered arthropods,
probably marine crustaceans such as copepods, as possible
intermediate hosts of E. sinensis and E. pseudouncinatus,
and molluscs, echinoderms and other marine organisms as
paratenic or second intermediate hosts in which growth oc-
curs.

We agree with Ivashkin and Khromova (1976) that ma-
rine invertebrates, excluding crustaceans, and teleost fishes
serve probably only as paratenic hosts (in the conception of
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Odening 1976) for Echinocephalus spp. In contrast to the
second intermediate hosts, which are obligatory for com-
pleting the parasite’s life cycle, paratenic hosts need not
participate in the cycle, even though they may represent an
important source of infection for the definitive host. The
presence of four-stage larvae of Echinocephalus in some
teleosts of the present material indicates that the echinoce-
phalid larvae may not only grow in the body of the parate-
nic host, but they may even attain their next larval stage (=
metaparatenic hosts according to Odening 1976).

As mentioned above, no developmental cycle of any
species of Echinocephalus has been studied experimenta-
1ly. Millemann (1963) considered larvae of E. pseudounci-
natus from molluscs to be at the second larval stage, whe-
reas the congeneric larvae of E. sinensis from oysters were
taken by Ko (1975) for second-stage (smaller) or third-st-
age (larger) larvae. However, the cephalic morphology of
both these larval forms was much the same (presence of six
rows of larger cephalic spines), indicating that these were
most probably third- and fourth-stage larvae; the presence
of the developing vagina in female larvae (designated as
third-stage larvae) is, in fact, typical of the fourth larval st-
age. A microphotograph of second-stage larvae of E. over-
streeti hatched from eggs after 10 days of cultivation in
sea-water was provided by Beveridge (1987). This clearly
shows that the morphology of these larvae and their body
size (length 108—122 um) are very different from those of
the larvae from molluscs reported by Millemann (1963)
and Ko (1975).

The present finding of Echinocephalus fourth-stage lar-
vae in teleost fishes and those collected by Ko (1975) in
oysters (see above) indicate that larvae may moult in pa-
ratenic hosts to attain the fourth larval stage. Nevertheless,
it is necessary to confirm this experimentally. Apparently,
there is very low host specificity of infective larvae (L, and
L,) of Echinocephalus spp. at the level of paratenic hosts
and, consequently, one paratenic host may harbour the lar-
vae of different species of Echinocephalus. At present, the-
se larvae could be identified to species only by molecular
methods.

Key to the valid species of Echinocephalus:
1. Complete transverse rows of spines on cephalic bulb

1129 I number .......ooviiiiiiiiii 2
- Complete transverse rows of spines on cephalic bulb
usually 30—43 in number...............ccoceiiiiiiinnn.. 7

2. Length of spicules 800-840 pum. Deirids considerably
asymmetrical. Transverse rows of spines on bulb
24-26. Allegedly 5 (2 preanal and 3 postanal) pairs
of caudal papillae; anterior 2 pairs of preanals at mid-
length of tail, last pair of preanals just anterior to tail
tip. Parasitic in Gymnuridae (Gymnura japonica
(Temminck et Schlegel)) (butterfly rays); Taiwan Strait

................................................... E. pteroplatae
- Spicules longer than 1 mm. Deirids symmetrical.
Parasitic in hosts of other families ....................... 3

3. Caudal alac markedly bilobed. Males with modified
annules in ventral region anterior to caudal alae.
Cephalic bulb with 25 transverse rows of spines.
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Spicules 2 mm long. Eight (2 preanal and 6 postanal)
pairs of caudal papillae. Parasitic in Potamotrygonidae
(Potamotrygon hystrix (Miiller et Henle)) (river

stingrays); Venezuela ....................ooeenine. E. diazi
Caudal alae unilobed. Modified annules in ventral region
anterior to caudal alae lacking ........................... 4

