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Abstract :

Kinorhynch specimens were studied from abyssal sediment samples collected during seven cruises at
the Clarion-Clipperton Fracture Zone (Eastern Central Pacific), a vast area that will be mined for
polymetallic nodules in a near future. This study is the first in a series focused on kinorhynchs mainly
collected at the German zone following requirements of the International Seabed Authority (ISA), who
demands identification of fauna associated with nodules previous to the concession of the exploitation
license. A total of 18 species were found, of which three new Echinoderidae species are described herein.
Cephalorhyncha polunga sp. nov. is easily discriminated from its congeners by the presence of pointed
and prominent tergal extensions together with middorsal spines on segments 4-8, ventrolateral tubes on
segment 2, lateroventral tubes on segment 5, lateroventral spines on segments 6—9 and midlateral tubes
on segment 10; plus subdorsal type 2 glandular cell outlets on segment 2 and midlateral ones on segment
8. Echinoderes shenlong sp. nov. is characterized by middorsal spines on segments 4, 6, 8, lateroventral
tubes on segment 5 and lateroventral spines on segments 6-9; glandular cell outlets type 2 are not
present. Meristoderes taro sp. nov. is defined by the combination of long middorsal spines on segments
4-8, remarkably increasing in length on posterior segments; short laterodorsal tubes on segment 10,
ventrolateral tubes on segment 2 and lateroventral tubes on segment 5, plus lateroventral spines on
segments 6-9.
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1. Introduction

Polymetallic nodule areas of the seabed are ciyreémtthe spotlight due to their
potential commercial and strategic interest relatedhe presence of metals such as
nickel, copper, cobalt and rare earth elements, chvhmake up the black
spheroidal/discoidal bodies commonly referred asgaaese nodules (Halbach et al.,
1975; Halbach and Fellerer, 1980). The polymetailiclule fields occur in deep-sea
bottoms with low sedimentation rates, where nodlidesn the soft sediment increasing
the heterogeneity of the environment and hencéiddiversity compared to that of
typical abyssal areas (Amon et al., 2016; de Srhet.e2017; Janssen et al., 2015;
Kaiser et al., 2017; Ramirez-Llodra et al., 201it8 et al., 2008; Vanreusel et al.,
2016). The nodules harbour organisms inhabitingsdégiment of the nodule crevices,
or sessile communities dependent of hard subst(Aie®n et al., 2016; Thiel et al.,
1993; Vanreusel et al., 2016; Veillette et al., 20Even though it is expected that
nodules will be mined in the near future in orderface the growing demand of
valuable metals (Clark et al., 2013), the biologutigersity of the nodule fields is still
poorly known, even for the macrofauna realm (Amobale 2016; Glover et al., 2002;
Janssen et al., 2015; Paterson et al., 1998; Shith, 2008). Thus, the International
Seabed Authority (ISA) requires identification betassociated fauna with the nodule
areas before the concession of the exploitation, omer to assess accurate
environmental impact predictions and to establighimg regulations (ISA-LTC, 2013).
These tasks are crucial for biodiversity since ngnobperations may cause severe
disturbances in the environment, not only becaustéh® extraction of the nodules
themselves, which decreases heterogeneity andtlgiraifects fauna dependent on
nodules for habitat (biodiversity loss), but alscause it will impact the biota of the
soft sediments by compression of top layers angspEmnsion of particles (Vanreusel et
al., 2016).

Regarding the meiofauna diversity, most of the istdhave focused on the dominant
groups, such as Nematoda and Copepoda (Markhaseala, 017; Miljutin et al.,
2011; Singh et al., 2016), whereas the groups wfdbundance, the so-called “minor
phyla”, have been neglected so far. Kinorhynchage-iving marine ecdysozoan of
small size (0.1-1 mm) exclusively meiobenthic, ng® to this pool of “minor phyla”.

Despite kinorhynchs, or mud dragons, appear woddwirom the intertidal to the



deep-sea bottoms, most of the nearly 300 descepedies were recorded at relatively

shallow waters whilst the deep-sea kinorhynch faarmsill largely unexplored.

Our study is the first to focus on Kinorhyncha frtime polymetallic nodule fields of the

greatest commercial interest, the Clarion-Clippefoacture Zone (CCZ) (northeastern
equatorial Pacific Ocean), mainly at the GermaneFadinstitute for Geosciences and
Natural Resources (BGR) license area and nearlag.aféis manuscript is the first in a
series with the main aim of filing the knowledgapgof deep-sea “minor phyla”

diversity in general, and particularly of the kihgnch diversity at the CCZ. Moreover,
these studies will lead to assess how animals neawffected by seafloor mining

activities, and help in the selection of effectpreservation of areas.

2. Materialsand methods

Kinorhynch specimens were obtained from deep-seimsamt samples from the
German license area (German Federal Institute @as@ence and Natural Resources,
BGR) at the Clarion-Clipperton Fracture Zone (NEiff@ Ocean), collected during 7
cruises that lasted from 2010 to 2016: MANGAN 2@R2V Sonne), MANGAN 2014
(R/V Kilo Moana), MANGAN 2016 (R/V Kilo Moana), FLM (R/V Sonne),
JPIO/CCZ (R/V Sonne), JPIO/DISCOL (R/V Sonne), ABBLSNE Il (R/V Thomas G.
Thompson) (some samples collected during the exfesamples campaigns at nearby
areas belonging to other contractors and at the Basin were also studied). Samples
were collected at abyssal depths between 4090 @h@d B using a multicorer with
corers of 9.4 cm of inner diameter sampling a tstaface area of 69 ¢nby each core

(see Table 1 for detailed information of each sanpl

The upper 5 cm of the soft sediment from each e@® fixed in 4% buffered formalin.
Samples were then washed in the laboratory at #mek&nberg Research Institute in
Wilhelmshaven, Germany, and meiofauna was extrafitad the sediment through
centrifugation with the colloidal silica polymer asil (Neuhaus and Blasche, 2006).
Subsequently, the extracted meiofauna was sortegato groups. Cores with nodules
were treated by carefully removing the nodules,clwiwere subsequently washed, and
sediment from the nodule surface and crevices whHscted. This sediment was fixed

in 4% buffered formalin, washed at the laboratang aneiofauna was sorted to main



groups. A total of 723 kinorhynchs from 272 coresravsorted and stored in 70%

ethanol.

Specimens for light microscopic (LM) observationrevelehydrated through a graded
series of glycerin and kept overnight in 100% ghyteThen the specimens were
mounted in Fluoromount-&Gon glass slides, examined and photographed with an
Olympus BX51 compound microscope with differentialerference contrast (DIC)
optics equipped with an Olympus DP70 camera. Spmwmwere measured with

cellSen§ software. Line art figures were made with Adolestirator CS6 software.

Additionally, specimens for scanning electron mscapy (SEM) were dehydrated
through a series of 80%, 90%, 95% and 100% ethamal, chemically dried using
Hexamethyldisilazane (HMDS) through HMDS-ethanoliese Finally, they were
mounted on a SEM stub, sputter coated with gold, examined with a JEOL JSM-
6335F field mission scanning electron microscopehat ICTS Centro Nacional de

Microscopia Electronica (Complutense Universityadrid, Spain).

The type and additional material of the new spesedeposited at the Museum fir

Naturkunde (MfN), Humboldt-Universitat zu Berline@nany.

