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Abstract

A new genus and specidieobrychiopontius galeronagen. nov. sp. nov. is described based on female specimens from
the Pacific nodule province associated with the abyssal holotHDnaimophantecfr. setigera(Ludwig, 1894) (Elasipo-

dida, Deimatidae). The holothurian and copepods were collected at a depth of d@i8g the cruise “Nodinaut” (Ifre-

mer, 17 May — 28 June 2004) on R¥alanteusing a spade corer operated from the submers#duéle The new genus

has retained a greater number of plesiomorphic characters, when compared to its closest relative the monotypic genus
BrychiopontiusHumes, 1974 from the abyssal zondta North Atlantic: proximal 3 segments of antennule articulates
(fused inBrychiopontiu$, well developed mandibular palp and inner lobe of maxilla (both absBng¢hiopontiu¥. On

the other hand the new genus has only 2 outer spines on the third exopodal segment of leg 1 (inst8agobii Goion-

tius). Two plesiomorphic characters hitherto unknown for the order Siphonostomatoida are present in the new genus viz.
the inner lobe of the first segment of the maxilla is armed with 2 setae and the first segment of the mandibular palp is
armed with 1 setaNeobrychiopontius galeronagen. et sp. nov. is the second species of Siphonostomatoida found in
association with abyssal holothurians (both belonging to the g@neisophantd and represents the first record of the
family Brychiopontiidae in the Pacific Ocean.

Key words: Neobrychiopontiugen. nov., deep-sea, polymetallic nodules, invertebrate symbiosis, phylogenetic system-
atics

Introduction

A great number of copepods of the order Siphonostomatoida representing 11 families, as well as many cyclo-
poid and harpacticoid copepods, live in association with echinoderms (Humes 1980, Huys 1988, Boxshall &
Ohtsuka 2001, Ivanenko, Ferrari & Smurov 2001). However, only four families have been found associated
with holothurians so far. One species each belongs to the speciose families Asterocheridae Giesbrecht, 1899
and Artotrogidae Brady, 1880 and are associated with shallow water holothurians in the Mediterranean Sea
(Giesbrecht 1899, Humes 1980). Copepods of the derived family Nanaspididae Humes & Cressey, 1959
appear to be restricted to holothurians. The family Brychiopontiidae Humes, 1974 was represented so far by a
single specieBrychiopontius falcatusHumes, 1974 recovered from washings of the abyssal holothurian
Oneirophanta mutabili§heel (Elasipodida, Deimatidae) collected in the eastern North Atlantic at a depth of
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4426-4435 m (Hansen, 1975). Most siphonostomadoids from abyssal sites are recorded from deep-sea hydro-
thermal vents or from deep-sea plankton (Heptner 1968, Humes 1987, lvanenko & Defaye 2006). The present
paper describes a new genus and spé&bd@brychiopontiugien. nov., sp. nov. from the Pacific nodule prov-

ince found associated with the holothur@neirophantecf. setigera(Ludwig 1894, Veillette et al. 2007).

Material and Methods

A holothurian was collected together with sediment using a spade corer (Fig. 1) operated from the submers-
ible Nautile during the cruise “Nodinaut” on board of the French IR&talante (Dive number PL1595/03,

gear: CL 05, from 26/05/2004 at 4978 m depth, coordinates: 14°02.37'17N; 130°06.93'62W ). On board the
holothurian was removed from the sample, photographed (Fig. 2) and fixed for further studies. The sediment
together with the supernatant water was fixed in formalin at a final concentration of 4% for infaunal studies.
In the laboratory, all organism were sorted from the sediment. The copepods were transferred to glycerin and
dissected under a Leica MZ12 microscope. All specimens or appendages were studied with a Leica DMR
compound microscope with bright-field and differential interference optics. Drawings were made with the aid
of a drawing tube mounted on the compound microscope. For long-term preservation, the dissected copepods
were mounted on slides in glycerol and sealed with paraffin.

FIGURE 1. In situ photograph of the sample taken for this study showing the spade corer with a specimen of the
holothurianOneirophantecfr. setigeraDepth 4978 m. Copyright Ifremer.
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FIGURE 2. Oneirophantacfr. setigerathe host oNeobrychiopontius galeronagen. et sp. nov. Copyright Ifremer.

