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Abstract Hamaticolax resupinus n. sp. is described
from specimens collected from the gill cavities of
Coelorinchus mediterraneus Twamoto & Ungaro and
Coryphaenoides mediterraneus (Giglioli) (Gadi-
formes: Macrouridae) caught in the Western Mediter-
ranean Sea at depths between 1,236 and 1,626 m.
Hamaticolax resupinus n. sp. closely resembles H.
maleus Oldewage, 1994, but differs from the latter by
its smaller body size and in having a genital double-
somite in the female that is markedly wider than the
free abdominal somites and has strongly convex
lateral margins. The new species is only the second
bomolochid found on a macrourid host and is the first
from depths in excess of 1,200 m. Hamaticolax
resupinus n. sp. also represents the first parasitic
copepod recorded from Coe. mediterraneus and only
the third one from Cor. mediterraneus worldwide.
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Introduction

The genus Hamaticolax Ho & Lin, 2006 (Bomolochi-
dae Sumpf, 1871) is a small genus currently compris-
ing ten species. Typically parasites of the gill cavity,
these species have been reported from different
families of fishes from both the Atlantic and Pacific
Oceans: Hamaticolax attenuatus (Wilson, 1913)
described from Scorpaena plumieri Bloch (Scor-
paenidae) from off Jamaica; Hamaticolax embiotocae
(Hanan, 1976) described from Cymatogaster aggre-
gata Gibbons and other Embiotocidae from off
California; Hamaticolax galeichthyos (Luque &
Bruno, 1990) described from Galeichthys peruvianus
Liitken (Ariidae) from off Peru; Hamaticolax maleus
(Oldewage, 1994) described from Malacocephalus
laevis (Lowe) (Macrouridae) from off South Africa;
Hamaticolax occultus (Kabata, 1971) described from
Hippoglossoides elassodon Jordan & Gilbert and
Lyopsetta exilis (Jordan & Gilbert) (Pleuronectidae)
from off British Columbia, Canada; Hamaticolax
paralabracis (Luque & Bruno, 1990) described from
Paralabrax humeralis (Valenciennes) (Serranidae)
from off Peri; Hamaticolax prolixus (Cressey, 1969)
described from Pleuronichthys coenosus Girard (Pleu-
ronectidae) and subsequently found on other Pleu-
ronectidae plus some Batrachoididae, Cottidae,
Cynoglossidae, Embiotocidae, Hexagrammidae, Par-
alichthyidae and Sciaenidae from off California;
Hamaticolax scutigerulus (Wilson, 1935) described
from Pseudupeneus maculatus (Bloch) (Mullidae)

@ Springer

— 87 —



244

Syst Parasitol (2017) 94:243-254

from off Belize; Hamaticolax spinulus (Cressey,
1969) described from Scorpaena guttata Girard
(Scorpaenidae) and some Sebastidae and Hexagram-
midae from off California; and Hamaticolax unisagit-
tatus (Tavares & Luque, 2003) from Centropomus
undecimalis (Bloch) (Centropomidae) from off Brazil
(Wilson, 1913; Wilson, 1935; Cressey, 1969; Kabata,
1971; Hanan, 1976; Cressey, 1983; Luque & Bruno,
1990; Oldewage, 1994; Tavares & Luque, 2003).

During a parasitological survey of macrourid
species from the deep-sea off Catalonia and the
Balearic Islands (Western Mediterranean), a new
bomolochid of the genus Hamaticolax was collected
from the gills and inner surface of the opercula of
Coelorinchus mediterraneus Iwamoto & Ungaro and
Coryphaenoides mediterraneus (Giglioli). This is only
the second Hamaticolax species reported from macro-
urids and is the first member of the Bomolochidae to
be found in the deep Mediterranean Sea. This paper
describes both sexes of the new Hamaticolax species
from Coe. mediterraneus and Cor. mediterraneus, and
provides a key to the species of the genus.

Materials and methods

Three individuals of Coe. mediterraneus (preanal
length: 7.0-8.0 cm) and one of Cor. mediterraneus
(preanal length: 3.2 cm) were captured during the
oceanographic project ANTROMARE (Spanish Min-
istry of Science and Innovation) on the research vessel
Garcia del Cid with a semi-balloon otter-trawl (OTSB)
fished at depths between 1,236 and 1,626 m off
Barcelona and the Balearic Islands. Fish were mea-
sured, weighed, assigned unique codes and stored at
—20 °C on board until examination.

The copepods were removed from freshly thawed
fish, washed in physiological saline and preserved in
70% ethanol. They were dissected and mounted in
lactophenol as temporary slide preparations and
examined on an Olympus microscope equipped with
differential interference contrast optics. Drawings
were made with the aid of a drawing tube. Measure-
ments were made using an ocular micrometer and are
presented as the range followed by the mean (in
parentheses); all measurements are in millimetres.
Morphological terminology follows Huys & Boxshall
(1991). Host names were validated against FishBase
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(Froese & Pauly, 2016). Type-material is deposited at
the Natural History Museum, London (NHMUK).

Family Bomolochidae Sumpf, 1871
Genus Hamaticolax Ho & Lin, 2006

Hamaticolax resupinus n. sp.

Type-host: Coelorinchus mediterraneus Iwamoto &
Ungaro (Gadiformes, Macrouridae).

Other hosts: Coryphaenoides mediterraneus (Giglioli)
(Gadiformes, Macrouridae).

Type-locality: Off Barcelona, Western Mediterranean
(40°41.96'N, 01°3746'E — 40°54.35'N, 02°06.06'E);
depth: 1,236-1,269 m; 10.vii.2010, 16.x.2011).
Other localities: Off Ibiza, Western Mediterranean
(39°56.20'N, 01°37.91'E; depth: 1,626 m; 19.xi.2011).
Type-material: Holotype female (NHMUK
2015.2974), allotype male (NHMUK 2015.2975), 9
female paratypes (2 damaged) and 2 male paratypes (1
damaged) (NHMUK 2015.2977-2986) ex Coelor-
inchus mediterraneus; 2 female paratypes and 2 male
paratypes (1 damaged) (NHMUK 2015.2987-2990)
ex Coryphaenoides mediterraneus.

Site on host: Gill filaments and inner surface of the
opercula.

Etymology: The species name, resupinus, alludes to
the reflexed form of the outer margin spines on the
exopods of legs 3 and 4.

Description (Figs. 1-4)

Adult female. Body cyclopiform (Fig. 1A), 1.22 to
1.31 (1.26) long (n = 10); prosome length 0.79-0.92
(0.86), maximum width 0.65-0.79 (0.74). Prosome
comprising broad cephalothorax and free second to
fourth pedigerous somites; third somite not overlap-
ping fourth in dorsal view (Fig. 1A). Cephalothorax
bearing pair of acutely-pointed, tapering tines in
rostral area (Fig. 1C). Urosome (Fig. 1B) 0.40-0.44
(0.43) long (n =9), comprising fifth pedigerous
somite, genital double-somite and 3 free abdominal
somites. All urosomites wider than long; genital
double-somite with strongly convex lateral margins,
about 1.6 times wider than first free abdominal somite;
anal somite weakly incised posteromedially. Surfaces
of anterior urosomites smooth, lacking ornamentation;
paired transverse rows of spinules present on ventral
surface of anal somite and longitudinal row present
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ventrally on each caudal ramus (Fig. 1B). Caudal rami
(Fig. 1B) about 1.3 times longer than wide, bearing
single principal seta, plus 5 smaller setae.

Antennule (Fig. 1C) comprising broader proximal
part and slender distal part; proximal part 3-segmented
but third segment divided by partial suture; distal part
slender, comprising 3 segments. First segment bearing
5 pilose setae, none modified; second segment bearing
5 pilose setae, 3 naked setae dorsally, and 4 short
plumose setae on ventral surface; third segment
bearing 5 pilose setae, distalmost long, extending
beyond apex of antennule, 4 naked setae on dorsal
surface plus 1 small naked seta on ventral surface;
segments 4 to 6 with setal formula: 4, 2+1ae, 7+1ae.

