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Rhabdochona spp. (Nematoda: Rhabdochonidae) from fishes in the
Central African Republic, including three new species

FrantiSek Moravec and Miloslav Jirku

Institute of Parasitology, Biology Centre of the Academy of Sciences of the Czech Republic, Ceské Budgjovice, Czech Republic

Abstract: Based on light and scanning electron microscopical studies, three new, one already known and one not identified species
of the nematode genus Rhabdochona Railliet, 1916 are reported from the intestine of freshwater fishes in Dzanga-Sangha Protected
Areas (Congo River basin), the Central African Republic: Rhabdochona (Rhabdochona) centroafricana sp. n. from Barbus miolepis
Boulenger, R. (R.) marcusenii sp. n. from Marcusenius greshoffii (Schilthuis), R. (Globochona) paski Baylis, 1928 from Phenaco-
grammus aurantiacus (Pellegrin) (new host record), R. (G.) tricuspidata sp. n. from Raiamas christyi (Boulenger) and Rhabdochona
(G.) sp. (only females) from Epiplatys multifasciatus (Boulenger). Rhabdochona centroafricana is mainly characterised by the
length of the left spicule (333 um) and the presence of the operculum bearing a conspicuous gelatinous formation on one of egg
poles, R. marcusenii by the length of the left spicule (453—486 um) and the presence of a single broad filament on one egg pole only
and R. tricuspidata by the body with marked cuticular ornamentations and deirids branching into three prongs. A key to valid species
of Rhabdochona parasitic in fishes of Africa is provided.
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River basin

The nematode genus Rhabdochona Railliet, 1916
(Rhabdochonidae) comprises a large number of species
parasitising freshwater fishes in all zoogeographical re-
gions (Moravec 2010). Khalil and Polling (1997) listed
nine species of this genus recorded from freshwater fishes
in Africa. Of them, however, R. macrolaima Gendre, 1922,
described from a single young female from an unidenti-
fied fish in Gambia, was designated a species inquirenda
by Moravec (1972), whereas R. aegyptiaca El-Nafar et
Saoud, 1974, R. congolensis Campana-Rouget, 1961 and
R. versterae Boomker et Petter, 1993 have recently been
synonymised with R. paski Baylis, 1928 by Moravec et al.
(2013). Since the nematode fauna of freshwater fishes in
Africa is little known, it can be expected that additional
species of Rhabdochona will be discovered and described.

During recent helminthological investigations of some
freshwater fishes in Dzanga-Sangha Protected Areas
(DSPA), the Central African Republic, nematodes refer-
able to Rhabdochona were recovered from the intestine of
five fish species: Barbus miolepis Boulenger and Raiamas
christyi (Boulenger) (both Cyprinidae), Epiplatys multi-
fasciatus (Boulenger) (Nothobranchiidae), Marcusenius
greshoffii (Schilthuis) (Mormyridae) and Phenacogram-
mus aurantiacus (Pellegrin) (Alestidae).

Their detailed study using both light and scanning elec-
tron microscopy showed that nematodes from B. miolepis,
M. greshoffii and R. christyi represent three previously
undescribed species, that from P. aurantiacus an already

known species and female specimens from E. multifas-
ciatus were specifically unidentifiable. Results of this
study are presented herein.

MATERIALS AND METHODS

Fish were collected during night, using a hand net and torch
in a forest stream near the Mongambe research camp (2°55'4"N;
16°23'20"E) in the Dzhanga sector of Dzhanga-Ndoki National
Park, or obtained from local fishermen operating on the Sangha
River in the vicinity of Sangha Lodge (2°59'7"N; 16°13'S8"E),
within Dzanga-Sangha Special Dense Forest Reserve. Both lo-
calities are in DSPA located in the forest zone of the Central
African Republic. The nematodes recovered were washed in
physiological saline and then fixed in hot 4% formalin. For
light microscopy examination, the nematodes were cleared with
glycerine. Drawings were made with the aid of a Zeiss drawing
attachment. Specimens used for scanning electron microscopy
(SEM) were postfixed in 1% osmium tetroxide (in phosphate
buffer), dehydrated through a graded acetone series, critical-
point-dried and sputter-coated with gold; they were examined
using a JEOL JSM-7401F scanning electron microscope at an
accelerating voltage of 4 kV (GB low mode). All measure-
ments are in micrometres unless otherwise indicated. Fishes
were identified using vouchers and/or photographs by Mela-
nie L.J. Stiassny of the Department of Ichthyology, American
Museum of Natural History (AMNH), New York, USA and
Jouke van der Zee, Royal Museum for Central Africa, Tervuren,
Belgium. The names of fishes follow FishBase (Froese and
Pauly 2013).
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RESULTS

Rhabdochona (Rhabdochona) centroafricana sp. n.
Figs. 1,2

Description: Medium-sized nematodes with slightly
transversely striated cuticle (Fig. 2C,E,F). Oral open-
ing roughly tetragonal, surrounded by 4 small triangu-
lar submedian sublabia, 4 submedian cephalic papillae
and pair of lateral amphids (Figs. 1D, 2A,B). Prostom
funnel-shaped, armed with 14 anterior teeth (3 dorsal, 3
ventral and 4 lateral on either side); basal teeth slightly
outlined (Figs. 1B-D,F, 2A,B). Vestibule straight, rela-
tively long (Fig. 1B). Deirids medium-sized, bifur-
cate, situated somewhat anterior to middle of vestibule
(Figs.1B,C,E,F, 2D). Length ratio of muscular and glan-
dular oesophagus 1 : 7.9-10.2. Tail of both sexes conical,
with sharply pointed tip (Figs. 1G,J,K,L, 2C,E).