3. Results

Taxonomic account

Class Cyclorhagida (Zelinka, 18%gnsuSgrensen et al., 2015

Order Echinorhagata Sgrensen et al., 2015

Family Echinoderidae Zelinka, 1894

GenusCephalorhynchadrianov, 1999 in Adrianov and Malakhov (1999)

3.1. Cephalorhyncha polunga sp. nov.

(Figs. 2-4)
ZooBank Isid: urn: Isid:zoobank.org:act:104DD93CEZH 366-9A52-
7DFAECBDEZ2EA

3.1.1. Examined material



Holotype, adult male, collected on June 8, 2016n+Ftruise, station MUC #109, North
Pacific: 11°48.791' N, 116°31.76' W, at 4327 m Hejot soft sediment; mounted in
Fluoromount &, deposited at MfN under accession number: ZMB XXXX9
paratypes, 5 adult females and 4 adult malesf #éiflean collected at other stations than
holotype (see Table 1), mounted in Fluoromoufita@d stored at MfN under accession
numbers: ZMBXXXXX-XXXXX. One specimen mounted foEB! and 13 additional

specimens mounted for LM are deposited at the Milddditional material.
3.1.2. Diagnosis

Cephalorhynchawith middorsal spines on segments 4-8, increasimgength on
posterior segments; ventrolateral tubes and subdgtandular cell outlets type 2 on
segment 2; lateroventral tubes on segment 5 aatblantral spines on segments 6-9;
midlateral type 2 glandular cell outlets on segnt&nmidlateral tubes on segment 10.

Prominent tergal extensions, distally pointed.

3.1.3. Etymology

The species name refers to Polunga, the most polastdl biggest dragon of the manga
and anime “Dragon Ball’ by Akira Toriyama. Polunga a wish granting dragon

summoned when all seven spherical magic balls,hnEaRragon Balls, are gathered
together and symbolizes the relationship betweed dragons and nodules reported

herein.

3.1.4. Description

All dimensions and measurements are summarizedatnieT2, and distribution of

cuticular structures in Table 3.

Head and neckMouth cone with 9 outer oral styles alternatingsine between
slightly longer and shorter ones, and consistingwaf jointed subunits. Introvert with
several rings of cuticular spinoscalids whose exarhber, arrangement and detailed
morphology could not be determined with LM. One iiddal ring of trichoscalids
present, composed of six long trichoscalids attadioesmall trichoscalid plates. The

neck consists of 16 trapezoidal placids, with wibdases, distinctly articulating with



segment 1 (Fig. 3A-B). Midventral placid broadearththe remaining ones (ca. it
wide at base), while the remaining ones are oflamsize (ca. 9um wide at base) (Fig.
3C). Placids separated by cuticular folds at tistatiend.

Trunk.11 segments, with segment 1 formed by a closeduati ring, segment
2 by one tergal and one sternal plate, partialydeid midventrally, and remaining ones
by one tergal and two sternal cuticular platesgF&A-B, 3A-B and 4A-B). Midsternal
junctions well-developed on segments 3 to 11, argbsternal junctions on segments 2
to 11. Sternal plates reach their maximum widtlsegment 7, progressively tapering
towards the last trunk segments. General outlingheftrunk slender. Cuticular hairs
long, filiform, bracteate (Fig. 4F) and arrangedhree main wavy transverse rows until
almost half of the sternal plates, with the haifstree anterior row surpassing the
insertion of the following one, and with those betlast row reaching the pectinate
fringe area (Fig. 4D-E). Sensory spots composed sihgle pore surrounded by few,
short micropapillae (Fig. 4D) that can be flankgdwo non-bracteate cuticular hairs on
segment 1. Posterior segment margin straight, stgppwwell-developed primary

pectinate fringes with elongated, strongly serrdited flap (Figs. 3C, H, J and 4G).

Segment 1 as a closed cuticular ring (Fig. 3@kitey spines or tubes. Cuticular
hairs on this segment are equally distributed alivegplate, less abundant than on the
following ones. Pectinate fringe less developeadh tba following segments (Fig. 3C).
An unpaired type 1 glandular cell outlet presenminldorsal position, and paired ones
in lateroventral and ventrolateral positions; pairgensory spots in subdorsal and
laterodorsal positions (Figs. 2A, B and 3C).

Segment 2 with one tergal and one sternal plagena plate partially divided
into two ventral plates by midsternal incompletgyracuticular fissure (Figs. 2A and
3C-D). A single middorsal type 1 glandular cell letitand sensory spot (Fig. 4D),
paired type 2 glandular cell outlets in subdorsekifion (Fig. 3E), one pair of
laterodorsal and midlateral sensory spots (Fig.@E,Paired long, thick tubes located
in ventrolateral position (Fig. 3C), and ventronadair of sensory spots and type 1
glandular cell outlets present (Fig. 3C). Cuticulairs mostly absent at the area next to

the midventral line.

Segment 3 with unpaired middorsal type 1 glandcédiroutlet, paired subdorsal
sensory spots (Figs. 3G and 4D) and ventromedi& 1yglandular cell outlet (Fig. 3C).



Cuticular hairs ventrally arranged in patches ciogpthe lateral half of the plates (Fig.
30).

Segment 4 with a middorsal acicular spine excegthe posterior edge of the
segment, reaching half of the following dorsal @lgFig. 3A, G). Paired type 1
glandular cell outlets in paradorsal and ventromleplositions (Fig. 2A-B). Pattern of
cuticular hairs at the dorsal side with hairlessgitudinal bands in middorsal and

laterodorsal positions. Ventral cuticular hairsaaged as in the preceding segment.

Segment 5 similar to segment 4 but with longerdardal acicular spine (Figs.
3A, H and 4C), plus one pair of laterodorsal sepsmots (Fig. 3G) and lateroventral
tubes (Fig. 2A). Otherwise similar to precedingreeqt.

Segment 6 with a middorsal acicular spine longantthat of the preceding
segment, exceeding the posterior margin of thevotlg segment (Figs. 3A, H and 4A,
C, G). Paired paradorsal type 1 glandular cellatsitht the anterior dorsal margin (Fig.
2B). One pair of sensory spots in paradorsal posifilanking the middorsal spine and
located posterior to its base (Figs. 3H, 4G). Oaie @f small midlateral sensory spots
(Fig. 2B), lateroventral acicular spines that relhali of the following segment (Fig. 3E,
J) and ventromedial type 1 glandular cell outlédherwise similar to preceding

segment.

Segment 7 with cuticular structures on tergal sietnal plates similar to those
of segment 6 but with a longer middorsal spine higwr segment 9 (Figs. 3A, H and
4A, C, F-G), without midlateral sensory spots anithvpaired and sensory spots in
ventromedial position (Fig. 3J).

Segment 8 with cuticular structures on tergal aednal plates similar to those
of segment 6 but with much longer spines (Figs. BA,and 4A, C, F), and with paired
type 2 glandular cell outlets in midlateral posttig~igs. 3E, | and 4F, 1) instead of
sensory spots. The middorsal spine surpasses thterjpp margin of the last trunk
segment (Figs. 3A and 4A), and the lateroventrasoreach at least the posterior

margin of segment 9 (Fig. 3B, J).

Segment 9 without middorsal spine (Fig. 3H-1) amith pairs of long
lateroventral acicular spines reach the terminahkrsegment (Fig. 3B). Pairs of

paradorsal type 1 glandular cell outlets and senspots, plus paired sensory spots in



subdorsal, laterodorsal (Figs. 3H-1 and 4F) andtredatteral positions (Fig. 3K), and

paired ventromedial type 1 glandular cell outl®®aradorsal and subdorsal sensory
spots located near the middle of the plate, andateeodorsal pair appears posteriorly
located, closer to the pectinate fringe (Fig. 3HNgphridiopore as a small sieve plate
present in sublateral position (Fig. 3K). Middoraall laterodorsal hairless areas along

the whole longitudinal line of the plate. Otherwssmilar to preceding segment.

Segment 10 with two unpaired, longitudinally akgn middorsal type 1
glandular cell outlets, plus one pair of paradossgisory spots, long midlateral tubes in
both sexes (Fig. 3F, I), ventrolateral sensory spmid ventromedial type 1 glandular
cell outlets (Fig. 2A). Posterior ventral segmenargin deeply curved, extending

posteriorly in the ventromedial area (Fig. 3F). @thise similar to preceding segment.

