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from the nasal tissue of three deep sea skates (Rajidae)
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Abstract: A new species of Merizocotyle Cerfontaine, 1894 (Monogenea: Monocotylidae) is described from the nasal tissues of three
deep sea rajid skates: the southern thorny skate, Amblyraja doellojuradoi (Pozzi), broadnose skate, Bathyraja brachyurops (Fowler),
and yellownose skate, Zearaja chilensis (Guichenot), collected off Buenos Aires Province, Argentina, southwest Atlantic Ocean.
Two additional species of sympatric rajid, the white-dotted skate, Bathyraja albomaculata (Norman), and the Patagonian skate,
Bathyraja macloviana (Norman), were also examined but no merizocotylines were found. The taxonomy of the Merizocotylinae is
not widely accepted and, as a result, the status of Thaumatocotyle and Mycteronastes, and their proposed synonymy with Merizo-
cotyle are currently under discussion. The new species differs from its congeners by having a unique haptoral structure, 6 peripheral
loculi that are asymmetrically arranged (one much smaller, indistinctly located in the left or right side of the haptor). The presence
of the new species in three sympatric species of Rajidae belonging to distinct genera and subfamilies, as well as its absence in sym-
patric congenerics indicates the lack of phylogenetic host specificity. Host ecology and geographical distribution appear to be more
important than host phylogeny in determining the distribution of this parasite across potential hosts in the region. This constitutes the
first record of Merizocotyle in the southwestern Atlantic Ocean.
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Cerfontaine (1894) proposed Merizocotyle to accom-
modate M. diaphana Cerfontaine, 1894 from Dipturus
batis (Linnaeus) (as Raja batis) (Rajidae). Recently,
Chisholm and Whittington (2012) described three new
species of Merizocotyle. According to these authors, the
genus includes 18 species, if Thaumatocotyle Scott, 1904
and Mycteronastes Kearn et Beverley-Burton, 1990, both
with different haptoral structure, are junior synonyms of
Merizocotyle as proposed by Chisholm and Whittington
(1999), based on a previous cladistic analysis of Mono-
cotylidae (Chisholm et al. 1995).

However, other workers consider Thaumatocotyle
valid (Neifar et al. 2000, de Buron and Euzet 2005,
Marie and Justine 2006, Euzet and de Buron 2010). In
fact, a molecular study of Monocotylidae (Chisholm et al.
2001) suggested that Mycteronastes and Thaumatocotyle

could constitute valid genera, but indicated that more evi-
dence is required to resurrect them.

Independently of the unsolved phylogeny of these gen-
era of Merizocotylinae Johnston et Tiegs, 1922, members
of this subfamily have been recorded worldwide ocean,
with the exception of the southwestern Atlantic, where
only representatives of Empruthotrema Johnston et Tiegs,
1922 have been reported (Kusnetsova 1975).

Herein, merizocotyline monogeneans were found in the
nasal tissue of deep sea skates from the southwest Atlantic
Ocean. The specimens are described as a new species of
Merizocotyle sensu Chisholm and Whittington (1999).

MATERIALS AND METHODS

Atotal of 142 skates were examined: 52 southern thorny skates,
Amblyraja doellojuradoi (Pozzi), 14 white-dotted skates, Bathy-
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raja albomaculata (Norman), 21 broadnose skates, B. brachy-
urops (Fowler), 22 Patagonian skates, B. macloviana (Norman),
and 33 yellownose skates, Zearaja chilensis (Guichenot). Fish
were caught off Buenos Aires province by the commercial fleet
operating at the Port of Mar del Plata (38°03'S; 57°32'W), Ar-
gentina, in May 2013. Since samples were obtained from com-
mercial landings, the exact position and depth of catches were
unknown, but these species of skates are known to inhabit deep
waters at depths under 50 m isobath (Menni and Stehmann 2000,
Cousseau and Perrota 2004, Cousseau et al. 2007).