Male (1 specimen, allotype): Length of body 6.72 mm,
maximum width 109. Length of vestibule including pros-
tom 150; prostom 27 long, 15 wide. Muscular oesopha-
gus 270 long, maximum width 30; glandular oesophagus
2.12 mm long, maximum width 81; length ratio of both
parts of oesophagus 1 : 7.9. Entire oesophagus and vesti-
bule representing 38% of body length. Nerve ring, deirids
and excretory pore 195, 57 and 218, respectively, from
anterior extremity. Area rugosa absent.

Preanal papillae: 8 pairs of subventral and 1 pair of
lateral papillae present; lateral pair located at level of
third pair (counting from cloacal opening) of subven-
trals (Fig. 1K). Postanal papillae: 5 subventral and 1 lat-
eral pairs; lateral pair at level of first pair of subventrals
(Figs. 1K, 2E). Pair of small lateral phasmids situated
just posterior to last pair of subventral postanal papillae
(Fig. 2E).

Left spicule 333 long, length of shaft 120, represent-
ing 36% of spicule length; distal tip of extended spicule
broad, bifurcate, provided with large cuticular membrane
(Figs. 1LK, 2E). Right spicule boat-shaped, 111 long,
with narrowed dorsal distal end; dorsal barb on distal tip
of spicule indistinct (Fig. 1H). Length ratio of spicules
1 :3.00. Tail 345 long.

Female (1 complete and 3 incomplete gravid speci-
mens; measurements of holotype in parentheses): Length
of body 15.82 (15.82) mm, maximum width 163-286
(286). Length of vestibule including prostom 117-162
(162); prostom 21-36 (36) long, 15-24 (21) wide. Mus-
cular oesophagus 246402 (360) long, maximum width
2745 (45); glandular oesophagus 1.71-3.67 (3.67) mm
long, maximum width 81-150 (111); length ratio of both
parts of oesophagus 1 : 10.2 (1 : 10.2). Entire oesophagus
and vestibule representing 27 (27)% of body length.

Nerve ring, deirids and excretory pore 144-210 (210),
60-81 (66) and 189-285 (285), respectively, from ante-
rior extremity. Tail conical, 225 (225) long, with pointed
tip (Figs. 1G,L, 2C). Pair of distinct lateral phasmids situ-
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ated at about two thirds of tail (Fig. 2C). Vulva postequa-
torial, 5.24-9.93 (9.93) mm from anterior extremity, at
63 (63)% of body length; vulval lips not elevated. Vagina
directed posteriorly from vulva. Fully developed eggs
oval, smooth, thin-shelled, larvated; size (n = 20) 33-36
x 21-27 (33-36 x 24-27). One egg pole provided with
small operculum bearing small but distinct gelatinous for-
mation of irregular shape (Fig. IM—P).

Type host: Barbus miolepis Boulenger (Cypriniformes:
Cyprinidae), standard body length 6.0-7.0 cm.

Site of infection: Intestine.

Type locality: Small forest stream near Mongambe research
camp (2°55'4"N; 16°23"20"E) (Congo River basin), DSPA,
Central African Republic (collected 18 September 2012).

Prevalence and intensity of infection: 3 fish infected/3
fish examined; 1-5 nematodes per fish.

Deposition of type specimens: Helminthological Col-
lection of the Institute of Parasitology, BC AS CR (IPCAS;
N — 1026). Voucher of symbiotype of B. miolepis is depos-
ited, together with tissue sample in absolute alcohol, in the
Department of Ichthyology, American Museum of Natural
History, USA (AMNH 260338; field number CAR_T_080).

Etymology: The specific name centroafricana relates to the
region where specimens of the new species were collected,
i.e. Central Africa.

Remarks. In having 14 anterior prostomal teeth, bi-
furcate deirids and a sharply pointed tail tip without any
ornamentations, specimens of the present material evi-
dently belong to the nominotypic subgenus Rhabdochona
in the conception of Moravec (1975). Their morphology
is very similar to that of the African species Rhabdochona
(R.) gendrei Campana-Rouget, 1961 and R. (R.) esseniae
Mashego, 1990, both reported from congeneric hosts (Bar-
bus spp.). The former species was originally described by
Gendre (1922) from specimens found in Barbus sp. in
Gambia, but he incorrectly identified them as Rhabdocho-
na acuminata (Molin, 1860) (a South-American species).
Later, based on Gendre’s description, Campana-Rouget
(1961) established R. gendrei. She recorded it from three
Barbus spp. in the Democratic Republic of Congo (Lakes
Albert, Edward and Kivu), but provided no morphological
data; several specimens of her material were subsequently
re-examined and described by Moravec (1972). The lat-
ter species, R. esseniae, was inadequately described by
Mashego (1990) from four Barbus spp. in South Africa
(the Limpopo and Olifants drainage systems).

The new species distinctly differs from both R. gendrei
and R. esseniae in the length of the left spicule (333 um
vs 480-530 pum or 500-560 pm; see Gendre 1922,
Moravec 1972, Mashego 1990) and the shape of its distal
tip (widely cleft vs narrow). It can be also differentiated
from R. gendrei in a much shorter right spicule (111 pm
vs 140—170 pm) and from R. esseniae in markedly larger
and less elongate eggs (33—36 x 21-24 um vs 19-27 x
12—15 pm). The conspicuous gelatinous formation on one
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Fig. 1. Rhabdochona (Rhabdochona) centroafricana sp. n. from Barbus miolepis. A — anterior part of body of female, lateral view;
B — same, higher magnification; C, D — cephalic end of female, lateral and apical views; E — deirid; F — cephalic end of female,
dorsoventral view; G — female tail, lateral view; H — right spicule, lateral view; I — distal tip of left spicule, lateral view; J, L — distal
tip of male and female tail, respectively; K — caudal end of male, lateral view; M—P — mature eggs.
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Fig. 2. Rhabdochona (Rhabdochona) centroafiicana sp. n. from Barbus miolepis, scanning electron micrographs. A, B — cephalic
end, subapical and apical views; C — posterior end of female tail, sublateral view (arrow indicates phasmid); D — deirid; E — tail of
male, ventrolateral view (arrow indicates phasmid). Abbreviations: a — amphid; b — submedian cephalic papilla; s — sublabium.

pole of mature eggs of R. centroafricana sp. n. has been
found neither in R. gendrei nor R. esseniae. Rhabdochona
centroafricana is the first species of Rhabdochona exhib-
iting this morphological feature.