Segment 11 with long lateral terminal spines anstatly pointed tergal
extensions (Figs. 3F and 4H). Tergal plate with paie of subdorsal sensory spots (Fig.
3l) and a middorsal protuberance protruding frora thtersegmental joint between
segments 10 and 11 (Figs. 2B, D, 3l and 4H). Skeptates with one pair of
ventrolateral sensory spots. Cuticular hairs Idasndant at both dorsal and ventral
sides. Females with one pair of thick and longrédteerminal accessory spines (Figs.
3F and 4H), about one third of length of lateraii@al spines. Males with three pairs
of penile spines; ventral and dorsal penile spiiiésrm, midlateral penile spine shorter

and coarser.

Associated kinorhynch fauna. Fissuroderes higgiNguhaus and Blasche, 2006;
Campyloderes vanhoffeni Zelinka, 1913 Semnoderes pacificudiggins, 1967
Echinoderes shenlongp. nov., Meristoderestaro sp. nov., Echinoderessp. 1,

Echinoderesp. 2 andchinoderesp. 4.

3.1.5. Remarks

The presence of elongated middorsal spines on sggmeto 8, increasing in length
towards the posterior segments is shared with oib&r species o€ephalorhyncha
Cephalorhyncha asiatica(Adrianov, 1989), Cephalorhyncha flosculosaYildiz,
Sgrensen and Karagu 2016, Cephalorhyncha liticola Sgrensen, 2008, and
Cephalorhyncha nybakkeftiiggins, 1986), (Adrianov, 1989; Higgins, 1986;r&wsen,



2008; Yildiz et al., 2016). Only a newly describsplecies ofCephalorhyncha(see
Cepeda et al., this issue) differs from this pattdrearing middorsal spines only on
segments 4, 6 and 8 plus sublateral spines on sggine

However, three congener€, asiatica C. liticola, andC. flosculosa with middorsal
spines on segments 4 to 8 have lateral accesdoeg tur spines on segment 8 whereas
the new species lacks any cuticular appendageténalaaccessory position. Likewise,
none of these species have type 2 glandular céikteuwhich are present and easily
detectable subdorsally on segment 2 and midlayeoallsegment 8 i€ephalorhyncha

polungasp. nov.

The singleCephalorhynchapecies described so far lacking tubes/spineghlateral or
lateral accessory positions @& nybakkeniHiggins, 1986). This species furthermore
differs from C. polungasp. nov.by having shorter tergal extensions, shorter misior
spines on segments 6-7, no glandular cell outigis 2, plus short and robust lateral

terminal accessory spines in females (Higgins, 1986

3.2. GenusEchinodereLlaparede, 1863
Echinoderes shenlong sp. nov.
(Figs. 5-7)

ZooBank Isid: urn: Isid:zoobank.org:act:41A5B46GB8UF60-827C-36FO06959EDCS.

3.2.1 Examined material

Holotype, adult female, collected on May 18, 20E&m cruise, station MUC #37,
North Pacific: 12°54.131' N, 118°24.782' W at 434 @epth in soft sediment; mounted
in Fluoromount &, deposited at MfN under accession number: ZMB XXX4
paratypes, 3 adult females and 1 adult male (sééeTh for further information on
stations), mounted in Fluoromount®Gand deposited at the MfN under accession
numbers: ZMB XXXXX-XXXXX. One additional female spienen mounted for SEM,

deposited at the MfN as additional material.

3.2.2 Diagnosis
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Echinodereswith middorsal spines on segments 4, 6, 8, incngasn length on
posterior segments; lateroventral tubes on segrbemind lateroventral spines on
segments 6-9. Glandular cell outlets type 2 absSesrgal extensions, broadly rounded

and spatulate.

3.2.3. Etymology

The species name refers to Shenlong, one of thgodsaof the manga and anime
“Dragon Ball” by Akira Toriyama, also known as tlgernal Dragon in the Ocean.
Shenlong is a wish granting dragon summoned whieseaken spherical magic balls,

Earth's Dragon Balls, are gathered together.

3.2.4. Description

All dimensions and measurements are summarizedatnieT4, and distribution of

cuticular structures in Table 5.

Head and neckArrangement and detailed morphology of the headdcoat be
determined as none of the studied specimens wéabkufor introvert examinations.
The neck consists of 16 trapezoidal placids, withewbases (Figs. 6A-B, F and 7A-B).
All placids of similar size and shape (cau®h wide at base), except for the broader
midventral one (ca. 1Am wide at base). Placids distally separated bycuolati folds.

Six trichoscalid plates attached to the placids.

Trunk. 11 segments, with segments 1 and 2 formed by &dalosticular ring,
and remaining ones by one tergal and two sternauwar plates (Figs. 5A-B, 6A-B,
7A-B). Midsternal and tergosternal junctions wedlvdloped. Tergal anterior plates
slightly bulging middorsally, while posterior onage more flattened, giving the animal
a tapering outline in lateral view, and a charasterslender shape. Sternal plates reach
their maximum width at segment 6, progressivelyetaqy towards the posterior trunk
segments. Cuticular hairs long, filiform, bracteaieundant, arranged in a kind of three
wavy transverse rows (Fig. 7E) along the tergatepknd covering two-thirds of the
sternal plates. Hairs of each row surpassing teeriion of the hairs of the following
row, and with hairs of the posterior row surpassing end of the pectinate fringe.

Sensory spots composed of a single pore surroungegtry few, short micropapillae

11



(Fig. 7D). Posterior segment margin straight, simgwwell-developed pectinate fringes
with elongated, strongly serrated fringe tip (HD).

Segment 1 as a closed cuticular ring (Figs. 588 and 7A-B), without spines
and tubes. An unpaired type 1 glandular cell oygtesent in middorsal position (Fig.
6F); and paired sensory spots in subdorsal ancbtidesal positions (Fig. 6F). Sensory
spots on this segment are bigger than those akthaining segments and flanked by a
pair of long, filiform hairs. Ventrally, with onegpr of lateroventral type 1 glandular cell
outlets (Fig. 5A). Cuticular hairs on this segmso#arce, mostly absent at the ventral

side, and located near the sensory spots.

Segment 2 as a closed cuticular ring (Figs. 6A @)Y without spines or tubes.
A single middorsal type 1 glandular cell outletsdgaired sensory spots in subdorsal
and laterodorsal (Fig. 6F) and ventromedial pos#tjoplus one pair of ventromedial
type 1 glandular cell outlets (Fig. 5A). Cuticulzairs uniformly distributed along the
plate until reaching the position of the ventrona¢édensory pots, absent from that point
to the midventral line (Fig. 6C. F-G).

Segment 3 with unpaired middorsal type 1 glandcédiroutlet, paired subdorsal
sensory spots (Fig. 6F) and ventromedial type hdylkar cell outlet. Cuticular hairs
dorsally arranged similarly to that of segment 2hva hairless midlateral area along the
whole longitudinal line of the plate (Fig. 6F); wally with long hairs until half of the
width of the plates, followed by a hairless ared arpatch of short hairs closer to the

midventral line (similar to Figs. 6C and 7G).

Segment 4 with a middorsal acicular spine almeathing the posterior edge of
segment 6 (Figs. 6F and 7C). Paired type 1 glandidlh outlets in paradorsal and
ventromedial positions (Fig. 5A-B). Pattern of cutar hairs similar to preceding

segment.

Segment 5 without spines or sensory pots (Figsar@F7C). Lateroventral pair
of tubes and a ventromedial pair of type 1 glanda&l outlets (Fig. 5A). Pattern of

cuticular hair similar to preceding segment.