Fish were necropsied; each olfactory bulb was removed,
placed in a Petri dish and examined using a stereoscopic micro-
scope with transmitted light. Monogeneans were collected and
washed in saline solution. Some specimens from A. doellojura-
doi were studied alive, partially flattened beneath a coverslip, us-
ing bright field and differential interference contrast (Nomarski)
microscopy. Remaining specimens were fixed in 4% buffered
formaldehyde solution and transferred to 70% ethanol for stor-
age. Fixed monogeneans were stained with alcoholic chlorhy-
dric carmine, dehydrated in a graded ethanol series, cleared in
methyl salicylate and mounted permanently in Canada balsam.
A few parasites were cleared in lactic acid to study sclerotised
parts (hamuli, marginal hooklets and the male copulatory organ).

Mounted worms were examined and measured using an eye-
piece micrometre with light microscopy and drawn with the aid
of a drawing tube. All measurements are given in micrometers
(um), unless otherwise specified as range with mean in paren-
theses. The total length was measured excluding the haptor. The
male copulatory organ was measured following a straight line
from proximal to distal extremes. The egg was measured fol-
lowing a straight line perpendicular to the opercular-filament
axis. Morphological terminology follows that of Chisholm et al.
(1995). The taxonomy of hosts up to family level is in accord-
ance with Eschmeyer (2013); suprafamily classification follows
Nelson (2006), unless otherwise indicated.

Type material was deposited in the Helminthological Collec-
tion of the Museo de La Plata, La Plata, Argentina (HCMLP),
and in the Helminthological Collection of the Institute of Para-
sitology, Biology Centre, Academy of Sciences of the Czech
Republic, Ceské Bud&jovice, Czech Republic (IPCAS).

To test whether the specimens recovered from different host
species were conspecific, we performed a one-way non-paramet-
ric permutation-based multivariate analysis of variance (PER-
MANOVA). Twenty-two of the monogeneans collected (includ-
ing 10 worms from A. doellojuradoi, 6 from B. brachyurops and
6 from Z. chilensis) were in good condition and allowed meas-
uring all relevant structures. For each worm, 20 morphometric
variables were recorded when possible (Table 1). Following An-
derson et al. (2008), a permutation of residuals under a reduced
model was used as the method of permutation. A sequential
sum of squares (Type I SS) was applied because total length
of worms was introduced as a covariable (ANCOVA model) to
eliminate the effect of differential size on comparisons. Since
PERMANOVA is sensitive to differences in multivariate disper-
sions between groups, these differences, measured as distances
to the centroids, were compared using the PERMDISP routine
(Anderson et al. 2008).

PERMANOVA and PERMDISP analyses were conducted
with the software PERMANOVA + for PRIMER (Anderson et
al. 2008), based on a resemblance matrix of Euclidean distance.
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A previous square-root transformation was carried out and sig-
nificance values were based on 9999 permutations.

RESULTS

A total of 48 monogeneans infected three host species,
including Bathyraja brachyurops (prevalence 33%, mean
intensity 1.6), Zearaja chilensis (prevalence 23%, mean
intensity 1.8), and Amblyraja doellojuradoi (prevalence
15%, mean intensity 1.8). No parasites were found on the
nasal tissue of Bathyraja albomaculata and Bathyraja
macloviana.

Merizocotyle euzeti sp. n. Figs. 1-7

Description (based on 22 whole-mounts, measure-
ments for each host species are given in Table 1).

Body 1.6-3.6 mm (2.6 mm, n = 22) long, dorsoventral-
ly flattened, elongated and narrow, with maximum width
310-1170 (615, n=22) at level of testis (Fig. 1). Anterior
end of body with slight indentation and 3 anterolateral
gland-duct openings on each side of ventrolateral margin
(Fig. 1). Anterior glands scattered throughout head region.
Posterior end of body rounded. Eyespots or dispersed pig-
ment granules absent. Tegument smooth.