Rhabdochona (Rhabdochona) marcusenii sp. n.
Figs. 3,4
Description: Medium-sized nematodes with finely
transversely striated cuticle (Fig. 4C-E,G). Oral aperture
roughly hexagonal, surrounded by 4 small triangular sub-
labia, 4 submedian cephalic papillae and pair of lateral
amphids (Figs. 3E, 4A—C). Prostom funnel-shaped, with-
out basal teeth (Fig. 3A—D). Prostom lined internally with
longitudinal ribs forming anteriorly 14 small forwardly
directed teeth (3 dorsal, 3 ventral and 4 lateral on either
side) (Figs. 3E, 4A); exceptionally some teeth fused to-
gether or absent (Fig. 4B). Vestibule straight, relatively
long (Fig. 3A—C). Deirids medium-sized, simple, situ-
ated somewhat posterior to prostom (Figs. 3B-D,F, 4C,E).
Length ratio of muscular and glandular oesophagus
1 : 3.9-7.7. Posterior part of glandular oesophagus some-
what narrower than middle part. Tail of both sexes slender,
conical, with rounded tip (Figs. 3G-LL, 4F).
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Male (10 specimens; measurements of holotype in pa-
rentheses): Length of body 8.09-9.82 (9.10) mm, maxi-
mum width 82-122 (122). Length of vestibule includ-
ing prostom 114-135 (126); prostom 21-24 (24) long,
15-18 (18) wide. Muscular oesophagus 222-390 (305)
long, maximum width 21-24 (21); glandular oesopha-
gus 1.48-1.75 (1.67) mm long, maximum width 33-66
(33); length ratio of both parts of oesophagus 1 : 4.4-7.7
(1 : 5.5). Entire oesophagus and vestibule representing
21-25 (23)% of body length. Nerve ring, deirids and
excretory pore 162-216 (213), 45-51 (48) and 249-300
(294), respectively, from anterior extremity. Area rugosa
absent.

Preanal papillae: subventral papillae occurred in fol-
lowing combinations: 5 +5, 6 + 6, 7+ 7 and 6 + §; lat-
eral pair not observed (Fig. 3L). Postanal papillae: 6 pairs,
second pair lateral, remaining pairs subventral (Figs. 3L,
4D).

Left spicule 453-486 (486) long, length of shaft
255-282 (258), representing 53-58 (53)% of spicule
length; distal tip of spicule somewhat expanded, provided
with cuticular membrane (Fig. 3K). Right spicule 90-105
(93) long, with slightly outlined dorsal barb at distal end
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Fig. 3. Rhabdochona (Rhabdochona) marcusenii sp. n. from Marcusenius greshoffii. A — anterior part of body of male, lateral view;
B — same, higher magnification; C—E — cephalic end of female, lateral, dorsoventral and apical views, respectively; F — deirid;
G — female tail, lateral view; H, I — distal tip of female and male tail, respectively; J — right spicule, lateral view; K — distal tip of left
spicule, lateral view; L — caudal end of male, lateral view; M — mature egg; N — immature egg.
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Fig. 4. Rhabdochona (Rhabdochona) marcusenii sp. n. from Marcusenius greshoffii, scanning electron micrographs. A — cephalic
end, apical view; B — cephalic end of other specimen with atypical number of anterior teeth, apical view; C — anterior end, lateral
view (arrow indicates deirid); D — tail of male, ventrolateral view (arrows indicate subventral postanal papillae); E — deirid; F — tail
of female, ventral view; G — eggs leaving vulva, lateral view. Abbreviations: a — amphid; b — submedian cephalic papilla; ¢ — lateral

postanal papilla; s — sublabium.

(Fig. 3J). Length ratio of spicules 1 : 4.82-5.23 (1 : 5.23).
Tail 330444 (417) long.

Female (5 gravid specimens; measurements of al-
lotype in parentheses): Length of body 14.80-18.48
(18.44) mm, maximum width 150-218 (218). Length
of vestibule including prostom 111-138 (123); prostom
27-30 (30) long, 21-24 (24) wide. Muscular oesophagus
360495 (495) long, maximum width 21-30 (27); glan-
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dular oesophagus 1.81-2.52 (1.95) mm long, maximum
width 54-81 (75); length ratio of both parts of oesopha-
gus 1:3.9-5.8 (1 :3.9). Entire oesophagus and vestibule
representing 14—17 (14)% of body length. Nerve ring,
deirids and excretory pore 210-240 (216), 51-66 (66) and
300-366 (345), respectively, from anterior extremity. Tail
conical, 381-490 (449) long, with rounded tip.



Vulva postequatorial, 8.22-10.49 (9.43) mm from an-
terior extremity, at 51-57 (51)% of body length; vulval
lips not elevated. Vagina directed posteriorly from vulva.
Fully developed eggs oval, smooth, thin-shelled, larvated;
size (n = 15) 33-36 x 24-27 (33-36 x 24-27). One egg
pole provided with small operculum bearing broad ge-
latinous filament 33—45 long and 21-24 wide; filament on
immature eggs distinctly narrower and longer, 60—90 long
and 9-18 wide; operculum on immature eggs indistinct
(Figs. 3M,N, 4G).