Segment 6 with a middorsal acicular spine reachireg posterior margin of
segment 8 (Fig. 6D), plus a pair of lateroventi@taar spines reaching the posterior

margin of segment 7 (Fig. 6C); paired paradors&.(FC), midlateral (Fig. 7D) and

12



ventromedial sensory spots (Figs. 6C and 7G). Basatl sensory spots located
posterior to the insertion of the middorsal spikeg.(7C). Paired type 1 glandular cell
outlets in paradorsal and ventromedial positiong.(5A-B). Pattern of cuticular hairs

similar to preceding segment (Fig. 7G).

Segment 7 without middorsal spines (Fig. 6D). $air lateroventral acicular
spines (Figs. 6C and 7D) and ventromedial type ahdjlar cell outlets. Pattern of

cuticular hairs similar to preceding segment.

Segment 8 with tergal and sternal plates similahtse of segment 6 but with
much longer spines (Figs. 6B, D and 7D) and withseey spots only in paradorsal
position (Fig. 5B). The middorsal spine surpaskesposterior margin of the last trunk
segment (Fig. 6B), and the lateroventral ones rélaelposterior end of segment 9 or
even extending over the anterior half of segmen{Figs. 6G and 7A, D). Pattern of
cuticular hairs similar to that of preceding segtmleat with the midventral patch of

shorter hairs less developed.

Segment 9 without middorsal spine (Fig. 6D) andhwa pair of long
lateroventral acicular spines that reach the lastkt segment (Figs. 6G and 7A, D-F).
Paired paradorsal type 1 glandular cell outlets tea anterior margin (Fig. 5B). Pairs
of paradorsal, laterodorsal (Fig. 6E) and venteskdtsensory spots (Figs. 6G and 7F),
plus paired ventromedial type 1 glandular cell etstinear the anterior margin of the

segment. Nephridiopore as a small sieve plate préssublateral position (Fig. 7E).

Segment 10 with middorsal longitudinally aligngge 1 glandular cell outlets
(Fig. 6E), plus one pair of paradorsal (Fig. 6E) aantrolateral sensory spots (Figs. 6G
and 7F) and ventromedial type 1 glandular cellaisthear the anterior margin of the
segment. Posterior ventral segment margin curvedending posteriorly in the

ventromedial area (Figs. 6E and 7F). Cuticularshsaarce.

Segment 11 with long lateral terminal spines, aadspicuously rounded and
spatulate tergal extensions (Figs. 6A and 7F). fesnaith one pair of lateral terminal
accessory spines, about one fifth of length ofrédteerminal spines (Figs. 6A-B and
7A, F). Males with three pairs of penile spinesrttier details could not be

distinguished in the single male specimen).

Associated kinorhynch fauna. Cephalorhyncha polsmanov., andchinoderesp. 4.
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3.2.5.Remarks

The new species has a spine pattern that is venynom within the genus. The presence
of middorsal spines on segments 4, 6 and 8 plesoatntral spines on segments 6 to 9
is shared with 2Echinoderespecies. However, out of the&shinoderes shenlorgp.

nov. is the only species without tubes in any pmsibn segment 2. The species is
furthermore very easily recognized by its highlyadcteristic, broadly rounded and
spatulate tergal extensions. Such tergal extensaoasnot described from any other

species of Echinoderidae.

Regarding thé&chinoderediversity from bathyal depths, only 13 specieskarewn to
date: Echinoderes bathyali¥amasaki, Neuhaus and George, 2018 BoHinoderes
unispinosusyamasaki, Neuhaus and George, 2018 were describadlbcalities near
the Azores in the Northeast Atlantic (Yamasakilet2018a, b)Echinoderes drogoni
Grzelak and Sgrensen, 2017 in Grzelak and Sgrd@6d8) was discovered between
Svalbard and the North Pole (Grzelak and Sgrer&&t8, 2019)Echinoderes pterus
Yamasaki, Grzelak, Sgrensen, Neuhaus and Geor@d8, 2@tending from the North
Pole to the Mediterranean Sea throughout the Natidmtic (Yamasaki et al., 2018c);
whilst Sgrenseret al. (2018) reported seven new species, and tveady known
species oftchinoderes Echinoderes hakaiensiderranz, Yangel and Leander, 2018,
and E. cf. unispinosusfrom the Northeast Pacific. However, orfly anniaeand E.
hamiltonorum both from the Northeast Pacific, fit the spindtg@a of E. shenlongsp.
nov. with middorsal spines on segments 4, 6 ands$lpteroventral spines on segments
6 to 9; but both show type 2 glandular cell outkatsl, additionallyE. anniaedoes not
have lateroventral tubes on segment 5 (Sgreeiseh, 2018).

3.3. GenudMeristoderedHerranz et al., 2012

Meristoderestaro sp. nov.

(Figs. 8-10)
ZooBank Isid: urn: Isid:zoobank.org:act:B308442236D36-A1C7-
F2479BCCA4FAF.
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3.3.1. Examined material

Holotype, adult male, collected in 2015, JPIO/CQCdise, at station MUC #86, North
Pacific: 11°45.02' N, 119°39.81' W, at 4439 m dejthsoft sediment; mounted in
Fluoromount &, deposited at MfN under accession number: ZMB XXXX8
paratypes, 6 adult females and 2 adult males (sé&éeTL for further information on
stations), mounted in Fluoromount®Gand deposited at the MfN under accession
numbers: ZMB XXXXX-XXXXX. One additional female spienen mounted for SEM

plus 4 females and 1 male mounted for LM, depositdtie MfN as additional material.

3.3.2. Diagnosis

Meristodereswith middorsal spines on segments 4-8, remarkaidyeasing in length
on posterior segments; short laterodorsal tubesegment 10, ventrolateral tubes on

segment 2 and lateroventral tubes on segmenteéspiantral spines on segments 6-9.

3.3.3. EtymologyThe species name refers to Taro, the main charattdre anime
“Taro the dragon boy”, by Miyoko Matsutani, one tbie favourite movies during
childhood of the first author. Taro searches farother, Tatsu, wheas transformed

into a dragon.

3.3.4. Description

All dimensions and measurements are summarizedainleT6, and distribution of

cuticular structures in Table 7.

Head and neckNone of the specimens were suitable for introvean@nations,
hence arrangement and detailed morphology of tlael lveuld not be studied. Neck
with 16 trapezoidal placids of similar sizes (cauré wide at base), except for the
broader midventral one (ca. 1n wide at base) (Fig. 9C, D). All placids with wide
bases (Figs. 9A-D and 10A-B), and separated ambeq tby cuticular folds at the
distal end. Six trichoscalid plates attached topilaeids (Fig. 9D).
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Trunk.11 segments, with segment 1 as a closed cutidnigy segment 2 partly
differentiated into a tergal and a sternal plateifgomplete, intracuticular fissures
between lateroventral and ventrolateral positidag.(9C). Segments 2-10 with one
tergal and two sternal cuticular plates, segmentvith two sternal plates and with a
middorsal fissure dividing in two the tergal plafeigs. 8A-B, 9A-B, and 10A-B).
Midsternal and tergosternal junctions well-devethp&ergal anterior plates slightly
bulging middorsally, posterior ones more flattengiding a tapering outline in lateral
view. Sternal plates reach their maximum width egrnsent 8, progressively tapering
towards the posterior trunk segments. Cuticularsiang, filiform, bracteate (Fig. 10F)
and arranged following three wavy transverse rowsymst of the tergal plates, each
row of hairs surpassing the perforation sites efftllowing row of hairs (Fig. 10 D, G-
H). Ventrally, rows of cuticular hairs covering atbdwo-thirds of the sternal plates.
Sensory spots composed of a single pore surroungedgroup of short micropapillae
(Fig. 10F). Posterior segment margins straightwsig primary pectinate fringes with
well-developed indentations, with a more regulaofifg on segment 1 (Fig. 10F).