Haptor oval, 550-910 (703, n = 22) long, 450-960
(648, n = 22) wide, arising from short peduncle at poste-
rior end of body, with ventral surface divided into 1 cen-
tral loculus, 6 asymmetrically arranged peripheral loculi
(one much smaller, indistinctly located in left or right side
of haptor) and 18 marginal loculi, posteriormost being
largest (Figs. 1, 2). Haptor armed with 1 pair of hamu-
li, 180-300 (244, n = 21) long (Fig. 3) and 14 marginal
hooklets, 19-24 (23, n = 22) long (Fig. 4), distributed as
illustrated in Fig. 2.

Mouth ventral, at level of anterior portion of pharynx.
Pharynx muscular, bulbous, 200-375 (279, n = 22) long,
138-268 (199, n = 22) wide. Two intestinal caeca (par-
tially covered by vitellarium) unbranched, on each side
of body, extending posteriorly approximately parallel to
lateral body margin, not confluent posteriorly; caecal bi-
furcation immediately posterior to pharynx.

Testis single, 4101240 (783, n = 20) long, maximum
width 140-700 (323, n = 20), occupying intercaecal space
from middle of body to just anterior to posterior end of
vitellarium (Fig. 1). Vas deferens arising medially from
anterior portion of testis and running anteriorly, dorsal to
transverse vitelline duct where it widens to form seminal
vesicle (Fig. 1). Seminal vesicle running anteriorly, bend-
ing dextral at level of common genital pore, then turning
to sinistral side and extending forward to level of pharynx
where it returns to join ejaculatory bulb (Fig. 1). Ejacula-
tory bulb thin-walled, with two distinct spherical internal
chambers, dorsal to male copulatory organ. Male copula-
tory organ 130-193 (160, n = 22) long, 5-7 (6, n = 22)
wide, straight, narrow, sclerotised tube, coiled distally
(Fig. 5). Accessory piece absent.
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Table 1. Comparative measurements (in pm unless otherwise stated as the mean followed by the range and number of specimens

measured in parentheses) of specimens of Merizocotyle euzeti sp. n. from three skate species from the Argentine Sea.

Amblyraja doellojuradoi

Bathyraja brachyurops

Zearaja chilensis

Body length (BL) (mm)*
Body maximum width*
Haptor length (HL)*
Haptor width*

Hamuli length*
Hooklet length*
Pharynx length*
Pharynx width*

MCO length*

MCO maximum width*
Ootype length*

Egg size

Testis length*

Testis maximum width*
Anterior end to mouth*
Anterior end to CGP*
Anterior end to VP*

2.6 (1.8-3.6,n = 10)
664 (4401170, n = 10)
749 (590-910, n = 10)
704 (540-960, n = 10)
240 (180-300, n = 10)
23 (22-24,n = 10)
298 (225-375, n = 10)
216 (163-268, n = 10)
163 (130-193, n = 10)
6(5-7,n=10)

397 (255-663,n = 8)
170 (158-193, n=3)
764 (430-1240, n = 8)
310 (170700, n = 8)
303 (240-370, n = 9)
905 (640-1180, n = 8)
993 (695-1260, n = 8)

Anterior end to anterior end of vitellarium* 511 (400-600, n =9)
Posterior end to posterior end of vitellarium* 295 (200-390, n = 8)
Vitellarium length (VL)* 1743 (1070-2500, n = 8)

Anterior end to TVD* 1064 (790-1340,n=9)
% HL: BL 29 (24-38,n=10)
% VL: BL 68 (58-78,n=218)

2.6 (1.6-3.0,n = 6)
616 (450-820, n = 6)
687 (570780, n = 6)
624 (560-710, n = 6)
244 (218-268, n = 6)
23 (22-24,n=6)

265 (200-315, n = 6)
185 (138-225,n = 6)
163 (150-175,n = 6)
6 (6-7,n=6)

320 (228-383, n = 6)
162(n=1)