Description

Class Copepoda

Order Siphonostomatoida Burmeister, 1835
Family Brychiopontiidae Humes, 1974

Neobrychiopontiuggen. nov.

Diagnosis—Female. Prosome 4-segmented, with rounded epimeral areas; urosome 5-segmented, consisting
of leg 5 bearing somite, genital double-somite, 2 abdominal somites and telson; telson 2 times longer than sec-
ond abdominal somite. Rostral area projecting ventrally. Oral cone with distal disk formed by labrum and
labium. Furca with 7 setae, 12 times longer than wide. Antennule 21-segmented with aesthetasc on segment
18. Antenna and maxilliped with elongate, blunt-pointed, toothed terminally terminal seta. Mandible with 2-
segmented palp, each segment armed with 1 seta. First segment of maxilla with inner lobe bearing 2 setae (1
small) near joint with second claw-like segment. Legs 1 to 4 with 3-segmented rami, formula of armature as
for the type species. Leg 5 1-segmented, on ventro-lateral side, with 4 setae. Leg 6 represented by 2 setae.
Male unknown.

Etymology—The genus name is a combination of the Greek word “neo” (= new) and the name of the type
genus.

Type and only speciesNeobrychiopontius galeronasp. nov.

Distribution—Only known from the type locality in the Northeast Pacific nodule Province.

Neobrychiopontius galeronasp. nov.

Type material —Holotype (SMF 31444) dissected and mounted on 14 slides and 2 paratype females (SMF
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31445) preserved in ethanol, locality as below. The type material is deposited in the collection of the Sencken-
berg Museum, Frankfurt (SMF), Germany.

Type locality—The nodule province in the northeast Pacific Ocean, 14°02.37N; 130°06.93W, depth 4978
m, date 26/5/2004.

Etymology—The species is dedicated to the chief scientist of the cruiseGaddieon(Ifremer, France)
in recognition of her scientific achievements.

Description—Adult female (Fig. 3 A). Total length excluding furca 1.4 mm, greatest width 0.74 mm.
Prosome 4-segmented, flattened, narrowing anteriorly; epimeral areas of shield and tergites rounded. Uro-
some (Fig. 3 B) 5-segmented, consisting of somite bearing leg 5, genital double-somite and 2 abdominal
somites plus telson. Genital double-somite slightly wider than long; lateral expansions in the anterior part;
gonopores located in a dorsolaterally covered by leg 6 bearing 2 small setae (Fig. 3 C). Telson 2 times longer
than second abdominal somite; anus located dorsally.

Rostrum (Fig. 3 E) weakly developed, slightly projecting ventrally.

Oral cone (Fig. 3 E, F) short and robust, with distal disk formed by labrum and labium and ornamented
with setules.

Egg sacs not observed.

Furca (Fig. 3 B, D) elongate, longer than 2 free abdominal somites and telson together, about 12 times
longer than wide, ornamented with rows of spinules, and bearing 7 setae of different lengths (2 setae lost in
holotype), one seta is small (see Fig. 3 B).

Antennule (Fig. 4 A-D) 21-segmented, with setal formula beginning with proximal segment 1, 2, 2, 2, 2,
2,2,2,8,2,2,2,2,2,2, 2, 2, 2+aesthetasc, 2, 4, 6.

Antenna (Fig. 4 E, F; 5 A, B): small coxa without ornamentation and setation, elongate basis with spinules
on outer margin. Exopod 1-segmented, with 3 smooth setae. Endopod 2-segmented; segment 1 elongate, with
spinules along outer and inner margins; segment 2 short, ornamented with setules, armed with 4 setae, 1 seta
long and thick, blunt-pointed and toothed terminally.

Mandible (Fig. 5 C): gnathobase long and slender, toothed terminally; palp 2-segmented, each segment
with one seta.

Maxillule (Fig. 5 D) bilobed, ornamented with spinules; smaller outer lobe bearing 4 setae, three terminal
and one sub-terminal; inner lobe with five terminal setae.

Maxilla (Fig. 5 E, F) 2-segmented: segment 1 wide; segment 2 elongate, with claw-like distal part; inner
lob of the first segment armed with 2 setae (1 small).