Type host: Marcusenius greshoffii (Schilthuis) (Osteoglossi-
formes: Mormyridae), standard body length 14.5 cm.

Site of infection: Intestine.

Type locality: Sangha River adjacent to Sangha Lodge
(2°59'7"N; 16°13'58"E) (Congo River basin), DSPA, Central
African Republic (collected 13 September 2012).

Prevalence and intensity of infection: 1 fish infected/2
fish examined; 16 nematodes.

Deposition of type specimens: Helminthological Col-
lection of the Institute of Parasitology, BC AS CR (IPCAS,
N —1027). Symbiotype voucher not deposited, its tissue sam-
ple in pure ethanol deposited in the Department of Ichthy-
ology, American Museum of Natural History, USA and the
photograph of the type host deposited together with the type
material of R. marcusenii.

Etymology: The specific name of this nematode relates to the
genitive form of the generic name of the type host.

Remarks. In possessing 14 anterior prostomal teeth
and no ornamentations at the tip of the tail, these nema-
todes also belong to the nominotypical subgenus Rhabdo-
chona. The new species is the first known representative
of the genus Rhabdochona characterised by the presence
of a filament only on one egg pole; eggs of other species
of Rhabdochona are either provided with filaments or po-
lar caps on both poles or the eggs bear lateral swellings
(floats); the surface of eggs in some species is smooth,
without any polar or lateral formations (Moravec 2010).

Other important features that characterize R. marcuse-
nii sp. n. and by which it differs from the majority of its
congeners is, in particular, the presence of simple deirids,
the prostom without basal teeth, shape of spicules, the
slender, long tail with a rounded tip in both sexes and an
unusually thin shell of mature eggs. Rhabdochona mar-
cusenii is the first nominal species of the genus reported
from a fish belonging to the order Osteoglossiformes.
Larva of Rhabdochona sp. was recorded from Mormy-
rops caschive Linnaeus (Mormyridae) in the Democratic
Republic of Congo (Khalil and Polling 1997).

Rhabdochona (Globochona) paski Baylis, 1928

Syns:  Rhabdochona congolensis Campana-Rouget,
1961; R. aegyptiaca El-Naffar et Saoud, 1974; R. verster-
ae Boomker et Petter, 1993

Description of male (1 specimen): Body 11.42 mm
long, maximum width 177. Length of vestibule includ-
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ing prostom 201. Prostom 42 long, 30 wide, armed with
8 anterior teeth; basal teeth present. Deirids simple, 93
from anterior extremity. Muscular oesophagus 476 long,
51 wide; glandular oesophagus 3.60 mm long, 123 wide;
length ratio of both parts of oesophagus 1 : 7.6. Entire
oesophagus and vestibule representing 34% of body
length. Nerve ring and excretory pore 252 and 517 from
anterior end of body. Area rugosa formed by numerous
transverse bands, separated from each other by band-like
fields bearing many low, longitudinal, parallel ridges.
Preanal papillae: 14 + 15 subventral papillae and 2 pairs
of lateral papillae. Postanal papillae: 6 pairs, of which 5
pairs subventral and 1 pair lateral. Left spicule 222 long,
length of shaft 75, representing 34% of spicule length.
Right spicule 90 long. Length ratio of spicules 1 : 2.47.
Tail 255 long, with rounded tip.

Host: Phenacogrammus aurantiacus (Pellegrin) (Alestidae:
Characiformes), standard body length 6.7 cm.
Site of infection: Intestine.

Locality: Small forest stream near Mongambe research camp
(2°55'4"N; 16°23"20"E) (Congo River basin), DSPA, Central
African Republic (collected 22 September 2012).

Prevalence and intensity of infection: 1 fish infected/5
fish examined; 1 nematode.

Deposition of voucher specimen: Helminthological Col-
lection of the Institute of Parasitology, BC AS CR (IPCAS;
N —997). Voucher of P. aurantiacus is deposited, together
with tissue sample in absolute alcohol, in the Department
of Ichthyology, American Museum of Natural History, USA
(AMNH 260346; field number CAR_T_098).

Remarks. The morphology and measurements of
the only available male specimen show that it belongs
to Rhabdochona (G.) paski Baylis, 1928 as it has been
recently redescribed by Moravec et al. (2013). Although
this widely distributed African species was recorded from
many fish species belonging to different families and or-
ders, most of them probably only serve as paratenic, pa-
radefinitive or postcyclic hosts. According to Moravec et
al. (2013), true definitive hosts of R. paski appear to be
characiform species belonging to some genera of the fam-
ily Alestidae (e.g. Alestes, Brycinus, Hydrocynus). The
present finding of R. paski in P. aurantiacus (a new host
record) supports this presumption.

Rhabdochona (Globochona) tricuspidata sp. n.
Figs. 5-7
Description: Medium-sized nematodes. Cuticle finely
transversely striated, with numerous short longitudinal
ridges (Fig. 6C,D,H). Body of male with narrow lateral
alae (Fig. 6A), starting at about level of anterior end of
glandular oesophagus and extending posteriorly some
distance anterior to region of preanal papillae; lateral alae
not present in females (Fig. 6C). Oral aperture hexago-
nal, with 4 submedian sublabia, surrounded by 4 small
submedian cephalic papillae and pair of lateral amphids
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Fig. 5. Rhabdochona (Globochona) tricuspidata sp. n. from Raiamas christyi. A — anterior part of body of male, lateral view; B,
C — anterior end of female, lateral views; D — cephalic end, apical view; E, F — deirid, two different views; G — right spicule, lateral
view; H — distal tip of left spicule, lateral view; I — tail of female, lateral view; J, K, N — different eggs, lateral views; L — region of

vulva, lateral view; M — posterior end of male, lateral view; O—Q — different eggs, apical views; R — tail tip of male.
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Fig. 6. Rhabdochona (Globochona) tricuspidata sp. n. from Raiamas christyi, scanning electron micrographs. A — anterior part of
body of male (arrows indicate lateral alae); B — cephalic end of female, subapical view (arrows indicate sublabia); C — anterior part
of body of female; D — anterior end of male, dorsoventral view (arrow indicates deirid); E — cephalic end of female, apical view
(arrows indicate sublabia); F, G — deirid, different views; H — cuticular ornamentation on female body. Abbreviations: a — amphid,

b — submedian cephalic papilla.

