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Abstract The diclidophorid Flexophora ophidii

Prost & Euzet, 1962, the type- and only species of

the genus Flexophora Prost & Euzet, 1962, has never

been redescribed neither reported since its original

description. The latest lacked a diagnosis of the genus

that remains unavailable to date. Flexophora ophidii is

redescribed and illustrated based on examination of

new material from the type-host Ophidion barbatum

L. (Ophidiiformes: Ophidiidae) collected off the

Algerian coast (new geographical record), southern

Mediterranean. A diagnosis of the genus is provided.

Introduction

The Diclidophoridae Cerfontaine, 1895 is a cos-

mopolitan family of polyopisthocotyleans, infecting

gills, operculum and gill cavity of teleosts and

elasmobranchs. To date, 53 nominate genera are

assigned to this family (WoRMS, 2020) with 15

genera belonging to the subfamily Diclidophorinae

Cerfontaine, 1895 (Cruces et al., 2017): Diclidophora

Krøyer, 1838; Diclidophoroides Price, 1943; Osphy-

obothrus Yamaguti, 1958; Flexophora Prost & Euzet,

1962; Allotagia Dillon & Hargis, 1965; Upenicola

Unnithan, 1966; Lebboia Mamaev & Parukhin, 1975;

Polyipnicola Mamaev & Parukhin, 1975; Tribulipho-

rus Mamaev & Parukhin, 1977; Inbjumia Mamaev &

Parukhin, 1984; Mamaevicotyle Lamothe-Argumedo,

1984; Campechia Zhukov & Mamaev, 1985; Lampa-

nyctophilus Payne, 1986; Mamaevodiclidophora

Rubec, 1991 and Macrouridophora Rubec & Dronen,

1994 (see Krøyer, 1838; Price, 1943; Yamaguti, 1958;

Prost & Euzet, 1962; Dillon & Hargis, 1965;

Unnithan, 1966; Payne, 1986; Rubec & Dronen

1994; Rubec, 1991; Zhukov & Mamaev, 1985;

Mamaev et al., 1985; Rohde & Williams, 1987).

Among the Diclidophorinae, Flexophora Prost &

Euzet, 1962 was erected to accommodate Flexophora

ophidii Prost & Euzet, 1962, from gills of the snake

blenny Ophidion barbatum L. off France, northern

Mediterranean (Prost & Euzet, 1962). Flexophora and

its type- and only species, F. ophidii, remains poorly

known. Limited references to the genus were made in

the literature, including in the descriptions of new

genera (Zhukov & Mamaev, 1985; Cruces et al., 2017;

Mamaev, 1976; Payne, 1986) and a checklist (Euzet

This article is part of the Topical Collection Monogenea.

C. Bouguerche (&) � F. Tazerouti

Laboratoire de Biodiversité et Environnement:

Interactions – Génomes, Faculté des Sciences
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et al., 1993). The only existing record of the species

and the genus is that of the original description, that

unfortunately omitted a diagnosis of the genus.

In the course of a parasitological survey of

helminths of fishes off the Southern coast of the

Mediterranean Sea (Ayadi et al., 2017; Derouiche

et al., 2019; Moravec et al., 2016; Chaabane et al.,

2015; 2016a, 2016b; Bouguerche et al.,

2019a, 2019b, 2019c, 2020; Kheddam et al.,

2016, 2020), we collected representatives of a mono-

genean similar to F. ophidii on gills of O. barbatum.

The specimens are described here and compared to

original description of the species. A diagnosis of

Flexophora is provided.

Materials and methods

Fishes

During 2016, 239 specimens of Ophidion barbatum

were collected from Cherchell (36�36’31’’N,

2�11’50’’E) off the Algerian coast of the Mediter-

ranean. Fish specimens were transferred to the labo-

ratory shortly after capture and identified using the

keys of Fischer et al. (1987). Gills were removed from

each fish and were observed under microscope for the

presence of monogeneans.

Monogeneans

Monogeneans were removed alive from gills using

fine dissection needles, then preserved in 70% ethanol,

stained with acetic carmine, dehydrated in an ethanol

series (70, 96 and 100%), cleared in clove oil, and

mounted in Canada balsam. Drawings were made with

the help of a Leitz microscope equipped with a

drawing tube and scanned and redrawn on a computer

with Adobe Illustrator (CS5). Measurements are in

micrometres, and are given as the range followed by

the mean ± standard deviation if n [ 30 and the

number of measurements in parentheses. The nomen-

clature of clamp sclerites proposed by Llewellyn

(1958) and used by Prost & Euzet (1962) for F. ophidii

is adopted here.

Family Diclidophoridae Cerfontaine, 1895

Genus Flexophora Prost & Euzet, 1962

Flexophora ophidii Prost & Euzet, 1962

Type-host: Ophidion barbatum Linnaeus (Ophidi-

iformes: Ophidiidae), snake blenny.

Type-locality: off Sète, France.

Other locality: off Cherchell, Algerian coast (this

paper).