Antenna (Fig. 1D) uniramous, 3-segmented; com-
prising long proximal segment (coxobasis) bearing
single long seta, short middle (=first endopodal)
segment armed with small naked seta and highly
ornamented apical segment. Apical segment compris-
ing partly fused second and third endopodal segments:
proximal part (representing second endopodal seg-
ment) produced into blunt distal process ornamented
with rows of spinules ventrally, continuous with
multiple rows over ventral surface of segment, and
armed with stout curved claw and pectinate process
distally: distal part (third endopodal segment) bearing
3 curved claws and 4 unequal naked setae.

Labrum (Fig. 2A) wider than long, ornamented
with 3 sensilla on ventral surface. Mandible (Fig. 1E)
tipped with 2 unequal blades, each with single
spinulate margin. Paragnath (Fig. 2A) bipartite; basal
part ornamented with long setules, distal process
blunt, covered with shorter setules. Maxillule
(Fig. 1F) lobate, armed with 1 minute naked seta and
3 unequal pilose setae. Maxilla (Fig. 2B) 2-seg-
mented; proximal segment (syncoxa) larger, unarmed;
second segment (basis) narrowing distally, bearing 2
spinulate apical elements plus naked seta. Maxilliped
(Fig. 2C) 3-segmented; comprising syncoxa, armed
with seta in proximal half; basis armed with 1 pilose
seta and vestigial seta located on medial margin;
terminal (endopodal) segment forming sigmoid claw
provided with short accessory process, and armed with
spinulate seta proximally.

Legs 1 to 4 biramous, with armature as indicated in
Table 1.

Leg 1 (Fig. 2D) modified, with flattened rami.
Protopod with swollen, hirsute outer basal seta; inner
coxal seta transformed into flattened broad, hirsute
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element and inner basal element modified into short
knob-like structure; basis ornamented with patches of
fine surface spinules; interpodal sclerite with 2
rounded anterior lobes ornamented with short spinules
around anterior margin. Exopod indistinctly 2-seg-
mented, retaining almost complete suture between first
and second segments but only partial suture between
second and third; first segment with large spine at
outer distal corner; compound distal segment bearing
total of 4 outer spines and 6 plumose setae. Endopod
3-segmented: all endopodal segments ornamented
with outer margin setules; second and third segments
with inner margin setules; first segment with rows of
fine surface spinules; third segment with minute spine
located proximal to base of outermost seta.

Leg 2 (Fig. 2E) with 3-segmented rami; coxa with
hirsute inner seta and basis with outer plumose seta
and inner patch of spinules. All outer spines on
exopodal segments unilaterally denticulate and pro-
vided with subterminal flagellum. Endopodal seg-
ments broad and flattened; outer margins of all
segments ornamented with long setules, second and
third segments with inner row of setules. Interpodal
sclerite unornamented.

Leg 3 (Fig. 3A) with 3-segmented rami; coxa and
basis armed with long inner and outer plumose setae,
respectively; basis ornamented with inner patch of
spinules. Exopodal segments with proximal outer
spines reflexed over ramus. First exopodal segment
with patch of spinules on outer distal margin.
Endopodal segments broad, flattened and ornamented
as in leg 2. Interpodal plate ornamented with paired
patches of short spinules.

Leg 4 (Fig. 3B) with 3-segmented rami; coxa
lacking inner seta; basis with outer plumose seta. All
outer spines on exopodal segments finely denticulate,
provided with subterminal flagellum and reflexed over
ramus as in leg 3. Outer margins of all endopodal
segments ornamented with long setules. Inner seta on
first endopodal segment short, extending nearly to
middle of second segment. Inner seta on second
endopodal segment extending to about mid-length of
third segment. Third segment with spinules present
adjacent to bases of outer and inner apical spines;
apical seta about as long as segment. Interpodal
sclerite ornamented with paired patches of fine
spinules as in leg 3.

Leg 5 (Fig. 2F) 2-segmented; protopodal segment
small, ornamented with patch of spinules and armed
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Fig. 2 Hamaticolax resupinus n. sp. Paratype female. A, Labrum and paragnaths in situ; B, Maxilla; C, Maxilliped; D, Leg 1; E, Leg 2;
F, Leg 5. Scale-bars: A, C-F, 100 pm; B, 50 pm
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Table 1 Armature of legs 1-4 of adult female Hamaticolax
resupinus n. sp.

Coxa Basis  Exopod Endopod
Leg1l 0-1 1-1 [-0; 1V, 6 0-1;0-1; L 5
Leg2 0O-1 1-0 [-0;I-1; M, 1,5 0O-1;0-2; 11, 3
Leg3 0-1 1-0 [-0; I-1; IL 1, 5 0-1; 0-2; 11, 2
Leg4 0-0 1-0 [-0: -1 IL 1. 5 0-1; 0-1; L 1, 1

with outer seta; free exopodal segment armed with
spinulate spine at mid-length, outer naked subterminal
spine, and inner spinulate and outer plumose terminal
elements; inner distal spine longer than outer subter-
minal spine. Exopodal segment ornamented with
spinules extending along outer margin, plus distal
rows,

Leg 6 (Fig. 1B) represented by 3 short setae located
in egg sac attachment area on genital double-somite.

Adult male. Body cyclopiform (Fig. 3C); 0.64-0.74
(0.69) long (n = 2). Prosome length 0.44-0.46 (0.45),
maximum width 0.31-0.35 (0.33); comprising
cephalothorax incorporating first pedigerous somite,
and free second to fourth pedigerous somites. Rostral
area without tines (Fig. 4A). Urosome (Fig. 3C)
length 0.21-0.28 (0.24); comprising fifth pedigerous
somite, elongate, pear-shaped genital somite, and two
free abdominal somites. Ventral surface of first free
abdominal somite naked (Fig. 3D). Anal somite
weakly incised, ornamented with transverse row of
spinules anteriorly and paired rows posteriorly
(Fig. 3D). Caudal rami (Fig. 3D) ornamented with
crescentic row of spinules ventrally; setation as in
female.

Antennule (Fig. 4A) 5-segmented; proximal 2
segments only slightly more robust than distal 3
cylindrical segments. First segment with 5 robust
pilose setae, none modified; compound second seg-
ment with 10 pilose setae, 5 naked setae dorsally, and 3
plumose and 2 naked setae ventrally; distalmost pilose
element on second segment shorter than in female.
Cylindrical distal segments with setal formula 4,
2+1ae and 7+ 1ae, respectively.

Antenna, mandible, maxillule and maxilla as in
female.

Maxilliped (Fig. 3E) with broad syncoxa armed
with plumose seta; basis robust, tapering distally,
ornamented proximo-medially with multiple rows of
short spinules and armed medially with 2 spinulate
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setae; distal subchela incorporating unarmed endopo-
dal segment, and bearing curved claw armed with long
seta proximally; concave margin of claw ornamented
with row of denticles, plus cluster at tip.

Legs 1 to 4 biramous with 3-segmented rami except
2-segmented endopod of leg 4; setal armature as
indicated in Table 2.

Leg 1 (Fig. 4B) protopod and rami less flattened
and less modified than in female. Coxa and basis
distinct; coxa ornamented with row of spinules and
armed with inner plumose seta (not swollen as in
female); basis armed with swollen hirsute outer seta
and ornamented with inner patch of spinules. Interpo-
dal sclerite linear, ornamented with paired patches of
small spinules. Outer spines on exopodal segments
each finely spinulate along outer margin and provided
with subterminal flagellum. All endopodal segments
ornamented with patches of spinules on anterior
surface near outer margins; second and third segments
each with row of setules along inner margin.