(Figs. 5D, 6B,E). Prostom funnel-shaped, with slightly
outlined basal teeth (Fig. 5C). Anterior margin of prostom
armed internally with 8 forwardly directed teeth (2 dor-
sal, 2 ventral and 2 on each side) (Figs. 5D, 6B,E). Vesti-
bule transversely striated, long (Fig. 5B,C). Deirids very
small, situated at posterior half of vestibule (Figs. 5B,C,

6D); distal end of each deirid divided into 3 short prongs
of which middle one curved to body surface (Figs. 5E,F,
6F,G). Glandular oesophagus 13—16-times longer than
muscular oesophagus, occupying entire width of body
(Fig. 5A).
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Fig. 7. Rhabdochona (Globochona) tricuspidata sp. n. from Raiamas christyi, scanning electron micrographs. A — posterior end of
male, ventrolateral view; B — tail of male, sublateral view; C — tail tip of female, subapical view (note minute protuberances sur-
rounding terminal spike); D — ventral precloacal cuticular ornamentations of male, ventrolateral view; E, F — tail tip of female (other
specimen), dorsoventral and apical views, big formation near terminal spike probably represents artifact (arrow indicates terminal

spike). Abbreviations: ¢ — cloacal opening; p — phasmid.

Male (1 specimen, holotype): Length of body 6.65 mm,
maximum width 99. Prostom 15 long and 12 wide in lat-
eral view. Length of vestibule including prostom 93. Mus-
cular oesophagus 180 long, maximum width 30; glandular
oesophagus 2.84 mm long, maximum width 69; length ra-
tio of both parts 1 : 16. Length of vestibule with prostom

166

and entire oesophagus forms 47% of body length. Nerve
ring encircling muscular oesophagus 135 from anterior
extremity; excretory pore at 210. Deirids not located. Pre-
anal papillae: 8 subventral pairs of which papillae of third
pair (counting from cloacal aperture) situated more later-
ally (Figs. 5SM, 7A). Postanal papillae: 6 pairs, of which



4 pairs subventral and 2 (third and sixth) lateral (Figs. 5M,
7B). Precloacal ventral cuticular ornamentation (area ru-
gosa) formed by numerous transverse bands separated
from each other by single transverse groove, each pro-
vided with band-like field bearing many low longitudi-
nal, parallel ridges (Fig. 7A,D). Left spicule 501 long; its
shaft 216 long, representing 43% of entire spicule length;
distal tip of spicule blunt, provided with small cuticular
membrane (Fig. SH,M). Right spicule boat-shaped, 93
long, without usual dorsal barb at distal tip (Fig. 5G,M).
Length ratio of spicules 1 : 5.39. Tail conical, 177 long,
with rounded tip (Figs. SM,R, 7A,B).

Female (3 specimens with mature eggs, measurements
of allotype in parentheses; measurements of 1 juvenile
specimen without eggs in square brackets): Length of
body 9.91-10.27 (10.00) [6.65] mm, maximum width
123135 (135) [87]. Prostom 24 (24) [24] long and 18
(18) [18] wide in lateral view. Length of vestibule in-
cluding prostom 99-108 (99) [78]. Muscular oesopha-
gus 213-240 (228) [186] long, maximum width 30-33
(33) [24]; glandular oesophagus 3.33-3.59 (3.59) [2.38]
mm, maximum width 99-105 (99) [72]; length ratio of
both parts 1 : 15-16 (1 : 16) [1 : 13]. Anterior ovary not
reaching anteriorly level of oesophagus (Fig. 5A). Length
of vestibule with prostom and entire oesophagus forms
37-39 (39) [40]% of body length. Nerve ring, excretory
pore and deirids at 138—153 (138) [132], 240243 (243)
[186] and 81-99 (90) [not located], respectively, from an-
terior extremity.

Vulva postequatorial, 6.54—6.75 (6.54) [4.19] mm from
anterior extremity, at 65—66 (65) [63] % of body length.
Vagina directed first anteriorly and then posteriorly from
vulva (Fig. 5L). Mature eggs oval, thick-walled, larvated,
usually provided with 2 large oval, almost opposite lat-
eral swellings (Fig. 5J,K,N-Q); some eggs bearing | or 2
additional, smaller equatorial swellings situated between
2 large swellings (Fig. 5J,P,Q); infrequently mature eggs
with only 1 swelling (Fig. 5N); swellings absent or poorly
developed on immature eggs. Size of mature eggs without
swellings (n = 20) 42-48 x 21-27 (42-45 x 21) [-], egg-
wall 3 (3) thick; swellings 3-9 (6-9) high. Tail conical,
short, 75-84 (84) [81] long (Fig. 5I), with small caudal
spike 5—6 (6) [not measured] long and 3—4 (3) wide at
tip (Figs. 51, 7C,E,F). Tail tip surrounding caudal mucron
with numerous minute cuticular elevations (Fig. 7C,E,F).
Pair of marked lateral phasmids present near tail tip
(Fig. 7C,E,F).