Maxilliped (Fig. 6 A) syncoxa with 1 long inner seta; basis with inner seta along inner margin of the seg-
ment. Endopod 3-segmented: segment 1 with 2 short posterior setae; segment 2 with 2 longer posterior setae;
segment 3 bearing 2 terminal setae, 1 seta long and thick, blunt-pointed and toothed terminally.

Legs 1-4 biramous (Figs. 6 B; 7 A, B; 8 A) with 3-segmented rami ornamented by spinules and scales, as
illustrated. Formula for the armature of legs 1-4 in Table 1. Leg 1: first segment of exopod with falcate, strong
outer spine curved inward; third exopodal segment with 2 outer spines.

TABLE 1. Formula of the armature of swimming legs 1-4, holotype femaleobrychiopontiugaleronaegen. nov.,
sp. nov. Roman numerals indicate spines, Arabic numerals indicate setae.

Coxa Basis Exopod Endopod
Legl 0-1 1-1 I-1;1-1;11,4 0-1;0-2;1,2,3
Leg 2 0-1 1-0 [-1;1-1;11,1,4 0-1;0-2;1,2,3
Leg 3 0-1 1-0 [-1;1-1;11,1,4 0-1,0-2;1,1,3
Leg 4 0-1 1-0 [-1;1-1;11,1,4 0-1,0-2;1,1,2
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FIGURE 3. Neobrychiopontiugaleronaegen. nov., sp. nov., holotype female. A, habitus, dorsal; B, urosome, ventral,
arrow to small seta; C, left leg 6 and area with gonopores, genital double-somite, dorsal, arrow to small seta; D, distal
part of furca bearing 6 setae, arrow to location of missing setae; E, rostral area and oral cone, ventral. F, distal part of or

cone formed by labrum and labium, ventral.
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FIGURE 4. Neobrychiopontiugaleronaegen. nov., sp. nov., holotype female. A, antennule, segments 1 to 14; B, anten-
nule, segments 15 to 21; C, antennule, segmentd B D, antennule, segments 20 to 21; E, antenna; F, antenna, termi-
nal element and distal part of second endopodal segment. Arrows to location of missing setae.
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FIGURE 5. Neobrychiopontiugaleronaggen. nov., sp. nov., holotype female. A, exopod of antenna; B, second segment
of antennal endopod, arrows to small setae; C, mandible, arrow to second segment of palp; D, maxillule; E, maxilla,
arrow to small seta; F, distal part of second segment of maxilla.

Leg 5 (Figs. 8 B): latero-ventral, 1-segmented, ornamented with spinules and armed with 4 setae.
Leg 6 (Fig. 3 C) represented by genital flap bearing 2 setae.

Colour unknown.

Male unknown.
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FIGURE 6. Neobrychiopontiugaleronaegen. nov., sp. nov., holotype female. A, maxilliped, anterior; B, leg 1, poste-
rior.

Discussion

Brychiopontiidae displays a number of primitive characters within Siphonostomatoida such as the urosome of
females being 5-segmented, the presence of 3 additional distal segments after the distal aesthetasc of the
antennule in female (“mark A” in Ivanenko, 1999), and the presence of a mandibular palp. Representatives of
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10 genera of polyphyletic family Asterocheridae Giesbrecht, 1899 ByithocheredHumes, 1988Chera-
momyzorHumes, 1989CollocheresCanu, 1893CollocheridesStock, 1971 DermatomyzorClaus, 1889;
Gerulusosacculusvanenko & Defaye, 2004GlyptocheresHumes, 1987aQphiurocheresHumes, 1998;
Rhynchomyzofsiesbrecht, 1895 share some or all of these plesiomorphic characters.
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FIGURE 7. Neobrychiopontiugaleronaegen. nov., sp. hov., holotype female. A, leg 2, anterior; B, leg 3, anterior.
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FIGURE 8. Neobrychiopontiugaleronaegen. nov., sp. nov., holotype female. A, leg 4, anterior;B, leg 5.