Legs 2 and 3 (Fig. 4C-D) with outer spines on
exopodal segments finely unilaterally spinulate, and
bearing subterminal flagellum. First exopodal segment
with distal patch of spinules near outer margin and
short row of setules on inner margin. Long setules
present on outer margins of endopodal segments.
Interpodal sclerites linear, ornamented with paired
patches of small spinules.

Leg 4 (Fig. 4E) with 3-segmented exopod and
2-segmented endopod; outer margin spines on exopod
segments finely unilaterally spinulate and bearing
subterminal flagellum. Outer distal patch of spinules
and inner row of setules present on first exopodal
segment. Inner plumose seta on proximal endopodal
segment about twice as long as ramus, extending
almost to tip of long seta on distal segment; distal
endopodal segment with inner apical spine almost
twice as long as outer spine; apical seta plumose, about
twice as long as ramus. Long setules present on outer
margins of both endopodal segments.

Leg 5 (Fig. 4F) 2-segmented; protopodal segment
small, armed with outer seta; free exopodal segment
ornamented distally with patches of spinules, and
bearing 2 unequal terminal setae.

Remarks

The new species is similar to Hamaticolax maleus, the
only other member of the genus reported from a
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Fig. 3 Hamaticolax resupinus n. sp. Paratype female. A, Leg 3; B, Leg 4. C, Allotype male, habitus, dorsal; D, Male, postgenital
somites and caudal rami, ventral; E, Male, maxilliped. Scale-bars: 100 pm
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Table 2 Armature of legs 14 of adult male Hamaticolax
resupinus n. sp.

Coxa  Basis  Exopod Endopod
Leg 1 0-1 1-0 -0;I-1; I, 1,4 0-1; 0-1; 1L 5
Leg 2 0-1 1-0 I0; I-1; IL I, 5 0-1; 0-2; I, 3
Leg3 0O-1 1-0 1-0; I-1; IL 1. 5 0-1; 0-2; I, 2
Legd4 00 1-0 1-0;0-1; I, 1,4 O-1; L I, T

macrourid host. Detailed comparisons with H. maleus
are difficult because of the number of observational
errors and misinterpretations apparent in Oldewage’s
(1994) original description of H. maleus. Apparent
differences, such as the lack of the small outer spine on
the third endopodal segment of leg 1 in H. maleus, are
almost certainly observational errors. Others errors are
more difficult to interpret: the figures of the legs are
incorrectly labelled in Oldewage (1994) and the
illustrations do not match the information in the text.
Using the exopodal setation formula as a reference we
identify Oldewage’s figure 2c as leg 2 (third exopodal
segment with TV, 5) and figure 2d as leg 3 (third
exopodal segment with ITI, 5). However the setation of
the third endopodal segment is the same in both
figures, whereas this segment of leg 3 typically has 2
setae and 2 spines in female bomolochids compared
with 3 setae and 2 spines present on leg 2.

As a result of the inconsistencies in Oldewage
(1994) we cannot rely on either the illustrations or the
written descriptions of the limbs to provide reliable
characters for species discrimination. The basic body
shape is, however, more readily comparable. Old-
ewage (1994) shows that the genital double-somite is
narrow and has more or less parallel lateral margins
and he specifically states that “genital segment and
three abdominal segments of equal diameter”. In
contrast, the genital double-somite of the new species
has strongly convex lateral margins (Fig. 1B) and is
about 1.6 times wider than the first free abdominal
somite. The body length of the female was not given
by Oldewage (1994) but from the scale provided with
the figure, the body length can be calculated as
1.6 mm, distinctly longer than the maximum length
(1.31 mm) of the new species. These differences in
size and gross body morphology might be supported
by characters based on the limbs, such as the different
proportional lengths of the 4 setae on the maxillules,

but the uncertainty surrounding Oldewage’s figures is
so high that we are unable to rely on them. Clearly, H.
maleus is in urgent need of redescription.

Hamaticolax maleus was found on the macrourid
Malacocephalus laevis caught off the west coast of
South Africa (Oldewage, 1994). The depth of capture
was unknown, but this host fish is typically found
between depths of 300 and 750 m (Geistdoerfer,
1990), although its overall depth range is 200 to
1,000 m according to Cohen et al. (1990). The hosts of
the new species were collected in the western basin of
the Mediterranean at depths of 1,236 to 1,626 m.

Discussion

Determining boundaries between some bomolochid
genera has proven problematic (Vervoort, 1962, 1969;
Cressey, 1984) and the genera Acantholochus Cressey,
1984 and Hamaticolax have shown a particularly high
level of instability (Ho & Lin, 2006; Morales-Serna &
Gomez, 2010). Morales-Serna & Gomez (2010)
addressed this problem and provided new diagnoses
of both Acantholochus and Hamaticolax. They trans-
ferred three species from Acantholochus to Hamati-
colax and another three species in the opposite
direction and then created keys to species of both
genera. The key to Acantholochus was updated by
Pashoal et al. (2013) who described a new species, A.
lamellatus Pashoal, Cezar & Luque, 2013 from
Conodon nobilis (Linnaeus) caught off Brazil. The
new bomolochid described here is placed in Hamati-
colax on the basis of the presence of a pair of rostral
hooks in the female, the form of the proximal
segments of the female antennule (i.e. the anterior
margin of the first two segments is straight), and the
presence of an accessory process on the claw of the
maxilliped. However, we consider that generic bound-
aries are still rather labile and that the validity of
bomolochid genera should be tested by a comprehen-
sive phylogenetic analysis.

Attempting to identify our material from Ceelor-
inchus mediterraneus and Coryphaenoides mediter-
raneus using the key of Morales-Serna & Gdémez
(2010) was problematic since the key contains a
number of errors. The second couplet distinguishing
between the type-species Hamaticolax attenuatus
(Wilson, 1913) and H. spinulus (Cressey, 1969), uses
two characters, the number of outer spines on the mid-
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exopod segment of leg 3 and the total number of setal
elements on the terminal exopod segment of leg 4.
Morales-Serna & Goémez (2010) refer to two outer
spines on the mid-exopod segment of leg 3, a character
state not found in the entire order Cyclopoida. Indeed,
in the whole of the Copepoda, two outer spines are
present on the second exopodal segment of leg 3 only
in the bizarre harpacticoid family Superornatiremidae
(Huys, 1996). They also refer to the presence of only 5
elements on the terminal exopod segment of leg 4, a
character state that would be extremely unusual for the
Bomolochidae. Using Vervoort’s (1969) redescription
of H. attenuatus, which was based on re-examination
of Wilson’s (1913) type material, it is clear that the
mid-exopod segment of leg 3 carries only one outer
spine, as normal, and that the terminal exopod segment
of leg 4 carries a total of 8 setal elements. So the
characters provided for the key couplet do not serve to
distinguish between the species. A new key is
provided below, avoiding characters such as antennu-
lary segmentation which are often difficult to interpret
as segments are often incompletely separated in
bomolochids.