908 (460-1100, n = 6)
368 (220-570, n = 6)
352 (220-420, n = 6)
933 (660-1040, n = 6)
967 (6581110, n = 6)
517 (350-590, n = 6)
377 (250-470, n = 6)

2.4(1.9-32,n=6)
530 (310-810, n=6)
642 (550-770, n = 6)
577 (450-740, n = 6)
252 (235-268,n = 5)
22 (19-24,n=6)

259 (213-320, n = 6)
186 (153-245, n = 6)
152 (145-163, n= 6)
6 (n=06)

392 (375-425,n=3)
682 (410-1090, n = 6)
295 (140-470, n = 6)
335 (240-450, n = 6)
923 (7101210, n = 6)
909 (730-1163,n=6)
505 (400-640, n = 6)
343 (300-400, n = 6)

1748 (970-1970, n = 6)
1088 (770-1240, n = 6)
27 (22-36,n = 6)
66 (62-68, n = 6)

1550 (1120-2120, n = 6)
1082 (8301330, n = 6)
27 (24-30,n = 6)

64 (58-70, n = 6)

* measurements used in the multivariate analysis; CGP — common genital pore; MCO — male copulatory organ; TVD — transverse vitelline duct;

VP — vaginal pore

Blind end of ovary not lobed, dorsal to testis. Ovary
looping right intestinal caecum dorsoventrally, then turn-
ing to anterior region just slightly anterior to common
vitelline duct, where it runs posteriorly and narrows to
form oviduct (Fig. 7). Oviduct joining both common
vitelline duct and seminal receptacle, then connecting
to ootype (Fig. 7). Vaginal pores opening ventrolateral
at level of, or immediately posterior to, common genital
pore (Figs. 1, 7). Two vaginae, lacking sclerotised walls,
muscular, extending posteriorly, fusing at midline to join
seminal receptacle (Figs. 1, 7). Common vaginal duct par-
tially seen. Junction of seminal receptacle with ovovitel-
line duct seen in only one specimen.

Dense vitellarium, 970-2 500 (1687, n = 20) long, in
extracaecal position, not confluent anteriorly nor pos-
teriorly, consisting of vitelline ducts and vitelline cells,
and extending from level of pharynx to posterior portion
of body (Fig. 1). Transverse vitelline duct immediately
posterior to vaginae, dorsal to seminal receptacle, com-
mon vitelline duct partially seen. Mehlis’ gland located
between testis and transverse vitelline ducts connecting
to descending limb of ootype (Figs. 1, 7). Ootype mus-
cular, 228-663 (369, n = 17) long, leading to common
genital pore anteriorly. Descending and ascending limbs
of ootype present (Figs. 1, 7). Egg tetrahedral, 158-193
(168, n = 4) long, with operculum and large filament on
opposite poles (Fig. 6).

Type host: Bathyraja brachyurops (Fowler) (Rajiformes:

Rajidae).
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Other hosts: Amblyraja doellojuradoi (Pozzi) (Rajiformes:
Rajidae) and Zearaja chilensis (Guichenot) (Rajiformes: Ra-
jidae).

Type locality: Deep waters off Buenos Aires Province,
Argentina.

Site of infection: Nasal tissues.

Material deposited: Holotype HCMLP MLP-He No
6727, and 10 paratypes, 8 of them deposited in the HCMLP
(MLP-He No 6728) and other 2 in the Institute of Parasitol-
ogy, Ceské Budgjovice, Czech Republic (IPCAS M—550).

Etymology: The new species is named in memoriam of
Louis Euzet for his invaluable contribution to the knowledge
of Monogenea.

Differential diagnosis: The new species can be read-
ily distinguished from all previously described species
by the presence of 6 peripheral loculi asymmetrically
distributed in the haptor. This constitutes a new haptor
type which we term ‘Type 6°, following Chisholm and
Whittington (1999). If we discount the differences in
peripheral loculus number, Merizocotyle euzeti sp. n. is
most similar to M. amplidiscata Dillon et Hargis, 1965,
M. diaphana, M. pugetensis Kay, 1942, and M. sinensis
Timofeeva, 1984, which are all members of Merizocotyle
sensu stricto (s.s.), as defined by Chisholm and Whitting-
ton (1995).