Type host: Raiamas christyi (Boulenger) (Cypriniformes:
Cyprinidae), standard body length 7.5 cm.

Site of infection: Intestine.

Type locality: Small forest stream near Mongambe research
camp (2°55'4"N; 16°23'20"E) (Congo River basin), DSPA,
Central African Republic (collected 18 September 2012).

Prevalence and intensity of infection: 1 fish infected/3
fish examined; 7 nematodes.
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Deposition of type specimens: Helminthological Col-
lection of the Institute of Parasitology, BC AS CR (IPCAS;
N — 1028). Symbiotype voucher of R. christyi is deposited,
together with tissue sample in absolute alcohol, in the De-
partment of Ichthyology, American Museum of Natural His-
tory, USA (AMNH 260336; field number CAR T 075).

Etymology: The specific name tricuspidata is derived from
the Latin adjective tricuspis (= three-spiked) and relates to
the unique morphological feature of this species, i.e. the pres-
ence of deirids provided with three prongs.

Remarks. Based on the number (eight) of prostomal
teeth and the presence of minute caudal projections on the
tip of the female tail, nematodes of the present material
can be assigned to the subgenus Globochona Moravec,
1972, as re-diagnosed by Moravec (1975). The presence
of narrow lateral alae in the male also indicates affini-
ties to the subgenus Globochonoides Moravec, 1975, but
representatives of this subgenus have only six anterior
prostomal teeth and both males and females possess long
lateral alae (Moravec et al. 2012a).

Of the Rhabdochona (Globochona) species, only the
following seven are characterised by the eggs provided
with conspicuous lateral swellings (floats): R. (G.) baril-
iusi Soota et Sarkar, 1981 from Barilius bendelisis (Ham-
ilton) in India; R. (G.) barusi Majumdar et De, 1971 from
Barilius sp. in India; R. (G.) gambiana Gendre, 1922
from an unidentified fish, Barbus eutaenia Boulenger and
Raiamas moorii (Boulenger) in Africa (Gambia and the
Democratic Republic of Congo); R. (G.) rahimi Ghazi,
Nisa et Bilgees, 2003 from Barilius pakistanicus Mirza
et Sadiq in Pakistan; R. (G.) rashorae Moravec et Kam-
choo, 2012 from Rasbora paviana Tirant in Thailand;
R. (G.) singhi Ali, 1956 from Glossogobius giurus (Ham-
ilton) in India; and R. (G.) wangi Moravec et Scholz, 1991
from Bagarius bagarius (Hamilton) and Zacco platypus
(Temminck et Schlegel) in China (Ali 1956, Majumdar
and De 1971, Moravec 1972, Soota and Dey Sarkar 1981,
Wang and Guo 1983, Moravec and Scholz 1991, Ghazi et
al. 2003).

However, in contrast to the above-mentioned seven
species, R. tricuspidata sp. n. is noted for the body with
marked characteristic cuticular ornamentations, deirids
branching into three prongs and for the presence of lateral
alae in the male only (none of these features is reported
for any Rhabdochona species). Moreover, the tail tips of
both sexes are simple, without any outgrowths, in R. bar-
iliusi, R. rahimi and R. singhi, whereas a well-developed
spinose formation at the tail tip of both the male and fe-
male is present in R. rasborae; a similar spinose caudal
formation is present on the tail tip of female but absent in
the conspecific male in R. barusi and R. wangi.

By its general morphology, the new species is simi-
lar to R. gambiana, the only known species of Rhabdo-
chona with eggs provided with lateral swellings in Africa.
Gendre (1922) inadequately described R. gambiana from
an unidentified fish in the Gambia River, Gambia. Later
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Fig. 8. Female of Rhabdochona (Globochona) sp. from Epiplatys multifasciatus. A — anterior part of body of female, lateral view;
B, C — anterior end of female, lateral views; D — cephalic end, apical view; E, F — deirid, different views; G — tail of female, lateral
view; H, I — different eggs, lateral views; J, K — different eggs, apical views.

Rodhain and Vuylsteke (1934) established Cystidicola
minuta from B. eutaenia in the Kalemic River, the Demo-
cratic Republic of Congo, which was subsequently syno-
nymised with R. gambiana by Campana-Rouget (1961).
The latter author recorded R. gambiana from R. moorii
in Lake Kivu, the Democratic Republic of Congo. Unfor-
tunately, the type specimens of R. gambiana are not pre-
served (see Moravec 1972). Type specimens of C. minuta
were re-examined by Ko and Anderson (1969), and by
Moravec (1972) who was the first to observe numerous
minute cuticular points at the female tail tip of this spe-
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cies. Rhabdochona gambiana has not been studied by
SEM and it cannot be excluded that subsequent records
of this parasite included in fact more than a single species.

Nevertheless, the new species differs from R. gambiana
in the number of anterior prostomal teeth (8 vs 12 — see
Gendre 1922, Campana-Rouget 1961), the presence (vs
absence) of lateral alae in male, the body length of gravid
female (9.91-10.27 mm vs 19.15-20.47 mm — see Gen-
dre 1922), the muscular/glandular length ratio of male
oesophagus (1 : 16 vs 1 : 10), a markedly shorter tail of
gravid female (75-84 vs 280-290) and in the shape of
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Fig. 9. Female of Rhabdochona (Globochona) sp. from Epiplatys multifasciatus, scanning electron micrographs. A, B — cephalic
end, apical and subapical views (arrows indicate sublabia); C — deirid; D — tail, ventral view (arrow indicates phasmid); E, F — tip of
tail, apical and dorsoventral views; note minute protuberances surrounding terminal spike. Abbreviations: a—amphid; b — submedian

cephalic papilla; d — anus; p — phasmid.

deirids (branching into three prongs vs allegedly simple).
The latter feature is unique among all species of Rhab-
dochona and all representatives of the Rhabdochonidae.
Within spirurine nematodes parasitising fishes, trident-like
deirids were previously recorded only in Ascarophisnema
tridentatum Moravec et Justine, 2010, a stomach para-
site of the marine fish Gymnocranius euanus (Giinther)
off New Caledonia, which belongs to the related family
Cystidicolidae (Moravec and Justine 2010).