Type-material: Muséum National d&Histoire Naturelle,

Paris, France, in the collection of Professor Louis

Euzet (MNHN 306HG, Box 4, Slides 45–49, 4 slides

marked as cotypes). Not examined due to COVID-19

lockdown in 2020.

Voucher material: Deposited in the collection of the

Muséum National d’Histoire Naturelle, Paris (MNHN

HEL1294-HEL1306).

Site on host: Gills.

Description

[Based on 37 specimens. Measurements in Table 1;

Figs. 1–4).] Body small and stocky. A well-marked

constriction delimiting the pre-pharynx zone present

(Fig. 1). Haptor ovoid, symmetrical, with 2 rows of

clamps. Clamps pedunculated (Fig. 1A), typically

diclidophorid (Fig. 1C). Clamps asymmetrical,

decreasing in size antero-posteriorly, with 2 opposable

jaws (Fig. 4). Anterior jaw formed by median sclerite

a3, marginal sclerites c1, c2, c3 and d1, d2, d3. Sclerite

a3 large, dorsal to c3, expanding to a lamellate

extension b. A narrow slit separating b from peripheral

sclerite c1. Median sclerites a1 and a2 absent.

Proximally, c1 and d1 continuing with c2 and d2

which folds back ventrally to a3 forming c3 and d3.

Sclerites c1 and d1 fused distally. Posterior jaw

formed by median sclerite f, four marginal sclerites:

i and k proximally; g1 and g2 distally. Sclerite f long,

hollow for most of its length by a thin gutter. Sclerite f

T-shaped at both ends; proximal T branches thin,

distal branches wide. Marginal sclerites g1 and g2

approaching each other distally but unfused. Proxi-

mally, sclerites i and k articulated on g1 and g2

(Fig. 4).

Terminal lappet present (Fig. 1E), armed with two

symmetrical pairs of anchors (Fig. 1D), dissimilar in

shape and size: small, posteriormost anchor pair; large

anteriormost anchor pair sickle-shaped.

Pair of oval prohaptoral suckers, muscular aseptate,

with numerous small thorns. Pharynx subspherical,

muscular and median (Fig. 2). Oesophagus median,
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Fig. 1 Flexophora ophidii Prost & Euzet, 1962 ex Ophidion barbatum. A, Whole body (MNHN HEL1294); B, Male copulatory organ

(MNHN HEL1295); C, Clamp, dorsal view (MNHN HEL1296); D, Posterior lappet (MNHN HEL1298); E, Hooks and anchors of

terminal lappet (MNHN HEL1298)
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Table 1 Measurements of Flexophora ophidii ex Ophidion barbatum from two localities in the Mediterranean

Locality Off France

(n = 8)

Off Algeria

(n = 37)

Source Prost & Euzet (1962) Present study

Body length 1,500–2,750 1,453–2,247 (1,896 ± 79; n = 31)

Body width 400–850 364–625 (507 ± 73; n = 31)

Haptor length 343–765 (543 ± 140; n = 32)

Total length 2,244–2,859 (2,195; n = 29)

First pair of clamps length 75–87 80–88 (85; n = 24)

First pair of clamps width 75–80 74–85 (82; n = 24)

Second pair of clamps length 80–100 67–96 (86; n = 22)

Second pair of clamps width 80–95 67– 85 (76; n = 22)

Third pair of clamps length 80–100 78–92 (76; n = 24)

Third pair of clamps width 80–95 64–83 (73; n = 24)

Fourth pair of clamps length 80–95 65–79 (75; n = 26)

Fourth pair of clamps width 80–100 64–79 (71; n = 26)

Long anchor 28 10–23 (19; n = 15)

Small anchor 5–10 (8; n = 15)

Prohaptoral suckers length 80–95 71–91 (81 ± 8; n = 32)

Prohaptoral suckers length 45 46–82 (65 ± 12; n = 32)

Prohaptoral suckers length 65–130 66–123 (109 ± 18; n = 31)

Pharynx width 60–100 57–123 (102 ± 21; n = 31)

Genital atrium length 23–38 (32 ± 5; n = 33)

Genital atrium width 22–36 (30 ± 5; n = 33)

Distance genital atrium-anterior extremity 204–305 (265 ± 27; n = 31)

Testes number 23–28 22–26

No. of atrial hooks 6–8 8

Atrial hooks length 7–10 (9; n = 16)
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Ph.
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0 

µm

Fig. 2 Flexophora ophidii Prost & Euzet, 1962 ex Ophidion
barbatum. Anterior extremity showing relative positions of

prohaptoral suckers, pharynx, and mal copulatory organ

(MNHN HEL1294)
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Fig. 3 Flexophora ophidii Prost & Euzet, 1962 ex Ophidion
barbatum. Detail of anatomy of reproductive organs in the

region of ovary (MNHN HEL1296, 1297). Abbreviations: V.d.,

vas deferens; V.d., vitelloduct; Ovi., oviduct; C.g.i., genito-

intestinal canal; V., vitellarium; U., uterus; O., ovary; Oo.,

oötype; M.g., Mehlis&gland; T., testis
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voluminous and heart-shaped, bifurcated at level of

genital atrium. Intestinal branches extending almost to

posterior end of body, fusing in posterior part of body

forming a peduncle extending up to middle third of

haptor (Fig. 1A)

Testes numerous, postovarian, variously shaped,

arranged irregularly in the posterior third of the body

and confined to the intercrural field. Vas deferens

large, conspicuous, running forward along body

midline; at a level just anterior to the male copulatory

organ (MCO), narrowing to a very short duct that

swells to an ovoid mid-ventral prostatic vesicle

(Fig. 1B). Prostatic vesicle communicating with gen-

ital atrium by short canaliculus. Genital pore dorsal,

with muscular rim, armed with circle of 7–8 hooks.