These species all have a large testis, which occupies
a considerable proportion of body length, and an ootype
with ascending and descending limbs (Cerfontaine 1894,
Kay 1942, Dillon and Hargis 1965, Timofeeva 1984). The
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Figs. 1-6. Merizocotyle euzeti sp. n. Fig. 1. Whole-mounted specimen, ventral view, composite drawing. Fig. 2. Haptor. Fig. 3. Ha-
mulus. Fig. 4. Hooklet. Fig. 5. Male copulatory organ. Fig. 6. Egg. Abbreviations: ag — anterior gland; cgp — common genital pore;
cl — central loculus; do — anterior gland duct opening; h — hooklet; ha — hamulus; m — mouth; mco — male copulatory organ; ml — mar-
ginal loculus; oot — ootype; ov — ovary; p — pharynx; pl — peripheral loculus; sr — seminal receptacle; sv — seminal vesicle; t — testis;
v — vagina; vd — vas deferens; vi — vitellarium; vp — vaginal pore.
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Fig 7. Details of female reproductive system of Merizocotyle
euzeti sp. n. Abbreviations: ic — intestinal caecum; Mg — Mehlis’
gland; od — oviduct; oota — ootype ascending limb; ootd — ootype
descending limb; ov — ovary; ovd — ovovitellin duct; sr — semi-
nal receptacle; t — testis; tvd — transverse vitelline duct; v — va-
gina; vp — vaginal pore.

presence of an asymmetrical peripheral loculus and the
absence of eyespots, however, are features that distin-
guish the new species from M. sinensis, but that are shared
with the three last species (Timofeeva 1984, Chisholm
and Whittington 1999). Moreover, a loop is present at
the distal end of the copulatory organ of M. amplidiscata,
M. euzeti sp. n. and M. pugetensis.

Unfortunately, the morphology of the male copula-
tory organ was not clearly illustrated nor described for
M. diaphana by Cerfontaine (1894, 1898) and, therefore,
no comparisons can be made. It has been suggested that
M. amplidiscata, M. diaphana and M. pugetensis may be
conspecific because differences in the size of sclerotised
structures are not good characters to separate species of
Merizocotyle, due to intraspecific variability (Chisholm
and Whittington 1999).

Multivariate Analysis

PERMANOVA results showed no differences among
multivariate data of morphometric measurements of
specimens found in the three species of skates (Pseu-
do F = 1.44, P (perm) = 0.12; PERMDISP: F = 0.99,
P (perm) = 0.44).

DISCUSSION

The taxonomic history of Merizocotyle has been com-
plicated since its proposal by Cerfontaine (1894), with
numerous synonymies not only among species, but also
among genera, such as Pseudomerizocotyle Kay, 1942,
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Thaumatocotyle and Mycteronastes (see Chisholm and
Whittington 1999 for taxonomic history).

The systematics of the Merizocotylinae changed con-
siderably after a morphology-based phylogenetic analysis
of Monocotylidae carried out by Chisholm et al. (1995).
The authors stated that they failed to demonstrate synapo-
morphies for Merizocotyle s.s. and Mycteronastes, con-
sidering the number of marginal loculi as plesiomorphic
and the number of peripheral loculi as non-informative,
both characters being the basis of previous discrimina-
tions between genera. Therefore, Chisholm et al. (1995)
synonymized Mycteronastes with Merizocotyle, and, al-
though Thaumatocotyle formed a monophyletic group, its
was also synonymised because, according to the authors,
its recognition would render Merizocotyle paraphyletic.
Consequently Merizocotyle was redefined, containing
11 species.