Key to the species of Hamaticolax (based
on females)

la Urosome as long as or longer than prosome

...................................................... 2
1b  Urosome shorter than prosome ................ 3
2a  Hook-like spine on antenna extending beyond
tip of pectinate process ............ H. attenuatus
2b Hook-like spine on antenna not extending
beyond tip of pectinate process ..................
.......................................... H. spinulus
3a  Second endopodal segment of legs 2 and 3 with
1 inner seta .......oovvvvvennnnnns H. unisagittatus
3b  Second endopodal segment of legs 2 and 3 with
2 INNET SELAC .euvntieiieeareeveeanareeaeenenes 4
4a  Apical segment of leg 4 endopod with 2 setal
elements .........ooceeiiiiiinnn. H. galeichthyos
4b  Apical segment of leg 4 endopod with 3 setal
EIEMERtS oo me s e e 3
5a Third exopodal segment of legs 3 and 4 each
with 7 elements .................. H. embiotocae
5b  Third exopodal segment of legs 3 and 4 each
with 8 GlEMENES »uimmmmsusomisinv o 6
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6a Endopod of leg 4 elongate, almost twice as long
as exopod; third endopodal segment of leg 4
more than 4 times longer than wide ...............
.................................... H. paralabracis
6b Endopod of leg 4 typically about as long as
exopod, at most 1.5 times longer; third endopo-
dal segment of leg 4 at most 1.5 times longer

than wide .csmiseesimsmicae e a s 7
7a  Third exopodal segment of leg 2 with 8
elements (IT1, 5) ...ooveiiiiniiciiiiiieeees 8
7b  Third exopodal segment of leg 2 with 9
elements (IV, 5) oo, 9

8a Leg 4 with long inner seta on first and second
endopodal segments; seta on first segment
reaching beyond distal margin of second and

seta on second reaching beyond distal margin of
third SEEMENTt s sermmmessmmasimanss H. occultus

8b Leg 4 with short inner seta on first and second
endopodal segments; seta on first segment not
reaching beyond distal margin of second, and

seta on second segment not reaching beyond
distal margin of third ............ H. scutigerulus

9a Leg 4 with long inner seta on first and second
endopodal segments; seta on first segment
reaching beyond distal margin of second and

seta on second reaching beyond distal margin of
1713 700 11 )| s — H. prolixus

9b Leg 4 with short inner seta on first and second
endopodal segments; seta on first segment not
reaching beyond distal margin of second, and

seta on second segment not reaching beyond
distal margin of third .........................l. 10

10a  Body length of adult female 1.6 mm; genital
double-somite with linear lateral margins, about
equal in width to free abdominal somites
............................................. H. maleus

10b  Body length of adult female 1.3 mm; genital
double-somite with strongly convex lateral
margins, markedly wider than free abdominal
SOMIES o rvvsmmvivenvisi H. resupinus n. sp.

Hamaticolax resupinus n. sp. is the first species of
the genus found below 1,300 m. Considering the
bathymetric distribution of Coe. mediterraneus and
Cor. mediterraneus in the studied area, this parasite
could potentially be found up to 2,250 m depth,
although it is likely to occur around 1,200 to 1,800 m,
where its hosts are more abundant (Stefanescu et al.,
1992, 1993). Hamaticolax resupinus n. sp. is the first
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recorded parasitic copepod from Coe. mediterraneus
and the third from Cor. mediterraneus worldwide,
after Chondacanthodes deflexus Wilson, 1932 (see
Kellermans et al., 2009) and Sarcotaces sp. (see
Bullock et al., 1986), and its first Hamaticolax species
from the Mediterranean Sea. Bomolochids are uncom-
mon parasites of Macrouridae. The most common
copepod families reported from macrourids are the
Chondracanthidae Milne Edwards, 1840, Lernaecopo-
didae Milne Edwards, 1840 and Sphyriidae Wilson,
1919, especially the genera Clavella Oken, 1815 and
Lophoura Kolliker, in Gegenbaur, Kolliker & Muller,
1853 (see Boxshall, 1998; Klimpel et al., 2009).
However, the Macrouridae is a family with a world-
wide distribution comprising over 400 species (Froese
& Pauly, 2016), and only few have been targeted for
extensive parasitological studies, such as Cor.
mediterraneus (Kellermanns et al., 2009), Co-
ryphaenoides rupestris Gunnerus (Campbell et al.,
1980; Zubchenko, 1981) and Macrourus berglax
Lacépede (Zubchenko, 1981; Palm & Klimpel,
2008). Therefore, as parasitological studies on mem-
bers of the Macrouridae increase, the number of
copepod parasites probably will do so, including the
number of Bomolochidae.
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A new nematode species, Rap aris (Rap aris) macrouri n. sp. (Anisakidae ), is described from male and
female specimens found in the intestine, and occasionally in stomach and pyloric caeca, of two deep-water
macrourid fishes (Gadiformes) off Barcelona, Mediterranean Sea: Nezumia aequalis (Giinther) (type-host) and
Trachyrincus scabrus (Rafinesque). Based on light and scanning electron microscopy examination, the new spe-
cies shows similar morphological features as the other four valid species of the subgenus Raphidascaris Railliet
& Henry, 1915, but it differs from Raphidascaris (Raphidascaris) acus (Bloch, 1779), Raphidascaris (Raphidascaris)
lutjani Olsen, 1952 and Raphidascaris (Raphidascaris) mediterraneus Lébre & Petter, 1983 in the high number of
precloacal papillae (23-32) and from Raphidascaris (Raphidascaris) gigi Fujita, 1928 in the length of the spicules.
Moreover, Raphidascaris (Raphidascaris) macrouri n. sp. exhibits a high variability on the number and distribution
of caudal papillae, which was not recorded in the other four mentioned species. This is the first species of this sub-
genus reported from the family Macrouridae. Sequences of [TS1-5.85-ITS2 region are analysed and compared
with closely related nematode species. Molecular analysis confirmed the uniformity of the R. (R.) macrouri n.

sp. between hosts.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Knowledge on the parasite fauna of deep-sea fishes in the Mediter-
ranean has long been scarce. Most efforts have been focused on the
identification and taxonomy of parasites in a range of deep-sea
fish hosts in the Western Mediterranean [1-7]. Two common inhabi-
tants of the western Mediterranean middle-slope [8,9] are Nezumia
aequalis (Giinther) and Trachyrincus scabrus (Rafinesque) (Gadiformes:
Macrouridae), demersal deep-sea fishes distributed in the Atlantic
Ocean and Mediterranean Sea [10].

During a parasitological study of these two fish species in the
Western Mediterranean off Spain, an unknown anisakid nematode of
the genus Raphidascaris Railliet & Henry, 1915 was found with a high
prevalence, especially in N. aequalis. Although species of Raphidascaris
are parasites of the digestive tract of a range of marine, brackish and
freshwater fishes worldwide [11-14], adults of just a single species,
Raphidascaris (Raphidascaris) mediterraneus Lébre & Petter, 1983, have

* Corresponding author. Tel.: +34 935814637.
E-mail address: Maite.Carrasson@uab.cat (M. Carrassén).
! Equal contributors.

http://dx.doi.org/10.1016/j.parint.2015.05.002
1383-5769/© 2015 Elsevier Ireland Ltd. All rights reserved.

been reported to parasitise Chelidonichthys cuculus (Linnaeus) and
Chelidonichthys obscurus (Walbaum) in the Mediterranean [15,16],
while larval forms of Raphidascaris sp. have been recorded in Mora
moro [4].

This paper provides a description of a new species of the genus
Raphidascaris from N. aequalis and T. scabrus based on detailed morpho-
logical (light and scanning electron microscopy) and molecular charac-
terisation and phylogenetic analyses.