Rhabdochona (Globochona) sp. Figs. 8,9

Description of female (3 specimens with mature
eggs): Medium-sized nematodes. Cuticle finely trans-
versely striated; short longitudinal ridges indistinct. Lat-
eral alae absent. Body 4.54-5.70 mm long, maximum
width 105-123. Oral aperture hexagonal, with 4 subme-
dian sublabia, surrounded by 4 small submedian cephalic
papillae and pair of lateral amphids (Figs. 8D, 9A,B).
Prostom funnel-shaped, 15-18 long and 15 wide in lateral
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view, with slightly outlined basal teeth (Fig. 8C). Ante-
rior margin of prostom armed internally with 8 forwardly
directed teeth (2 dorsal, 2 ventral and 2 on each side;
Figs. 8D, 9A,B). Vestibule transversely striated; length
of vestibule including prostom 84-90. Deirids very small,
situated at posterior half of vestibule (Fig. 8B,C); distal
end of each deirid divided into 3 short prongs of which
middle one curved to body surface (Figs. 8E,F, 9C). Mus-
cular oesophagus 135-177 long, maximum width 18-24;
glandular oesophagus 630-990, maximum width 30-4S8;
length ratio of both parts 1 : 5-6. Glandular oesophagus
does not occupy entire width of body; anterior ovary ex-
tends anteriorly to about last third of glandular oesopha-
gus (Fig. 8A). Length of vestibule with prostom and
entire oesophagus forms 18-24% of body length. Nerve
ring, excretory pore and deirids at 129-138, 183-219 and
75, respectively, from anterior extremity.

Vulva postequatorial, 2.50-3.24 mm from anterior
extremity, at 55-74% of body length. Vagina directed
first anteriorly and then posteriorly from vulva. Mature
eggs oval, thick-walled, larvated, usually provided with
two large oval, almost opposite lateral swellings (floats)
(Fig. 8H-K); some eggs bearing one or two additional,
smaller equatorial swellings situated between two large
swellings (Fig. 8H-K); swellings absent or poorly devel-
oped on immature eggs. Size of mature eggs without swell-
ings (n = 20) 4245 x 21-24, egg-wall 3 thick; swellings
3-9 high. Tail conical, short, 51-57 long (Figs. 8G, 9D),
with small caudal spike 4 long at tip (Figs. 8G, 9D-F).
Tail tip surrounding caudal spike with numerous minute
cuticular elevations (Fig. 9D-F). Pair of marked lateral
phasmids present near tail tip (Fig. 9 D-F).

Host: Epiplatys multifasciatus (Boulenger) (Cyprinodon-
tiformes: Nothobranchiidae), standard body length 2.8—
4.3 cm.

Site of infection: Intestine.

Locality: Small forest stream near Mongambe research camp
(2°55'4"N; 16°23"20"E) (Congo River basin), DSPA, Central
African Republic (collected 18 September 2012).

Prevalence and intensity of infection: 2 fish infected/3
fish examined; 2—4 nematodes.

Deposition of voucher specimens: Helminthological
Collection of the Institute of Parasitology, BC AS CR (IP-
CAS; N - 1029). Vouchers of E. multifasciatus are depos-
ited, together with tissue samples in absolute alcohol, in the
Department of Ichthyology, American Museum of Natural
History, USA (AMNH 260340; field numbers CAR_T 088,
089 and 091).

Remarks. These gravid female specimens with ma-
ture eggs are morphologically very similar to those of
R. tricuspidata sp. n., but they are distinctly smaller (body
length 4.76-5.70 mm vs 9.91-10.27 mm; the female of
R. tricuspidata 6.65 mm long was juvenile, without eggs)
and their cuticular ornamentations are indistinct. How-
ever, the main difference between these two forms is
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the length of the glandular oesophagus (0.63—0.99 mm
vs 3.33-3.59 mm in R. tricuspidata) and the muscular/
glandular length ratio in male (1 : 5-6 vs 1 : 16). Where-
as the anterior ovary does not reach the oesophagus in
R. tricuspidata, it extends anteriorly to about one third
of the glandular oesophagus in specimens from Epiplatys.
It may well be that specimens from Epiplatys represent
a different species, but this can be decided only when con-
specific males are available.

DISCUSSION

With respect to the recent paper of Moravec et al.
(2013), the following six valid species of Rhabdochona
are known to occur in fishes in Africa including Mada-
gascar: R. esseniae Mashego, 1990; R. gambiana Gendre,
1922; R. gendrei Campana-Rouget, 1961; R. moraveci
Puylaert, 1973; R. paski Baylis, 1928; and R. srivasta-
vai Chabaud, 1970. In addition, one species, R. puylaerti
Moravec, 1983, was described from the frog-eating snake
Causus rhombeatus (Lichtenstein) (Viperidae) in Ugan-
da, which apparently acquired this nematode secondar-
ily while occasionally feeding on fish definitive hosts
(Moravec 1983). Accordingly, the present study extends
the number of known African species of Rhabdochona to
ten, but as mentioned above, further investigations will
probably result in describing additional new congeneric
species.