Atrial hooks with pointed bases; shafts with curved

pointed tips directed inwards.

Ovary pretesticular, complex, beginning on right

side of body; forms a loop on left side, returns parallel

to right side where it narrows to form oviduct. Oviduct

long, arising from distal end of ovary and opening into

genito-intestinal canal. Oviduct forming a posterior

loop then widening into an oötype surrounded at its

base by Mehlis&gland. Uterus, originating from the

oötype, runs forwards. Genito-intestinal canal, long,

ribbed, originating from right intestinal branch, ven-

tral to ovary (Fig. 3). Vitellarium follicular, co-

extensive with intestinal branches, extending from

level of genital atrium to haptor, fused posterior to

testes and extending to median region of haptor.

Vitelline follicles confluent anteriorly, located

between genital atrium and ovary. Transverse vitel-

loducts long, fusing in midline ventral to ovary, to

form vitelline reservoir. Vagina absent.

Remarks

As previously mentioned, F. ophidii has never been

redescribed neither reported since its original descrip-

tion by Prost & Euzet (1962). The latter lacked a

diagnosis of the genus which remains unavailable to

date. After examination of an extensive material from

the type-host, a diagnosis of the genus is proposed

accordingly.

Genus Flexophora Prost & Euzet, 1962

Diagnosis

Body small, stocky. Haptor not separated from body,

ovoid, symmetrical, bearing 4 pairs of pedunculated

clamps, arranged in 2 rows. Clamps typically dicli-

dophorid, decreasing in size antero-posteriorly.

Clamps asymmetrical with opposable dissimilar jaws;

anterior jaw composed of 5 sclerites including 4

peripheral and 1 large median sclerite; posterior jaw

composed of 7 sclerites including 2 median fused

sclerites and 3 pairs of peripheral sclerites. Sclerite a

absent; b and c1 fused distally; a3 and b covering

approximately two thirds of the surface of posterior

jaw. Terminal lappet present in posterior edge of

haptor, with 2 symmetrical pairs of anchors, dissimilar

in shape and size: small, posteriormost anchor pair;

large anteriormost anchor pair sickle-shaped. Prohap-

toral suckers paired, non-septate, with numerous small

thorns. Pharynx present. Ceca diverticulated confluent

posteriorly and extending into haptor. Testes numer-

ous, postovarian. Copulatory organ armed with 6–8

curved hooks. Prostatic vesicle present. Ovary

inverted C-shaped. Vitelloduct shifted from body

midline. Genito-intestinal canal present. Seminal

receptacle absent. Vagina absent. Parasites on gills

of Ophidiidae.

Type-species: Flexophora ophidii Prost & Euzet,

1962.
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Fig. 4 Flexophora ophidii Prost & Euzet, 1962 ex Ophidion
barbatum. Clamp, figure with detailed legends (MNHN HEL

1296). A, Dorsal jaw; B, Ventral jaw; C, Whole clamp (ventral

view)
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Discussion

Based on the number and structure of clamps and

organization of the MCO, the specimens collected

from O. barbatum are members of Diclidophoridae.

According to Prost & Euzet (1962) who followed

Sproston (1946), by having clamps that function as

real clamps and not as suckers the specimens belong to

the subfamily Diclidophorinae (Sproston, 1946; Prost

& Euzet, 1962). The arrangement of the peripheral

sclerites of clamps associate them to Flexophora.

The measurements of our specimens did not reveal

any significant differences with F. ophidii, described

by Prost & Euzet (1962). We noted a smaller size of

third and fourth pair of clamps and anchors in the

specimens of the present study (Table 1), but mea-

surements and counts overlap overall. These minor

differences can be due to sampling effort and are likely

to be corrected with additional samples from the type-

locality, off France. The number of specimens studied

in the original description was small, the authors

collected a total of 8 specimens and did not mention

whether they measured all of them.

Furthermore, our specimens collected from Ophid-

ion barbatum off Algeria showed a morphoanatomy

similar to that of F. ophidii. However, we have

highlighted the presence of a constriction at the level

of the pharynx in the anterior part and an additional

pair of hamuli at the level of the terminal lappet in our

specimens. These two features were neither mentioned

nor illustrated in the original description. However,

the morphological differences highlighted are subtle

and cannot be used to differentiate a new species.

Hence, with such high resemblances and overlaps in

measurements and counts, diclidophorids from Ophid-

ion barbatum from off Algeria are considered con-

specific with F. ophidii.
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