2. Materials and methods
2.1. Sample collection and morphological examination

Ten individuals of N. aequalis (preanal length: 2.8-5.8 cm) and four
of T. scabrus (preanal length: 8.5-11.5 cm). were collected in 2007 and
2014 from the continental slope off Barcelona at depths between 558
and 1102 m. Sampling was carried out within the framework of the
oceanographic projects BBOMARE and ANTROMARE (Spanish Ministry
of Science and Innovation) on the research vessel Garcia del Cid with a
semi-balloon otter-trawl (OTSB) and a commercial fishing gear (BOU).
Fishes were measured, weighed, assigned unique codes and stored at
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Table 1

GenBank accession numbers of sequences for the anisakid nematodes used in the analyses.
Species Host Country GenBank no. References
Raphidascaris longispicula Uroconger lepturus China JN102362 [38]
Raphidascaris lophii China JF809816 [39]
Raphidascaris lophii Sebastes inermis Korea JX974559 [40]
Raphidascaris trichiuri Muraenesox cinereus China FJ009682 [41]
Hysterothylacium fabri Liparis tanakae China KF736942 [42]
Hysterothylacium fabri Chelidonichthys spinosus Korea 1X974558 [40]
Hysterothylacium fabri China 1Q520158 [38]
Hysterothylacium aduncum Zoarces viviparus Denmark JX845137 unpublished
Hysterothylacium zhoushanensis Pseudorhombus oligodon China 1X028277 [38]
Hysterothylacium deardorffstreetorum Paralichthys isosceles Brazil JF730203 [43]
Anisakis simplex Balaenoptera acutorostrata Norway JX535521 [44]
Anisakis physeteris Physeter macrocephalus Mediterranean Sea JQ912693 [44]
Anisakis ziphidarum Mesoplodon grayi South Africa JQ912691 [44]

— 20 °C. The nematodes were dissected out from fresh and freshly-
frozen fish, washed in physiological saline and stored in 70% ethanol.
For light microscopy examination, nematodes were cleared through a
glycerine-water series. Drawings were made with the aid of an Olym-
pus BX51 drawing tube. The type-material was deposited in the British
Museum (Natural History) Collection at the Natural History Museum,
London, UK (BMNH).

Nematode specimens (three males and two females) used for
scanning electron microscopy were fixed in 10% buffered formaline,
washed 4 times for 10 min each in 0.1 M phosphate buffer, postfixed
in 1% (wt./vol.) osmium tetraoxide with 0.7% ferrocyanide in phosphate
buffer, washed in water, dehydrated in an ascending ethanol series
(50, 70, 80, 90, and 95% for 10 min each and twice with 100% ethanol),
and dried by critical point drying with CO,. Samples were mounted on

Fig. 1. Raphidascaris (Raphidascaris) macrouri n. sp., scanning electron micrographs. A, B — cephalic end of male, apical views (circle indicates group of small denticulations). C — anterior
end of body, subventral view (arrow indicates excretory pore). D, E — posterior end of male, lateral and ventral views, respectively. F-I — region of cloaca, different specimens
(arrows indicate phasmids). Abbreviations: a. amphid, b. submedian papilla, Ip. lateral papilla, and rl, rounded lobe. Scale bars: A, B, F, G, H, and I, 10 um; C, D, and E, 100 pm.
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adhesive carbon films and coated with gold. Nematodes were observed
with an S$-570 scanning electron microscope (Hitachi Ltd., Japan) at
an accelerating voltage of 10 and 15 kV. All measurements are in
micrometres unless otherwise stated.

2.2. Molecular data

Four nematodes (one male and one female of each host species)
were molecularly analysed. DNA from all samples was extracted with
Qiagen TM (Valencia, California) DNeasy® Blood and Tissue Kit. The
ITS1-5.8S-ITS2 region was amplified by polymerase chain reaction
(PCR) using the primers A (forward: 5-GTC GAA TTC GTA GGT GAA
CCT GCG GAA GGA TCA-3’) and B (reverse: 5-GCC GGA TCC GAA TCC
TGG TTA GTT TCT TTT CCT-3') [17] at 25 pM in 50 pL PCR reaction vol-
ume. PCR was performed under the following conditions: initial dena-
turation at 94 °C for 5 min, followed by 30 amplification cycles of
94°Cfor 305,55 °Cfor30sand 72 °C for 1 min 10 s, and a final extension
step at 72 °C for 7 min. PCR products were checked on GelRed Nucleid
Acid Gel Stain in 1% agarose gels, purified and sequenced by Macrogen
(Amsterdam, Netherlands). Sequences were aligned using Bioedit v.
7.2.5 18] and variable sites were checked visually for accuracy.

Contiguous sequences were assembled using MEGA v.6 [19] and
submitted to GenBank. Sequences from isolates were aligned using
Muscle implemented in Mega v.6 with thirteen sequences for represen-
tatives of Anisakidae (species of Raphidascaris, Hysterothylacium
and Anisakis, the latter used as outgroups) retrieved from GenBank
(Table 1) and used in the phylogenetic analyses. The alignment was
trimmed to the length of the shortest sequence and exclusion set
(positions with ambiguous alignment) was defined using Gblocks [20]
as implemented in SeaView v. 4 [21]. Maximum likelihood (ML) and

A

Bayesian inference (BI) analyses were conducted after analysis of the
evolutionary substitution model with jModelTest 2.1.4 [22,23] using
Akaike Information Criteria (AIC). The best-fitting model selected was
the general time-reversible model with gamma distributed rate varia-
tion among sites (GTR + G). ML analysis was carried out in PhylML
3.0[24], with a non-parametric bootstrap validation based on 1000 rep-
licates. BI analysis was performed with MrBayes v.3.2 [25]. Log likeli-
hoods were estimated over 10,000,000 generations using Markov
Chain Monte Carlo (MCMC) searches on two simultaneous runs of
four chains, samplings trees every 1000 generations. The first 2500
trees were discarded as “burn-in” and a consensus topology and nodal
support estimated as posterior probability values [26] were calculated
from the remaining trees. Pairwise genetic distances were calculated
using the “uncorrected p-distance” model implemented in MEGA v.6.

3. Results
3.1.R. (R.) macrouri n. sp.

3.1.1. General

Medium-sized, yellowish nematodes with transversely striated cuti-
cle. Lips nearly equal in size (dorsal lip slightly smaller than ventrolater-
al lips), wider than long, with lateral membranous flanges; pulp with
two distinct anterior lobes. Dorsal lip with two double papillae; each
ventrolateral lip bears one double subventral papilla, one small single
papilla and lateral amphid (Fig. 1A-C). Interlabia and cervical alae
absent. Oesophagus short; posterior half broader than anterior part
(Fig. 2A-B). Ventriculus transversely oval; ventricular appendix
relatively short, posteriorly directed. Excretory pore slightly posterior

e

~nnm o

Fig. 2. Raphidascaris (Raphidascaris) macrouri n. sp. A, B— anterior end of male and female, respectively, lateral views. C — region of vulva with non-embryonated eggs, lateral
view. D — region of vulva with embryonated eggs, lateral view. E, F — caudal end of female and male, respectively, lateral views. Scale bars: A, B, C, 500 um; D, 300 um; and E,

F, 100 um.
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to level of nerve-ring. Tail of both sexes conical, ending in small process
with nodular to digitiform protuberances (Figs. 2E; 3D-H).

3.1.2. Male (based on 11 specimens; four ex N. aequalis and seven ex
T. scabrus; measurements of holotype in parentheses; Figs. 1-4; Table 2)
Length of body 8.77-18.01 (11.49) mm, maximum width 225-349
(256). Dorsal lip 30-39 (36) long; ventrolateral lips 39-46 (41) long.
Length of oesophagus 0.86-1.46 (1.30) mm, representing 7-11 (11)%
of body length, oesophagus maximum width 70-158 (104). Nerve-
ring and excretory pore 293-408 (345) and 359-614 (548), respective-
ly, from anterior extremity. Ventriculus 62-91 x 69-128 (91 x 102);
ventricular appendix 221-425 (365) long, 35-81 (81) wide (Fig. 2A).
Posterior end of body curved ventrally (Fig. 2F). Spicules subequal,
alate, with proximal end expanded and distal end pointed; left spicule
180-240 (180) long, right spicule 191-294 (211) long; spicule length
representing 1-2 (2)% of body length. Gubernaculum absent. A total of
31-42 (36) pairs of subventral papillae present, 23-32 (28) precloacal,
1-2 (2) adcloacal, the latter at level of cloaca (if single) or one some-
what anterior and the other somewhat posterior to cloaca (if two);
and 5-9 (6) postcloacal (Figs. 1D-1, 4A-E). Most papillae small rounded
(Fig. 4B) to acicular (Fig. 4E), subventral (Fig. 4D), although some papil-
lae sublaterally displaced (Fig. 4C). Posteriormost precloacal, adcloacal
and postcloacal papillae very small. Seventh pair of postcloacal papillae

sometimes triple (Fig. 3A). Single median papilla on the anterior cloacal
lip of some individuals. Two small papilla-like structures on the posteri-
or cloacal lip (Fig. 3C). Distribution of precloacal papillae variable, with
three basic patterns: coupled papillae starting at the eleventh papilla
from the cloaca (Fig. 4A); well-separated single papillae (Fig. 4B, D) or
closely-located single papillae (Fig. 4E). Tail 123-175 (169) long, phas-
mids at last third (Fig. 11).