Secondary pectinate fringes absent (Fig. 10F).

Segment 1 as a closed cuticular ring (Figs. 8ArB 8C), without spines or
tubes. An unpaired middorsal type 1 glandular ceiflet (Figs. 9D and 10E); and
paired subdorsal and laterodorsal sensory spajs 9Bi). Sensory spots on this segment
flanked by two to four long hairs (Fig. 10E). Vally, with one pair of lateroventral
type 1 glandular cell outlets (Fig. 10C). Cuticutzirs on this segment are scarce,
located around the sensory spots and almost absémt ventral side (Figs. 9C, D and
10E).

Segment 2 as a cuticular ring with partially depeld, intracuticular tergosternal
junctions (Fig. 9C), adjacent to one pair of shamtrolateral tubes (Fig. 8A). A single
middorsal type 1 glandular cell outlet and senspt (Fig. 10E-F), and paired sensory
spots in laterodorsal (Figs. 9D and 10E) and veméatial positions (Fig. 9C), plus one
pair of ventromedial type 1 glandular cell outle®uticular hairs arranged into two
lines, with short hairs at the anterior band anthé ones at the posterior band (Fig.
10E-F). Hairless midlateral area along the wholegitudinal line of the plate, more
evident at the following segments (see Fig. 10mRining hairs uniformly distributed
along the segment until reaching the ventromediakasry pots, absent from that point

to the midventral line.
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Segment 3 with tergal and sternal plates with t§pglandular cell outlet in
middorsal and ventromedial positions only. Venyrallith long hairs until half of the
width of the plates (Fig. 9C).

Segment 4 with a middorsal acicular spine reacttiegposterior margin of the
following segment (Figs. 9D and 10A). Paired typgldndular cell outlets in paradorsal
(Fig. 9D) and ventromedial positions near the amtemargins. Pattern of cuticular

hairs similar to preceding segment (Fig. 10H).

Segment 5 with tergal and sternal plates simdathbse of segment 4 but with
longer middorsal spine (Figs. 9A, D and 10A) anthtaroventral pair of tubes (Fig.
8A). Pattern of cuticular hairs similar to precegisegment (Fig. 10H).

Segment 6 with a middorsal spine conspicuously donpan on previous
segments (Figs. 9A, D and 10A, C), reaching thdepims margin of segment 8, and
with a pair of lateroventral acicular spines (F§); plus paired paradorsal (Figs. 9D, E
and 10C) and midlateral sensory spots (Figs. 9@an& 10H-1). Paradorsal sensory
spots located posterior to the insertion of thedaidal spine (Figs. 9D, E and 10C).
Paradorsal and ventromedial pairs of type 1 glardegll outlets. Pattern of cuticular

hairs similar to preceding segment (Fig. 10H).

Segment 7 with middorsal (Figs. 9A, D and 10AQ},and lateroventral spines,
both being conspicuously longer than those on ptevsegments (Fig. 9B, F). Type 1
glandular cell outlets in paradorsal and ventromledbsitions, and sensory spots in
ventromedial positions (Fig. 9F). Pattern of cutacinairs similar to preceding segment
(Fig. 10H).

Segment 8 with tergal and sternal plates similahtse of segment 6 (Fig. 9E)
but with much longer spines (Figs. 9A-B, G and 1BAD, G), but without midlateral
sensory spots. The middorsal spine extends beyloadosterior margin of the last
trunk segment, and the lateroventral ones exterd the anterior half of segment 10.

Pattern of cuticular hairs similar to precedingraeqt.

Segment 9 without middorsal spine and with a pgalong lateroventral acicular
spines extending beyond the posterior margin ofldaketrunk segment (Figs. 9A-B, G
and 10A-B, G). Paired paradorsal type 1 glandukdt outlets present. Pairs of
paradorsal (Figs. 9E and 10D, G), laterodorsalg(FBE and 10G) and ventrolateral
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sensory spots (Fig. 9G), plus paired ventromedgiaé t1 glandular cell outlets aligned
with those of preceding segment. Nephridiopore asmall sieve plate present in
sublateral position, posterior to the insertion tbé lateroventral spine (Fig. 9G).
Cuticular hairs less abundant that on precedingisats, with a hairless area extending
middorsally over to the subdorsal band (Fig. 100)herwise similar to preceding

segment.

Segment 10 with two longitudinally aligned, midsalr type 1 glandular cell
outlets, short laterodorsal tubes in both sexeg. (FOG), plus one pair of subdorsal
(Fig. 9E) and ventrolateral sensory spots (Fig. 86J ventromedial type 1 glandular
cell outlets (Fig. 9G). Sternal plates with concavargins, extending posteriorly near

the midventral junction. Otherwise similar to preicg segment.

Segment 11 with long lateral terminal spines amangular rounded tergal
extensions (Figs. 9A-B and 10A-B). Dorsal side d&d in two tergal plates and with a
middorsal protuberance protruding from the intensegtal joint between segments 10
and 11 (Figs. 8B, D, 9E and 10A, G). Females witle air of lateral terminal
accessory spines, about one third of length ofrdateerminal spines (Fig. 10A-B).
Cuticular hairs scarce at both dorsal and venidass Males with three pairs of penile
spines (Fig. 9A-B); ventral and dorsal penile spifiiform, midlateral penile spine

coarser and slightly shorter.

Associated kinorhynch fauna. Cephalorhyncha polung@ nov., Dracoderes
toyoshioaeYamasaki, 2015Echinoderessp. 2,Echinoderessp. 4 andSemnoderesp.
1.

3.3.5. Remarks

Meristoderes tarsp. nov. can be distinguished from its congenergsbgpine pattern
with middorsal spines on segments 4 to 8, and éngarkable increase of middorsal
spine lengths from anterior towards more postesites. Six out of the eight currently
known species of the genus have middorsal spinesegments 4, 6 and 8 only:
Meristoderes boyleHerranz and Pardos, 201Bleristoderes elleaeSgrensen, Rho,
Min, Kim, Chang, 2013Meristoderes glabeSgrensen, Rho, Min, Kim, Chang, 2013,
Meristoderes herranza8grensen, Rho, Min, Kim, Chang, 20Meristoderes imugi

Sgrensen, Rho, Min, Kim, Chang, 201&)d Meristoderes macracanthuslerranz,
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Thormar, Benito, Sanchez, Pardos, 2012 tseanz et al., 2012; Herranz and Pardos,
2013; Sgrensen et al., 2013). In addition, alléhgzecies, except fdi. glaber have
additional tubes in the lateral series besides l#teroventral spinesM. imugi in
sublateral position and in lateral accessory pmsitor the remaining species (Herranz
et al., 2012; Herranz and Pardos, 2013; Sgrensaln €013). Moreoveiy. glaberand

M. imugiare distinguished froriW. taro sp. nov. by the presence of subdorsal tubes on
segment 2 (Sgrensen et al., 2013).

The remaining twdMeristoderesspecies have middorsal spines on fewer segmemts, i
only two middorsal spines iMeristoderes okhotensi&drianov and Maiorova, 2018
(segments 6 and 8) and only on segmentMaernistoderes galathealderranz, Thormar,
Benito, Sanchez, Pardos, 2012 (Adrianov and Mamr@@18; Herranz et al., 2012).
Additional conspicuous features to discriminktetaro sp. nov. from these species are
the presence of lateral accessory tubes on sed@naril. galatheaeas well as pointed
and prominent tergal extensionshvh okhotensis.

3.4. Additional kinorhynch speciesat thearea

A total of 15 additional species were identifiecbrfr 272 cores:Campyloderes
vanhoffeni Condyloderes kurilensisAdrianov and Maiorova, 2016Dracoderes
toyoshioae Echinoderes juliae Fissuroderes higginsi Semnoderes pacificus
Semnoderesp. 1,Echinoderesp. 1,Echinoderesp. 2,Echinoderesp. 3,Echinoderes

sp. 4,Echinoderesp. 5,Echinoderesp. 6,Cristaphyessp. 1 andMixtophyessp. 1.