Considering the subgenera of Rhabdochona pro-
posed by Moravec (1975), although representatives of
the nominotypical subgenus Rhabdochona occur in all
zoogeographical regions, those of Globochona, Globo-
chonoides and Sinonema Moravec, 1975 are distribut-
ed only in southern and southeastern parts of Asia and
those of Globochona in Africa (Moravec 2010), which
is also confirmed by the results of the present paper. This
indicates that there exist distinct affinities of the Ethio-
pian and Oriental faunae of these nematodes. Moreover,
in possessing narrow lateral alae in male, the species R.
(G.) tricuspidata sp. n. shows some affinities to Globo-
chonoides. This species is also unique within all conge-
ners in that its body surface has conspicuous cuticular
ornamentations and deirids distally branching into three
prongs.

Recent SEM studies of two African species of Rhab-
dochona (Globochona), R. paski and R. tricuspidata (see
Moravec et al. 2013 and present paper), revealed the pres-
ence of characteristic precloacal cuticular ridges (area
rugosa), very different from those found in some Rhab-
dochona (Rhabdochona) spp. Similar precloacal orna-
mentations have recently been found in two Asian species
of Rhabdochona (Globochona) (R. kurdistanensis and
R. rasborae) examined by SEM (Moravec and Kamchoo
2012, Moravec et al. 2012b). Further studies may show
that it is an additional morphological feature of all species
of this subgenus.



The present study also extends the knowledge of the
morphological variability within Rhkabdochona spp. Until
now, fully developed eggs (containing larvae) of nearly
all species of this genus have been found to possess lat-
eral swellings (floats) or filaments or caps on each pole,
or with lacking such lateral or polar formations (Moravec
2010). The only record of eggs with only one short fila-
ment is that of Agrawal (1965) in R. smythi Agrawal, 1965,
a parasite of Mystus vittatus (Bloch) in India, but the spe-
cies is inadequately described and the line drawings of
eggs indicate that only immature eggs were studied in this
case. Therefore, R. marcusenii sp. n. is the first species
of Rhabdochona in which the eggs possesing a filament
on only one pole are reliably documented. Similarly, the
operculum bearing a gelatinous formation was found only
on one egg pole in R. centroafricana sp. n. Although one-
pole-filamented eggs is a unique feature not only in spe-
cies of Rhabdochona but within all representatives of the
Rhabdochonidae, there are several species of Ascarophis
van Beneden, 1871 (parasites of marine fishes) of the re-
lated family Cystidicolidae that possess filaments on one
egg pole only (Ferrer et al. 2005).

Key to African species of Rhabdochona

1 Prostom with 8 or 12 anterior teeth — subgenus Globo-

CHONGA .ot 2
— Prostom with 14 anterior teeth — subgenus Rhabdocho-
U ettt 4

2 Mature eggs (containing larvae) with four lateral swell-
ings (floats). Four pairs of subventral postanal papil-
lae. Tail tip of female with numerous minute cuticular
OUIZIOWENS ..o 3

— Mature eggs smooth, without lateral swellings. Prostom
with 8§ anterior teeth. Five pairs of subventral postanal
papillae. Tail tip of female rounded, smooth (that of
female fourth-stage larvae with several digital out-
growths). Adults in Alestidae, larvae in many other
fishes; West, Central and East Africa ........... R. paski

3 Prostom with 12 anterior teeth. Male without lateral
alae. Deirids simple. Type host unknown; also in Bar-
bus eutaenia and Raiamas moorii (Cyprinidae); Gam-
bia, Democratic Republic of Congo ...... R. gambiana

— Prostom with 8 anterior teeth. Male with narrow lateral
alae. Deirids divided into three prongs. In Raiamas
christyi (Cyprinidae); Central African Republic ........

................................................... R. tricuspidata sp. n.

4 Left spicule longer than 0.9 mm. Deirids bifurcate. Tail

tip bluntly pointed ........ccccoevieviiiiiiiiiiinee 5
— Left spicule shorter than 0.7 mm. Deirids bifurcate or
simple. Tail tip sharply pointed ...........ccccvvrveirnnenne. 6

S Deirids anterior to mid-length of vestibule. Six pairs
of postanal papillae. Right spicule with dorsal barb.
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Glandular oesophagus of male 1.1-1.3 mm long. Par-
asitic in Syciopterus fasciatus (Gobiidae); Madagas-
CAT ettt R. srivastavai
— Deirids posterior to mid-length of vestibule. Seven pairs
of postanal papillae. Dorsal barb lacking on right spi-
cule. Glandular oesophagus of male 3.1 mm. Defini-
tive host unknown (reported from frog-eating snake);
Uganda ......ccceceveeieininineninenencecenne R. puylaerti

6 Deirids SIMPLE ....ccoovvveiieiieieeiee e
— Deirids bifurcate

7 Left spicule 620-680 um long. Mature egg smooth, non-
filamented. Tail tip pointed. In Aphyosemion cameron-
ensis (Cyprinodontidae); Cameroon ...... R. moraveci

— Left spicule 450490 um long. Mature egg with single
broad filament on one pole. Tail tip rounded. In Mar-
cusenius greshoffii (Mormyridae); Central African Re-
PUDBLIC oo R. marcusenii sp. n.

8 Left spicule 330 um long. One pole of mature egg with
small operculum bearing distinct gelatinous forma-
tion of irregular shape. In Barbus miolepis (Cyprini-
dae); Central African Republic
............................................... R. centroafricana sp. n.

— Left spicule at least 480 pm long. Mature egg without
any polar gelatinous formations .............c.cccevevenen. 9

9 Right spicule without dorsal barb. Left spicule 480-530
pm long. One pole of mature egg with distinct oper-
culum. In Barbus spp. (Cyprinidae); Gambia, Demo-
cratic Republic of Congo, Cameroon ........ R. gendrei

— Right spicule with dorsal barb. Left spicule 500-560 pm
long. Operculum on mature egg lacking. In Barbus
spp. (Cyprinidae); South Africa .............. R. esseniae
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