3.1.3. Gravid female (based on four specimens: two ex N. aequalis and two
ex T. scabrus; measurements of allotype in parentheses; Figs. 1-3; Table 3)

Length of body 20.47-36.29 (20.47) mm, maximum width 441-602
(500). Dorsal lip 41-59 (59) long; ventrolateral lips 48-56 (55) long.
Length of oesophagus 1.28-2.18 (1.82) mm, representing 5-9 (9)% of
body length, maximum width 154-210 (175). Nerve-ring and excretory
pore 338-571 (473) and 654-845 (671), respectively, from anterior ex-
tremity. Ventriculus 83-100 x 141-163 (100 x 141); ventricular ap-
pendix 339-484 (484) long, 66-96 (66) wide (Fig. 2B). Vulva situated
in anterior region of body, at 5.28-6.59 (6.03) mm from anterior ex-
tremity, representing 16-29 (29)% of body length; vagina directed ante-
riorly from vulva in a specimen with embryonated eggs, and posteriorly
in the remaining specimens. Uterus anterior (female with embryonated
eggs) or posterior to vulva (remaining specimens) (Fig. 2C-D). Eggs
numerous, suboval to almost rounded, thin-walled, smooth; size

Fig. 3. Raphidascaris (Raphidascaris) macrouri n. sp., scanning electron micrographs. A — postcloacal papillae, subventral view (arrowhead indicates triple papilla). B — tail tip with a pair of
ventral papillae. C — region of cloaca (arrowhead and asterisk indicate single anterior and posterior pair of papillae, respectively). D-H — tail tip, different specimens. | — tail of female,
subventral view (arrow indicates phasmids). Scale bars: A, B, and C, 10 um; D, E, G, and H, 5 um; F, 2 um; and 1, 50 pm.
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Fig. 4. Raphidascaris (Raphidascaris) macrouri n. sp. posterior end of male showing the variability in the distribution of caudal papillae. A, B, C — from Nezumia aequalis. D, E — from

Trachyrincus scabrus. Scale bars: A, B, C, D, and E, 300 um.

46-59 x 39-58 (56 x 49). Tail 325-472 (325) long (Fig. 2E), phasmids
at last third (Fig. 31).

3.1.4. Non-gravid female (based on two specimens ex N. aequalis)

Length of body 11.70-14.30 mm, maximum width 292-377. Dorsal
lip 40-54 long; ventrolateral lips 42-53 long. Length of oesophagus
1.03-1.15 mm, representing 8-9% of body length; maximum width
110-141. Nerve-ring at 346 from anterior extremity. Ventriculus
91 x 127; ventricular appendix 281 long, with maximum width 60.
Vulva at 3.02-3.97 mm from anterior extremity, representing 26-28%
of body length; vagina directed posteriorly. Tail 252-303 long.

3.1.1. Taxonomic summary

Type-host: Common Atlantic grenadier Nezumia aequalis (Giinther,
1878) (Gadiformes, Macrouridae) (preanal length 2.8-5.8 cm).

Other hosts: Roughsnout grenadier, Trachyrincus scabrus (Rafinesque,
1810) (Gadiformes, Macrouridae) (preanal length 8.5-11.5 cm).

Type-locality: Off Barcelona Spanish western Mediterranean. Ex
N. aequalis (coordinates: 41° 05.25'N, 02° 05.14'E-41° 14.50’N, 02°

27.38'E; depth: 573-1102 m; dates: 28/04/2007, 26/06/2007, 05/07/
2007, 19/07/2007, 28/12/2007, 06/05/2014, 19/05/2014); ex T. scabrus
(coordinates: 41° 08.92'N, 02° 24.03’'E-41° 14.52 N, 02° 27.36'E;
depth: 558-783 m; dates: 06/03,/2007, 11/05/2007, 19/07,/2007).

Site of infection: Intestine, occasionally stomach and pyloric caeca.

Type-specimens: Holotype, allotype and paratypes at the BMNH:
holotype and paratype ex N. aequalis (NHMUK.2015.5.19.1-2);
paratypes: 3 males and 3 females ex N. aequalis (NHMUK.2015.5.19.3-
8), 2 females and 7 males ex T. scabrus (NHMUK.2015.5.19.9-17).

Representative sequences: ITS1-5.85-ITS2 region; GenBank acces-
sion numbers: KR232377) [R. (R.) macrouri ex N. aequalis}; KR232376
[R. (R.) macrouri ex T. scabrus).

Etymology: The specific name of this nematode relates to the geni-
tive from the generic name of host family (i.e., Macrouridae).

3.2. Molecular characterisation

The four sequences of the ITS1-5.85-ITS2 region of rDNA obtained
herein based on material of R. (R.) macrouri n. sp. from both fish hosts
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Table 2

Morphometric data for males of Raphidascaris ( Raphidascaris) macrouri n, sp. from two
hosts collected off the Mediterranean coast of Spain. All measurements are in micrometres
unless otherwise stated.

Host Nezumia aequalis Trachyrincus scabrus
Locality Off Barcelona Off Barcelona
n=11 n=7
Body length (mm) 11.40-13.04 8.77-18.01
Body maximum width 227-274 225-349
Dorsal lip length 31-37 30-39
Ventrolateral lip length 40-42 39-46
Oesophagus length (mm) 1.07-1.30 0.86-1.46
(% of body length) (9-11) (7-10)
Oesophagus width 104-119 70-158
Nerve-ring to anterior body end 345-380 293-408
Excretory pore to anterior body end 483-548 359-614
Ventriculus length 62-91 63-80
Ventriculus width 93-114 69-128
Ventricular appendix length 357-388 221-425
Ventricular appendix width 36-81 35-64
Left spicule length 180-199 180-240
Right spicule length 221-237 191-294

Spicule length as % of body length 2 1-2

Total no. of papillae 31-36 32-42
No. of precloacal papillae 24-28 23-32
No. of adcloacal papillae 2 1-2

No. of postcloacal papillae 5-7 7-9

Tail length 125-169 123-175

were 740 bp long and showed no intraspecific divergence. Therefore,
only one sequence per host species was submitted to GenBank. The
trees inferred from both Bl and ML analyses had the same topology
with similar nodal support (Fig. 5). Both analyses provided strong sup-
port for the affiliation of the new species to Raphidascaris, placing the
new species as earlier divergent. Pairwise comparisons between the
newly-obtained sequences for R. (R.) macrouri n. sp. with those for
other species of Raphidascaris revealed divergence levels ranging from
13.2 to 13.6% (Table 4). It is worth noting that the interspecific diver-
gence was much lower (0.3-4.3%) among the three species used in
the comparisons, all belonging to the subgenus Ichthyascaris. Although
representatives of Anisakis and Hysterothylacium formed strongly sup-
ported clades, the relationships of Hysterothylacium zhoushanensis and
Hysterothylacium deardoffoverstreetorum were not resolved in our
analyses.

Table 3

Morphometric data for gravid females of Raphidascaris (Raphidascaris) macrouri n. sp.
from two hosts collected off the Mediterranean coast of Spain. All measurements are in
micrometres unless otherwise stated.