4. Discussion

This study showed that the soft deep sea sedinfehecCCZ at the northeast Pacific
harbours high kinorhynch diversity (18 species), duelatively low abundance (723
specimens in 272 cores), as it usually occurs theromeiofaunal groups in abyssal
plains and in nodule-bearing areas particularlyoy@t and Smith, 2002; Lambshead et
al., 2003). Of the 723 kinorhynch specimens codlécit the area, most of them were
juveniles (561 specimens) and hence impossiblddotify species-level. Regarding the
new species described herein, only one adult sgecwas found in the sediment of

washed nodules, specifically a specimerCephalorhyncha polungsp. nov. This fact
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suggests that none of the described species habigathsorting for nodules, no

preference for nodule habitat.

Amongst 162 adult specimens, it was not surpriginiind specimens a€ampyloderes
vanhoffeni which has been recorded worldwide, from Faerdantts to Antarctica
(Neuhaus and Sgrensen, 2013; Zelinka, 1913); ab ageCondyloderes kurilensis
Dracoderes toyoshioaeEchinoderes juliae Fissuroderes higginsand Semnoderes
pacificus All of them were described from the Pacifie: kurilensisandD. toyoshioae
from the northwest (Adrianov and Maiorova, 2016mésaki, 2015)S. pacificusand

F. higginsifrom the southwest (Higgins, 1967; Neuhaus anddia, 2006). Moreover
F. higginsiand C. kurilensiswere recently recovered also in deep sea watertheff
United States west coast (between southern Oregdrseuthern California) together
with Echinoderes juliae(Sgrensen et al., 2018, this issue). However, wenata
conclude whether these species have extremely digtabutions or if they actually
represent cryptic species since commonly in deepesgironments speciation does not
necessary reflect changes in morphology (Janssea.,e2015). Further molecular
analysis studies seeking for gene flow and convigctbetween populations must be
performed in order to assess the real nature atdldition of these species and also to
know whether mining activities may affect the kingnch biodiversity.

Such results should be cross-checked and combindd twse from additional
meiofaunal taxa (also macro and megafauna) anagical data in order to understand
underlying processes that allow to proper seleatioswreas for mining activities as well

as preservation reference zones.
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Fig. 1. (A) General map of the CCZ and Peru Basin locati¢B) CCZ, with the BGR
license area in grey (sampled area during theestMANGAN 2010, MANGAN

2014, MANGAN 2016, FLUM, JPIO/CCZ, ABYSSLINE Il)aspled areas of other
contractors appear in black colour (during the JEICX cruise the western black area
was also surveyed). (C) Peru Basin area surveyedgdiine JPIO/DISCOL cruise is
highlighted in grey colour.

Fig. 2. Line art illustrations o€ephalorhyncha polungsp. nov. (A) male, ventral

view; (B) male, dorsal view; (C) female, ventra¢wi of segments 10-11; (D) female,
dorsal view of segments 10-11. Abbreviations: Itlgrodorsal sensory spot; Itas,
lateral terminal accessory spine; Its, lateral teainspine; lvgcol, lateroventral type 1
glandular cell outlet; lvs, lateroventral sping;, kateroventral tube; mdgcol, middorsal
type 1 glandular cell outlet; mds, middorsal spimégco2, midlateral type 2 glandular
cell outlet; miss, midlateral sensory spot; mitdiaieral tube; pdgcol, paradorsal type 1
glandular cell outlet; pdss, paradorsal sensory;, spcsieve plate; ppf, primary

pectinate fringe; ps, penile spine; sdss, subdeesadory spot; te, tergal extension; viss,
ventrolateral sensory spot; vit, ventrolateral tubagcol, ventromedial type 1

glandular cell outlet; vmss, ventromedial sensqots

Fig. 3. Differential interference contrast photograph€ephalorhyncha polungsp.
nov. (B-D, J)Holotypic male. (A, G-H) Paratypic females. (E) &gpic male. (F, I, K)
Additional non-type females. (A) dorsal overvieB) {/entral overview; (C) ventral
view of segments 1-3; (D) detail of divisions ogrsent 2, ventral view; (E) midlateral
to lateroventral areas in left side of segments {FBventral view of segment 11
showing the tergal extensions and the deeply cuypestkerior margin of segment 10;
(G) dorsal view of segments 1-5; (H) dorsal vievs@egments 5-9; (I) left dorsal view
of tergal plates, segments 8-11; (J) ventral vienght side sternal plates of segments
6-9; (K) ventral and right lateral views of segnge®t10. Dashed circles indicate
sensory spots. Dashed line indicates midventrasidiv of segment 2. Digits after
abbreviations indicate the corresponding segmdotbréviations: gcol/2, type 1/2
glandular cell outlet; Itas, lateral terminal agm®y spine; lvs, lateroventral spine;
mdpr, middorsal protuberance; mds, middorsal spmig;midlateral tube; ppf, primary

pectinate fringe; si, sieve plate; te, tergal esitem; vit, ventrolateral tube.
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Fig. 4. SEM micrographs of femalgephalorhyncha polungsp. nov. (A) dorsal view;
(B) dorsolateral view; (C) dorsal view of segments §E§;right middorsal and
subdorsal view of segments 2-3; (E) detail of kefiflateral area of tergal plates,
segment 2, showing the subdorsal type 2 glandelapatlet and middorsal sensory
spot; (F)middorsal andlight lateral view of tergal plates, segments §&;middorsal
andright lateral view of tergal plates, segments @H); left dorsal view of segment 11,
() detail of the midlateral type 2 glandular aalitlet of segment 8, right lateral view of
tergal plate. Dashed circles indicate sensory spotgts after abbreviations indicate the
corresponding segment. Abbreviations: sdgco2, sishditype 2 glandular cell outlet;
hr, bracteate hair; Itas, lateral terminal accesspme; Its, lateral terminal spine; mdpr,
middorsal protuberance; mds, middorsal spine; nlgoudlateral type 2 glandular cell

outlet; ppf, primary pectinate fringe; te, tergatension.

Fig. 5. Line art illustrations oEchinoderes shenlorgp. nov. (A) female, ventral view;
(B) female, dorsal view; (C) male, ventral viewsaigments 10-11; (D) male, dorsal
view of segments 10-11. Abbreviations: ldss, ladersal sensory spot; Itas, lateral
terminal accessory spine; Its, lateral terminahsplvgcol, lateroventral type 1
glandular cell outlet; Ivs, lateroventral sping;, kateroventral tube; mdgcol, middorsal
type 1 glandular cell outlet; mds, middorsal spiméss, midlateral sensory spot;
pdgcol, paradorsal type 1 glandular cell outlesspgaradorsal sensory spot; ppf,
primary pectinate fringe; ps, penile spine; sdsbdsrsal sensory spot; si, sieve plate;
te, tergal extension; viss, ventrolateral senspog;ssmgcol, ventromedial type 1

glandular cell outlet; vmss, ventromedial sensqots

Fig. 6. Differential interference contrast photograph&ohinoderes shenlorgp. nov.
(A-B, D, F) Holotypic male. (C, E, G) Paratypic fala. (A) ventral overview; (B)
dorsal overview; (C) ventral view of segments 6E8; dorsal view of segments 6-9;
(E) dorsal view of segments 9-10; (F) dorsal vidwegments 1-6; (G) ventral view of
segments 9—-11. Dashed circles indicate sensorg.dpigjits after abbreviations
indicate the corresponding segment. Abbreviatignel, type 1 glandular cell outlet;

lvs, lateroventral spine; mds, middorsal spinepfacid.