This classification was later retained by Chisholm and
Whittington (1999) in their revision of Merizocotylinae,
who defined 5 types of haptor in Merizocotyle: Type 1
with 1 central loculus, 7 peripheral and 21 marginal lo-
culi; Type 2 with 1, 7 and 18; Type 3 with 1, 5 and 18;
Type 4 with 1, 4 and 12; and Type 5 with 1, 4 and 13. Spe-
cies with haptor Type 1 (M. sinensis) and Type 2 (M. amp-
lidiscata, M. diaphana and M. pugetensis) are considered
Merizocotyle s.s. by Chisholm and Whittington (1999);
those with haptor Type 3 (M. icopae Beverley-Burton
et Williams, 1989 and M. undulatae (Kearn et Beverley-
Burton, 1990)) were previously members of Mycteron-
astes; the Type 4 is unique to M. urolophi Chisholm et
Whittington, 1999; and Type 5 includes those species
transferred from Thaumatocotyle, namely M. australensis
(Beverley-Burton et Williams, 1989), M. concinna (Scott,
1904), M. dasybatis MacCallum, 1916, M. longicirrus
(Hargis, 1955) and M. pseudodasybatis (Hargis, 1955).

The classification of Chisholm et al. (1995) was not ac-
cepted by Neifar et al. (2000) who recognized Thaumato-
cotyle when they described the new species, 7. tunisiensis
Neifar, Euzet et Hassine, 2000. These authors considered
that the number of marginal and peripheral loculi were
valid diagnostic features to distinguish this genus from
Merizocotyle, as previously used by Price (1938), Spros-
ton (1946) and Beverley-Burton and Williams (1989);
however, they did not make reference to the validity of
Mycteronastes.

Later, Chisholm et al. (2001) re-evaluated the mor-
phological phylogeny of the Monocotylidae proposed by
Chisholm et al. (1995) based on molecular analyses of
28S ribosomal DNA sequences. Their analysis included
sequence data of M. icopae (Type 3, formerly in Mycte-
ronastes), M. australensis (Type 5, formerly in Thauma-
tocotyle) and M. urolophi (Type 4); the latter was not
included in the previous morphological phylogeny. The
molecular results suggested that Mycteronastes and Thau-
matocotyle should be resurrected and that M. urolophi



could represent a distinct genus. However, Chisholm et al.
(2001) argued that sequences of more species need to be
analysed, particularly those of the Merizocotyle s.s. group,
before making these nomenclatural decisions.

In spite of the results of Neifar et al. (2000) and
Chisholm et al. (2001), there has not been consensus as to
the validity of Thaumatocotyle, as reflected in later pub-
lications, where additional species have been referred to
as either Thaumatocotyle — de Buron and Euzet (2005),
Marie and Justine (2006), Euzet and de Buron (2010) or
Merizocotyle — Chisholm and Whittington (2012).

Despite questions on the validity of Thaumatocotyle
and Mycteronastes, or their synonymy with Merizocotyle,
the number and distribution of the peripheral haptoral
loculi do allow us to differentiate the new species from
described members of Merizocotyle sensu Chisholm and
Whittington (1999).

In contrast, the host taxonomy supports a closer re-
lationship between M. euzeti sp. n. and species of Meri-
zocotyle s.s., namely M. amplidiscata, M. diaphana and
M. pugetensis. In fact, all of these species, plus M. undula-
tae (formerly in Mycteronastes) infect species of Rajidae
(Rajiformes), whereas M. icopae (formerly in Mycteron-
astes), and M. sinensis parasitize species of Rhinobatidae
(Rajiformes). All other nominal species of Merizocotyle
sensu lato mainly infect species of Dasyatidae (Mylioba-
tiformes).

As pointed out by Chisholm et al. (2001), future stud-
ies including additional molecular data from other meri-
zocotylines, especially from species of Merizocotyle s.s.,
will help clarify systematics of Merizocotyle sensu lato,
and of the new species particularly. Distribution of hap-
toral loculi and internal morphology could provide key
evidence for solving the confusing classification of the
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