Host Nezumia aequalis Trachirincus scabrus
Locality Off Barcelona Off Barcelona
n=2 n=2
Body length (mm) 20.47-23.67 32.41-36.29
Body maximum width 463-500 441-602
Dorsal lip length 41-59 48-50
Ventrolateral lip length 48-56 50-55
Oesophagus length (mm) 1.28-1.82 1.91-2.18
(% of body length) 5-9 6
Oesophagus width 154-175 210
Nerve-ring to anterior body end 338-473 447-571

Excretory pore to anterior body end 6717 654-845
Ventriculus length 83-100 91°
Ventriculus width 141-163 156"
Ventricular appendix length 339-484 403-464
Ventricular appendix width 66-88 66-96
Vulva to anterior body end (mm) 5.28-6.03 5.67-6.59
(% of body length) (22-29) (16-20)
Egg-length 47-59 46-54
Egg-width 39-53 51-58
Tail length 325-355 399-472
tin="1

4. Discussion

The nematode family Anisakidae Railliet & Henry, 1912 includes the
subfamily Raphidascaridinae Hartwich, 1954 and tribe Raphidascaridinea
Chabaud, 1965, where three genera are recognised, namely, Raphidascaris
Railliet & Henry, 1915, Raphidascaroides Yamaguti, 1941 and Thynnascaris
Dollfus, 1933 [27]. The genera Ichthyascaris Wu, 1949 and Sprentascaris
Petter & Cassone, 1984 were erected to accommodate some species mor-
phologically closely related to Raphidascaris; these were differentiated
from the species in the latter genus by the presence of lateral alae and sev-
eral well-developed postlabial cuticular elevations, respectively [28,29].
However, Ichthyascaris and Sprentascaris where recognised as subgenera
of Raphidascaris in subsequent revisions [11,30]. Therefore, the
genus Raphidascaris currently includes the subgenera Ichthyascaris,
Raphidascaris and Sprentascaris.

The present material is assigned to R. (Raphidascaris) due to the
presence of well-developed lips, excretory pore slightly posterior to
the level of the nerve-ring, posteriorly directed ventricular appendix,
and the lack of postlabial ornamentation, interlabia and intestinal cae-
cum [27]. Four species are considered to belong to the nominotypical
subgenus Raphidascaris [13,31]: R. (R.) acus (Bloch, 1779), which is
found in different freshwater fishes (Anguilliformes, Gadiformes and
Salmoniformes) in Europe, Asia and North America [27]; R. (R.) gigi
Fujita, 1928 in freshwater fishes of the families Bagridae, Salmonidae
and Plecoglossidae from Lake Biwa system, Japan [11]; R. (R.) lutjani
Olsen, 1952, a parasite of the marine fish Lutjanus analis (Cuvier)
(Lutjanidae) in the Gulf of Mexico [32]; and R. (R.) mediterraneus
Lébre & Petter, 1983 in C cuculus and C. obscurus (both Triglidae) from
the Mediterranean Sea [15,16].

R. macrouri n. sp. is the first species of the genus described from fish-
es of the family Macrouridae and is easily distinguishable from R. lutjani
and R. acus in the high number of precloacal papillae (23-32 vs. 9-14
and 17-20, respectively) and length of spicules (180-294 vs.
1060-1090 and 440-1200 pum, respectively) [27,31]. R. lutjani can fur-
ther be differentiated from R. macrouri n. sp. by the much larger size
of body (males: 32.10-50.50 vs. 8.77-18.01 mm; females: 72.10 vs.
20.47-36.29 mm) and the more posterior position of vulva (33 vs.
16-29% of body length) [32]. R. acus exhibits longer oesophagus
(1.60-5.15 vs. 0.86-2.18 mm), ventricular appendix (800-2660 vs.
221-484 pm), and eggs (70-100 x 66-78 vs. 46-58 x 41-57 um) than
the new species [27].

Raphidascaris gigi is very similar to R. macrouri n. sp. in the number of
caudal papillae (37-42 vs. 31-42), but differs in the smaller body size
(males: 5.90-8.46 vs. 8.77-18.01 mm; females: 14.25-18.90 vs.
20.47-36.29 mm), longer spicules (354-476 vs. 180-294 um), longer
ventricular appendix in females (612-639 vs. 339-484 um) and a
more anteriorly located vulva (6-7 vs. 16-29% of body length) [11].

R. macrourin. sp. closely resembles R. mediterraneus in having similar
length of oesophagus (0.86-2.18 vs. 1.47-1.90 mm), distance from ex-
cretory pore to anterior extremity of body (359-845 vs. 560-750 pm)
and spicule length (180-294 vs. 200-230 um), but differs in the smaller
body size of males (8.77-18.01 vs. 15-30 mm) and exhibits a signifi-
cantly high number of precloacal papillae (23-32 vs. 14-17) [15].

Morphometric variability was observed in the specimens of
R. macrouri n. sp. collected from the two macrourid hosts. The speci-
mens from T. scabrus were generally larger in comparison with those
obtained from N. aequalis (Tables 2, 3). This difference may be related
to the host size (T. scabrus is bigger than N. aequalis). The influence of
the host size on the total length of parasites has already been reported
in nematodes of freshwater and marine fishes [33-36]. Interestingly,
the disposition of the vagina also varied among the gravid females of
the new species. This structure was anteriorly directed from the vulva
in specimens with embryonated eggs, whereas non-gravid females
had a posteriorly directed vagina. Different vagina orientations during
female development were also reported by Moravec and Nagasawa
[11]in R. gigi. Probably, an advanced developmental stage and increase
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Fig. 5. Phylogenetic tree reconstructed using the newly-generated and retrieved from GenBank sequences for Raphidascaris species. Nodal support from Maximum Likelihood (ML) and
Bayesian Inference (BI) analyses are indicated above and below the nodes. Outgroup: Anisakis species. The scale-bar indicates the expected number of substitutions per site.

in the number of eggs causes expansion of the uterus towards the ante-
rior end and in consequence the vagina adopts anterior direction.

The number of caudal papillae in males of R. macrouri n. sp. (23-32
papillae) also showed a distinct variability in comparison to other
species of Raphidascaris. Out of all the described species of this
genus only two show a similar degree of variability in the number
of precloacal papillae: Raphidascaris (I.) vicentei Santos, 1970 (syn.

Raphidascaris camura Deardorff & Overstreet, 1981) (31-40 papillae)
and Raphidascaris (S.) hypostomi (Petter & Cassone, 1984) (17-26
papillae) [30,37].

In addition to the detailed morphological description, this study pro-
vides the first molecular characterisation of a Mediterranean nematode
species of Raphidascaris. Both Bl and ML analyses provided strong sup-
port for the generic affiliation of the new species. Even though there

Table 4
Pairwise p-distance values for the new species described and the other nematoda species included in this study for the molecular comparison, based on the sequenced ITS1-5.8S-1TS2
region of rDNA.
1 2 3 + 5 6 7 8 9 10 11 12 13 14 15

1 Raphidascaris macrouri n. sp. ex. Trachyrincus scabrus

2 Raphidascaris macrouri n. sp. ex. Nezumia aequalis 0.000

3 JN102362 Raphidascaris longispicula 0.136 0.136

4 JF809816 Raphidascaris lophii 0.132 0.132 0.042

5 JX974559 Raphidascaris lophii 0.132 0.132 0.040 0.001

6  FJ009682 Raphidascaris trichiuri 0.135 0.135 0.043 0.004 0.003

7  KF736942 Hysterothylacium fabri 0.161 0.161 0.213 0.209 0.208 0.208

8  JX974558 Hysterothylacium fabri 0.161 0.161 0213 0209 0.208 0.208 0.003

9 ]Q520158 Hysterothylacium fabri 0.162 0.162 0213 0209 0.208 0.208 0.001 0.001

10 |X845137 Hysterothylacium aduncum 0.164 0.164 0209 0209 0207 0207 0065 0.065 0.063