Fig. 7. SEM micrographs of female &chinoderes shenlorgp. nov. (A) dorsolateral
view; (B) ventral view; (C) left lateral view of tergal plateshowing middorsal,
paradorsal and subdorsal areas of segments 4—&f{[gteral view of tergal plates,
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segments 6-9; (E) detalil of the left lateral areemal plate, segment 9; (#ntral and
lateroventral view of segments 9-11; (@jht sternal plate of segment 6. Dashed
circles indicate sensory spots. Digits after abiatexns indicate the corresponding
segment. Abbreviations: hr, bracteated hair; l&eral terminal accessory spine; Its,
lateral terminal spine; Ivs, lateroventral spinetsymiddorsal spine; ppf, primary
pectinate fringe; sh, short hairs; si, sieve plagtergal extension; viss, ventrolateral

sensory spot; vmss, ventromedial sensory spot.

Fig. 8. Line art illustrations oMeristoderes tar@p. nov. (A) female, ventral view; (B)
female, dorsal view; (C) male, ventral view of segws 10-11; (D) male, ventral view
of segments 10-11. Abbreviations: Idss, laterod@®asory spot; |dt, laterodorsal tube;
Itas, lateral terminal accessory spine; Its, latenaninal spine; lvgcol, lateroventral
type 1 glandular cell outlet; Ivs, lateroventraingy Ivt, lateroventral tube; mds,
middorsal spine; miss, midlateral sensory spot;eodgmiddorsal type 1 glandular cell
outlet; pdgcol, paradorsal type 1 glandular celledupdss, paradorsal sensory spot;
ppf, primary pectinate fringe; ps, penile spinessscgubdorsal sensory spot; si, sieve
plate; te, tergal extension; viss, ventrolateraksey spot; vlt, ventrolateral tube;

vmgcol, ventromedial type 1 glandular cell outlenss, ventromedial sensory spot.

Fig. 9. Differential interference contrast photographd/efristoderes tarsp. nov. (A-

B, D, F) Holotypic male. (C, E, G) Paratypic fengléA) dorsal overview; (B) ventral
overview; (C) ventral view of segments 1-3; (D)shdview of segments 1-7; (E)
dorsal view of segments 6-11; (F) ventral and ¢tatentral views of segments 6-7; (G)
ventral, lateroventral and sublateral view of segi®®—11. Dashed circles indicate
sensory spots. Dashed lines indicate partial dimsiof segment 2 in C and middorsal
fissure on segment 11 in E. Arrow head indicatesmiiddorsal protuberance. Digits
after abbreviations indicate the corresponding sdnmAbbreviations: gcol, type 1
glandular cell outlet; Ivs, lateroventral spine;snohiddorsal spine; mvpl, midventral

placid; pl, placid; si, sieve plate; tp, trichosdagllate.

Fig. 10. SEM micrographs of females bferistoderes tar@p. nov. (A) dorsal view;
(B) right dorsolateral view; (C) middorsal and paradorsaiwaé segments 6—7; (D)
dorsal, paradorsal, subdorsal and laterodorsal giesegments 8-9; (E) dorsal view of
segments 1-4; (Fetail ofmiddorsal and paradorsal areas of segments 2-@rstpo
the middorsal sensory spot of segment 2;r{@)t side of tergal plates of segments 8—
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11; (H) half right of tergal plates of segments Ad7detail of midlateral sensory spot
of segment 6. Dashed circles indicate sensory spaifis after abbreviations indicate
the corresponding segment. Abbreviations: gcolk fiyglandular cell outlet; hr,
bracteated hair; Idt, laterodorsal tube; Ivs, @atentral spine; mdpr, middorsal

protuberance; mds, middorsal spine; miss, midlasenasory spot; ppf, pectinate fringe.
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Table 1. Summary of data on stations and catalago#ers for specimens of the new

species.
Cruise Station / Core Collecting date Latitude, gitude (Dn(]e)p th Mounting  Type status and number of specimens
Mangan 2010 TV-MUC #13/04  28/4/10 11°19.16' NI'B433' W 4325 LM & paratypeMeristoderes tarsp. nov.
Mangan 2010 MUC #23 /12 1/5/10 11°35.416' N 116294' W 4210 LM & paratypeCephalorhyncha polungsp. nov.
Mangan 2010 MUC #23/ 12 1/5/10 11°35.416' N 116°11.294' W 4210 LM & paratypeCephalorhyncha polungsp. nov.
(Nodule)
Mangan 2010 MUC #48 / 11 7/5/10 11°57.316' N 116558 W 4106 LM & Cephalorhyncha polungsp. nov.
Mangan 2010 MUC #48 /12 7/5/10 11°57.316' N 116558 W 4106 LM 14 Cephalorhyncha polungsp. nov.
LM 1 Echinoderesp. 4
Mangan 2014 MUC #82 / 06 21/5/14 11°15.635' N 15882' W 4196 LM 19 paratypeCephalorhyncha polungsp. nov.
LM 1 Echinoderesp. 4
Flum 2015 MUC #37 /05 18/5/15 12°54.131' N 118732: W 4319 LM P holotypeEchinoderes shenlorgp. nov.
Flum 2015 MUC #61 / 05 25/5/15 12°56.109' N 11980&: W 4293 LM 19 paratypeEchinoderes shenlorgp. nov.
LM 1 Echinoderesp. 4
Flum 2015 MUC #68/ 12 27/5/15 119°11.514' W 12308G: N 4408 LM ¥ paratypeCephalorhyncha polungsp. nov.
Flum 2015 MUC #74/ 11 29/5/15 12°55.601' N 1198@88W 4295 LM 13 Cephalorhyncha polungsp. nov.
LM 1 Echinoderesp. 1
LM 1 Echinoderesp. 2
Flum 2015 MUC #95 / 04 5/6/15 11°49.262' N 117°93: W 4150 LM P paratypeCephalorhyncha polungsp. nov.
Flum 2015 MUC #109 /12 8/6/15 11°48.791' N 116781W 4327 LM 13 holotypeCephalorhyncha polungsp. nov.
LM 19 Cephalorhyncha polungsp. nov.
LM 1 Semnoderes pacificus
SEM 1 Campyloderes vanhdéffeni
JPIO/CCz MUC #67 / 12 30/3/15 11°49.37' N 117°32W0 4347 LM 1P paratypeCephalorhyncha polungsp. nov.
JPIO/CCZ MUC #71/03 31/3/15 11°47.88' N 117°30W82 4354 LM 1P paratypeMeristoderes tarep. nov.
JPlO/CCZ MUC #71/ 04 31/3/15 11°47.88' N 117°30\82 4354 SEM P Meristoderes taresp. nov.
JPIO/CCz MUC #86 / 04 2/4/15 11°45.02' N 119°39\%1" 4439 LM ¥ holotypeMeristoderes tar@p. nov.
JPIO/CCz MUC #91/ 10 3/4/15 11°04.39' N 119°39\%4' 4419 LM 19 Cephalorhyncha polungsp. nov.
SEM 1 Echinoderesp. 4
JPlO/CCZ MUC #164 / 08 16/4/15 14°03.00' N 130°Q7W 4955 LM T Cephalorhyncha polungsp. nov.
JPlO/CCZ MUC #176 / 11 18/4/15 14°02.54' N 130°G5W 5012 SEM 19 Cephalorhyncha polungsp. nov.
LM 1 Echinoderesp. 4
JPIO/CCz MUC #202 /11 23/4/15 18°47.35' N 128°81\% 4835 LM T Cephalorhyncha polungsp. nov.
Mangan 2016 MUC #47 | 06 3/5/16 11°50.214' N 116398 W 4090 LM & paratypeCephalorhyncha polungsp. nov.



Mangan 2016 MUC #52 /02 4/5/16 11°49.257' N 117094V 4156 LM P Cephalorhyncha polungsp. nov.