The presumably apomorphic characters of the family Brychiopontiidae are (1) the falcate, strong
inwardly-curved outer spine on the first segment of the exopod of leg 1 (but a similar stout spine is shown for
2 species of asterocherids (see Stock, 1966) and (2 & 3) the blunt-pointed terminal element on the antenna and
maxilliped (but also shown for the derived siphonostomatoid family Calverocheridae Stock, 1968, Nanaspid-
idae and Stellicomitidae Humes & Cressey, 1958 associated with echinoderms). Appearance of the modified
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spine on leg 1 in different groups of genera can be explained by convergence, while presence of the blunt-
pointed terminal element on the antenna and maxilliped in different siphonostomatoid families requires addi-
tional investigation. All these indicate that a revision of characters and phylogenetic analysis of Astero-
cheridae and related families including Brychiopontiidae, as well as Scottomyzontidae and
Coralliomyzontidae Humes & Stock, 1991 is urgently needed. Meanwhile, the proposed synonymization of
Scottomyzontidae and Coralliomyzontidae with Asterocheridae by Boxshall & Halsey (2004) is not based on
a phylogenetic analysis and is therefore not adopted here. The BghasheresHumes, 1988 was tenta-

tively placed in Asterocheridae by Boxshall & Halsey (2004), but remains in our view a genus with uncertain
phylogenetic and unresolved family position.

Neobrychiopontiugen. nov. is the second genus of siphonostomatoid copepods found in association with
abyssal holothurians and the first record of the family Brychiopontiidae in the Pacific Ocean. The new genus
can be easily distinguished froBrychiopontiusby the presence of only 2 (instead of 3) outer spines on the
third exopodal segment of leg 1. Besides thispbrychiopontiushas retained a number of plesiomorphic
characters when compared with its closest relative (character states prdé&sehiopontiusin brackets),
viz. i.) 3 well-articulated proximal segments on female antennule (proximal 3 segments fused to form a long
compound segment), ii.) mandibular palp present, 2-segmented (absent), and iii.) inner conical lobe of the
first segment of maxilla present (absent). In addibi@obrychiopontiugiffers from the type genwBrychi-
opontiusin the following characters: i.) anterior part of prosome is narrow (wide), ii.) rostral area slightly pro-
jecting ventrally (slightly projecting anteriorly), iii.) epimeral areas of prosome are rounded ( pointed
posteriorly), iv.) anal opening located near the middle of the telson (near the posterior margin), v.) furca 12
times longer than wide (6.4 times), with 7 setae (6), ornamented with spinules (not ornamented), longer than
posterior 2 free abdominal somites and telson together (shorter), vi.) oral cone with distal disk ornamented
with setules (lacking distal disk and ornamentation of the oral cone), vii.) antenna and maxilliped with termi-
nal endopodal element elongate, toothed terminally (the element is short and stout, with lamelliform distal
part, toothless), viii.) maxilla first segment with an inner conical expansion (without expansion), ix.) maxil-
liped with 2 setae on the second endopodal segment (no setae), x.) leg 5 without inner process (with inner con-
ical process), and xi.) leg 6 with 2 setae (1 seta).

Two important primitive characters found Meobrychiopontiusire unique for the order Siphonostoma-
toida. Until now the inner lobe of the first segment of the maxilla was represented by a single seta in Diriv-
ultidae Humes and Daojiri, 1980 and Ecbathyriontidae Humes, 1987b. The new genus displays a lobe with 2
setae. The second character refers to the first segment of the mandibular palp which is armed with 1 seta,
while it is unarmed in all other known members of the order. The diagnosis of the order has to be amended
accordingly.

Ecology

Specimens were recovered from deep-sea sediments of a sample which had previously contained a specimen
of the holothuriarOneirophantecfr. setigera.We conclude that the specimens in question detached from the
holothurian host during sample manipulation on board. Boylchiopontius falcatuandNeobrychiopontius
galeronae gen. et sp. nov. were found associated with deep-sea holothurians belonging to the genus
Oneirophanta.The diversity of siphonostomatoid copepods associated with other abyssal holothurians
remains largely unexplored so far. Only the cyclopoid copé&pmaphopodarion byssoicurlumes, 1974,
presumably an endoparasite, was found associated with the holot@m&irophanta mutabilisTheel

together with the siphonostomatoBrychiopontius falcatudt is likely that most macroinvertebrates present

in the abyssal plains will host a variety of associated and parasitic copepods. Study of these animals should
provide important additional evidence about phylogenetic affinities and biogeographic distributions.
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