. Rugose areas located on ventrolateral regions adjacent

to cloaca present. Parasites of bullhead sharks

(Heterodontidae) or eagle rays (Myliobatidae) ........ 5
Rugose areas in males not observed. Parasites of whiptail
stingrays (Dasyatidae) ..............cooviiiiiiiiniinn.. 6

preanal and
3postanal) pairs of caudal papillaec. Length of
spicules 1.39-2.12 mm (0.51-1.08 mm in juvenile
forms). Parasitic in bullhead sharks (Heterodontus
Blainville, Heterodontidae), juvenile forms also
in eagle rays (Myliobatis Cuvier, Myliobatidae);
eastern ~ North  Pacific  (California, = USA)
e er s e s eveesieenenee o .o B pseudouncinatus
Gubernaculum not observed. Seven (2 preanal, 1
adanal and 4 postanal) pairs of caudal papillac and
pair of phasmids present. Length of spicules 1.01-1.40
mm. Parasitic in Aectobatidae (cagle rays) (Aetobatus
Blainville); South China Sea (off southern China) and
South Pacific off Australia and New Caledonia...............
..................................................................... E. sinensis

. Length of spicules 1.40-1.49 mm. Transverse rows of

spines on bulb 11-13 in number. Caudal papillae: 3
preanal and 5 postanal pairs (adanal papillae absent).
Parasitic in Dasyatidae (whiptail stingrays) (Urogymnus
Miiller et Henle); Sri Lanka ............ E. multidentatus
Length of spicules 2 mm. Transverse rows of spines
on bulb 15-18 in number. Eight (3 preanal, 1 adanal
and 4 postanal) pairs of caudal papillae. Parasitic in
Dasyatidac (whiptail stingrays) (Urogymnus); Sri
Lanka ....oooovieiiiiii E. southwelli

. Six postanal papillae (excluding phasmids). Males with

modified annules in ventral region anterior to caudal
alae. Parasites of Potamotrygonidae and Dasyatidae in
Central and South America ..............oooeveiiinn.. 8
Four postanal papillae (excluding phasmids). Modified
annules in ventral region anterior to caudal alae
lacking. Parasites of Dasyatidae, Myliobatidae and
possibly some other elasmobranch families except for
Potamotrygonidae in other regions ..................... 9

. Male caudal alaec markedly bilobed. Transverse rows of

spines on bulb 30-38 in number. Spicules 1.18-2.00
mm long. Nine (3 preanal and 6 postanal) pairs of
caudal papillae. Parasitic in Dasyatidae (Himantura
pacifica (Beebe et Tee-Van)) (whiptail stingrays); East
Pacific (Costa Rica and Chiapas, Mexico) .... E. janzeni
Male caudal alac unilobed. Transverse rows of spines
on bulb 30-32 in number. Spicules 1.40-2.40 mm long.
Nine (3 preanal and 6 postanal) pairs of caudal papillae.
Parasitic in Potamotrygonidac (Potamotrygon spp.)
(river stingrays); northern South America (Colombia,
Brazil and Venezuela; Amazon and Orinoco Rivers
DASINS) . .vvvieeteiee e E. daileyi

. Lateral rugose regions adjacent to cloaca lacking.
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Transverse rows of spines on bulb 3040 in number.
Spicules 1.55-1.90 mm long. Seven (3 preanal and 4
postanal) pairs of caudal papillae and pair of phasmids.
Parasitic in Myliobatidae (Aetomylaeus Garman) and
Dasyatidac (Brevitrygon Last, Naylor et Manjaji-
Matsumoto); off India and Sri Lanka .. E. spinosissimus
- Lateral rugose regions adjacent to cloaca present.
Parasites of elasmobranchs in East Atlantic or South
Pacific regions .........coovvviiiiiiiiie e, 10
10. Posterodorsal and posteroventral part of base of each
pseudolabium and interlabia with distinct cuticular
SCITALIONS ...v ettt et ettt 11
- Posterodorsal and posteroventral part of each
pseudolabium and interlabia without cuticular
serrations. Transverse rows of spines on bulb 32-33.
Spicules 1.10-1.48 mm long. Seven (2 preanal, 1
adanal and 4 postanal) pairs of caudal papillae and pair
of phasmids. Parasitic in Dasyatidae (Pastinachus ater)
(whiptail stingrays); off New Caledonia ........c..c.cooc.....
........................................................ E. inserratus sp. n.
11. Caudal papillae of fourth to sixth pairs arranged in
cluster. Transverse rows of spines on bulb 31-40.
Spicules 1.00-1.25 mm long. Size of eggs 40 x 35 pm.
Parasitic in Dasyatidae (Bathytoshia Whitley, Dasyatis
Rafinesque) (whiptail stingrays); eastern North Atlantic
region (Adriatic and Black Seas) ........... E. uncinatus
- Caudal papillac of sixth pair located distinctly more
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