11 JX028277 Hysterothylacium zhoushanensis 0.153 0.153 0.166 0.171 0.171 0.171 0.144 0.145 0.145 0.139

12 JF730203 Hysterothylacium deardorffoverstreetorum ~ 0.159 0.159 0.186 0.188 0.186 0.186 0.126 0.128 0.128 0.122 0.100

13 JX535521 Anisakis simplex 0297 0297 0299 0293 0293 0295 0288 0288 0286 0275 0266 0244

14 Q912693 Anisakis physeteris 0.294 0294 0297 0.298 0.300 0301 0.287 0.287 0285 0.272 0.254 0250 0.122

15 JQ912691 Anisakis ziphidarum 0283 0283 0294 0290 0290 0291 0284 0284 0283 0279 0263 0249 0052 0.119
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were differences in the number and distribution of caudal papillae in
nematodes from both host species, the sequences proved that they
were identical (Fig. 1). Unfortunately, the number of sequences of the
ITS region for species of the Anisakidae, based on reliably identified mate-
rial, is still very small. R. macrouri n. sp. represents the first species of the
genus reported from macrourid fish and the second described from fish in
the Mediterranean. Our study thus adds a new species to the mostly un-
known parasite fauna of the deep-sea Mediterranean fishes.
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CONCLUSIONS

1) The parasite communities of Alepocephalus rostratus were formed by little number
of species (seven metazoan species and one coccidian). Low richness together with
the high proportion of larval forms are usually characteristic of meso- and bathypelagic
fish species. This is probably due to the specialized diet of A. rostratus on planktonic

organisms.

2) Tetraphyllidea fam. gen. sp. was the most prevalent parasite in A. rostratus. Being
present in all samples, this might indicate a strong trophic link between the definitive
host and A. rostratus. Molecular analyses related this parasite to the Phyllobothriinae,

which are usually encountered as adults in sharks.

3) The nematodes Cucullaninae gen. sp. and Hysterothylacium aduncum and the
digenean Paracacladium sp. could be considered as potential tags of discrimination

between populations of A. rostratus at different depths.

4) The great abundance and prevalence of Cucullaninae gen. sp. larvae (L3) at 1000
and 1400 m depth could be due to the greater consumption of calanoid copepods by
the host at this depth. Paraccacladium sp., a digenean genus exclusively found in
gelatinous planktonic feeders, increases its abundance at 1400-2000 m depth
probably due to an increase on the predation of the Siphonophora Chelophyes
appendiculata. The increasing abundance of Hysterothylacium aduncum with depth in
A. rostratus might be related to an increase on consumption of different benthic

crustaceans related to depth.

5) The abundance of Paraccacladium sp. was related to temperature probably because
siphonophorans, intermediate host of this parasite, prefer warmer water masses; and
Cucullaninae gen. sp. was associated with turbidity, presumably due to the latter
promoted the abundance of calanoid copepods, the possible first intermediate host of

Cucullaninae gen. sp.

6) The parasites Tetraphyllidea fam. gen. sp., Anisakis physeteris and H. aduncum
were related to lower levels of activity for AChE in A. rostratus, probably due to a partial

inhibition of the enzyme upon the burden of those parasites.

7) The LDH activity increased with the abundance of Paracyclocotyla cherbonnieri and
Tetraphyllidea fam. gen. sp., probably as consequence of an increase of the energy

demand on the host due to the stress caused by parasitism.
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8) Mediterranean  Coelorinchus caelorhincus, Coelorinchus  mediterraneus,
Coryphaenoides guentheri and Coryphaenoides mediterraneus parasite communities
are fairly homogenous and poor in species compared to the ones of the few macrourid

species studied in the Atlantic.

9) Coelorinchus caelorhincus had the most distinct parasite community. Being found at
shallower depths, only three parasite species were encountered. Two of them,
Bathycreadium brayi and Cucullanidae gen. sp. larvae, were exclusively found in this

fish species.

10) Coelorinchus mediterraneus exhibited the highest number of parasite species
(eight), C. guentheri and Cor. mediterraneus had less parasite richness. The digenean
Lepidapedon desclersae and the nematode Capillostrongyloides morae were
exclusively found in Coe. Mediterraneus, Otodistomum sp. in C. guentheri and Gnathia

sp. in Cor. mediterraneus.

11) The parasite communities of C. guentheri and Cor. mediterraneus were dominated
by juvenile and larval stages and especially homogenous probably due to the
phylogenetic proximity of two hosts. Subtle differences found may be explained by the

diet of C. guentheri, more specialized in benthic prey than that of Cor. mediterraneus.

12) Cucullanidae gen. sp. was the most abundant parasite of C. caelorinchus. The diet
analysis related this nematode to the consumption of polychaetes, which are known to

act as first intermediate hosts of some cucullanids.

13) Lepidapedon desclersae was the most abundant and prevalent parasite of Coe.
mediterraneus. Its abundance was generally higher in the mainland slope, where the
higher complexity of trophic webs respect the insular slope might promote the

completion of complex life-cycles of digeneans.

14) Hamaticolax resupinus was reported from all four macrourids of the present thesis.
Probably due to the high abundance of most of its hosts and their overlapping
distributions in depth, this copepod can encounter enough hosts to complete its life
cycle. This copepod was related to increasing levels of salinity in deep waters; an

environmental factor which probably affects its naupliar stages.

15) Hysterothylacium aduncum was the most abundant and prevalent parasite in all
macrourids, excluding C. caelorhincus which does not harbour it. As with A. rostratus,
H. aduncum abundance tended to increase with depth and it is probably a key

component of the parasite communities of the deep Mediterranean.
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Conclusions

16) The activity of AChE decreased when the abundance of Cucullanidae gen. sp.
increased, probably inhibited due to parasitism. However, the cucullanid larvae of A.
rostratus originated the opposite response on the same enzyme and highlight the still

poor knowledge about the relation between these variables.

17) Coelorinchus mediterraneus, C. guentheri and Cor. mediterraneus presented low
prevalence of epitheliocystis, although in the middle slope it could reach high values.
Temperature may be a limiting factor on the distribution of the chlamydiales that cause
this pathology. Considering the high abundance of potential hosts in the lower slope

(three different species), warm waters might limit the access of these bacteria.

18) No clear relationships between parasitism and most histological alterations could
be found in the analysed macrourids. The low abundance of most of the encountered
parasites could have restricted the burden on the host. The number and area occupied
by macrophagic centres in liver and spleen could be related to Tetraphyllidea fam. gen.

sp. in Cor. mediterraneus highlight a possible harmful effect.

19) Hamaticolax resupinus n. sp. is described for the first time from Coe.
mediterraneus and Cor. mediterraneus. It is the second Hamaticolax species that
parasitizes a macrourid species and it is the deepest bomolochid encountered
worldwide. Hamaticolax resupinus is smaller than its closely related species
Hamaticolax maleus, females have wider genital double-somite markedly wider than

free abdominal somites and with convex lateral margins.

20) Characteristics that differentiates Hamaticolax resupinus n. sp. from the rest of the
species of the genus are: an urosome shorter than the prosome; two inner setae in the
second endopodal segment of legs 2 and 3; third exopodal segment of leg 2 with 9
elements (1V, 5); eight elements in the third exopodal segment of the legs 3 and 4; and

short inner setae on the first and second endopodal segments of leg4.

21) Raphidascaris (R.) macrouri n. sp. is described for the first time from the deep
Mediterranean macrourids Nezumia aequalis and Trachyrincus scabrus. This species
differentiates from the rest of the subgenus by having high number of caudal papillae

and short spicules.

22) High variability in the number and distribution of precloacal papillae is encountered
in R. macrouri n. sp., which is not recorded in such extend in any other species of the
genera. Molecular analyses on the ITS1-5.8S-ITS2 region confirm the species

uniformity despite the variability in the papillae.
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