Mangan 2016 MUC #90/ 04 8/5/16 11°49.589' N 1193%' W 4363 LM P paratypeMeristoderes tarep. nov.
Mangan 2016 MUC #90/ 10 8/5/16 11°49.589' N 11783p' W 4363 LM P paratypeMeristoderes tarep. nov.
Mangan 2016 MUC #100 / 05 10/5/16 11°54.735' N 297£22' W 4195 LM ® paratypeCephalorhyncha polungsp. nov.
Mangan 2016 MUC #102 / 01 11/5/16 11°49.155' N 337F18' W 4334 LM ® paratypeMeristoderes tarsp. nov.
Mangan 2016 MUC #102 / 04 11/5/16 11°49.155' N 3B7F18' W 4334 LM 19 paratypeCephalorhyncha polungsp. nov.

LM 19 Meristoderes tarep. nov.
Mangan 2016 MUC #104 / 09 11/5/16 11°53.795' N 27805' W 4202 LM 19 paratypeMeristoderes tarep. nov.

LM 13 Meristoderes tarsp. nov.
JPIO/DISCOL 35-MUC-07 /10 3/8/15 07°07.54' S 08863' W 4160 LM 13 paratypeMeristoderes tarsp. nov.

LM 1 Echinoderesp. 4

LM 1 Dracoderes toyoshioae
JPIO/DISCOL 39-MUC-08/ 12 3/8/15 07°07.52' S 08863 W 4163 LM P Cephalorhyncha polungsp. nov.
JPIO/DISCOL 40-MUC-09 / 09 3/8/15 07°07.54' S 08862' W 4164 LM 13 paratypeEchinoderes shenlorgp. nov.

LM 1 Echinoderesp. 4
JPIO/DISCOL 46-MUC-11/10 5/8/15 07°07.53' S 088eA' W 4162 LM P paratypeEchinoderes shenlorgp. nov.
JPIO/DISCOL 56-MUC-12 / 07 6/8/15 07°04.35' S 08862' W N/A LM 19 Cephalorhyncha polungsp. nov.
JPIO/DISCOL 62-MUC-14/ 08 7/8/15 07°04.42' S 0BB86' W 4154 LM 19 Meristoderes tarep. nov.

SEM 1 Echinoderesp. 4

LM 1 Echinoderesp. 4

SEM 1 Semnoderesp. 1
JPIO/DISCOL 64-MUC-15/ 11 7/8/15 07°04.42"' S 08885' W 4153 SEM @ Echinoderes shenlorgp. nov.
JPIO/DISCOL 73-MUC-19/ 11 11/8/15 07°04.41' S 0BB89' W 4121 LM 19 Cephalorhyncha polungsp. nov.

LM 19 paratypeEchinoderes shenlorgp. nov.

LM 1 Echinoderesp. 4
JPIO/DISCOL 91-MUC-24/ 11 15/8/15 07°04.58' S TBB56' W 4127 LM P paratypeMeristoderes tarsp. nov.
JPIO/DISCOL 92-MUC-25/ 09 15/8/15 07°04.56"' STA8S7' W 4127 LM 19 Meristoderes tarep. nov.

LM 1 Semnoderesp. 1
JPIO/DISCOL 109-MUC-27/ 12  18/8/15 07°04.49' 80%.84' W 4161 LM 19 Meristoderes tarep. nov.

LM 1 Echinoderesp. 2
JPIO/DISCOL 110-MUC-28/09  18/8/15 07°04.45' STEB77' W 4175 LM ® Cephalorhyncha polungsp. nov.
Abyssline I MCO02 / 02 2015 12°22.024' N 116°31.020 4150 LM 19 Cephalorhyncha polungsp. nov.

LM Fissuroderes higginsi




Table 2. Measurements (um) and proportionS&dhalorhyncha polungsp. nov. Numbers
in the first column indicate the corresponding segimAbbreviations: LTAS, lateral terminal
accessory spine; LTS, lateral terminal spine; lafedoventral spine/tube; MD, middorsal
spine; MSW, maximum sternal width, measured on segm; n, number of measured
specimens; S, segment length; SD, standard devjé@M, standard width, measured on
segment 10; TL, total trunk length.

Holotype n Mean & Mean @ Mean Range SD

TL 387 53159 382 372 377 300 - 432 43,12
MSW 7 76 53159 74 73 73.5 64 -77 4,13
MSWI/TL 20% 53159 19% 20% 19.5% 17% — 23% 1,73%
SW10 63 53159 62 61 61.5 54 - 64 3,73
S1 40 53159 40 39 40 34 - 43 2,42
S2 33 53159 34 33 33 30 - 37 2,31
S3 32 53159 32 32 32 28 - 36 2,00
A 36 53159 35 36 35 33-37 1,10
S5 37 53159 37 38 37 33-44 3,03
S6 43 53159 41 41 41 36 - 44 2,65
S7 48 53159 46 45 46 41 - 48 2,38
S8 52 53159 53 49 51 47 - 55 2,56
9 55 53159 56 54 55 52 - 60 2,75
S10 60 53159 61 72 60 52 - 64 3,70
S11 59 53139 60 46 61 59 - 63 1,55
MD4 24 43159 29 30 29 24 - 31 2,26
MD5 33 53149 35 36 35 32-40 2,73
MD6 - 53159 30 41 36 32-51 5,39
MD7 48 53159 51 56 53 48 - 67 5,77

MD8 68 53159 78 89 83 68 - 117 15,47
LV2 27 338159 27 20 23 18-31 4,24
LV5 23 53159 25 18 21 13-27 4,27
LV6 34 53159 37 39 38 33-50 4,89
LVv7 58 53159 53 49 51 45 - 58 4,44
LV8 60 53159 59 57 58 54 - 62 3,16
LV9 64 53159 68 65 66 62-72 3,68

LTS 233 43159 242 238 240 226 - 257 10,23
LTAS - 592 - 69 - 64 -73 3,54

LTSTL 60% 43159 63% 65% 64% 53%-83% 22,19%




Table 3. Summary of relevant cuticular charactaes@ositions oCephalorhyncha polunga

sp. nov. Abbreviations: LA, lateral accessory; l&erodorsal; LV, lateroventral; ML,
midlateral; MD, middorsal; PD, paradorsal; SD, suisdl; SL, sublateral; VL, ventrolateral;
VM, ventromedial; ac, acicular spine; gcol/2, typ2 glandular cell outlet; Itas, lateral
terminal accessory spine; Its, lateral terminahsppr, protuberance; ps, penile spine; si, sieve
plate; ss, sensory spot; t, tubg;male condition of sexually dimorphic characters; @, female
condition of sexually dimorphic characters.

gg;ﬁ;‘;’;t MD PO SD LD ML SL LA LV VL VM

1 gcol SS Ss gcol gcol

2 gcol, ss gco2 SS Ss t gcol, ss
3 gcol SS gcol
4 ac gcol gcol

5 ac gcol Ss t gcol

6 ac gcol, ss SS ac gcol

7 ac gcol, ss ac gcol, ss
8 ac gcol, ss gco2 ac gcol

9 gcol, ss SS Ss Si ac SS gcol
10 gcol, gcol SS t Ss gcol
11 pr ss 3xpsE) Itas@) Its ss




Table 4. Measurements (1um) and proportionsafinoderes shenlongp. nov. Numbers in
the first column indicate the corresponding segm&bbreviations: LTAS, lateral terminal
accessory spine; LTS, lateral terminal spine; lafedoventral spine/tube; MD, Middorsal
spine; MSW, maximum sternal width, measured on sed®; n, number of measured
specimens; S, segment length; SD, standard devjé&@M, standard width, measured on
segment 10; TL, total trunk length.

Holotype n J Mean Q Mean Range SD

TL 218 13749 188 218 212 188 - 232 16,8
MSW 6 54 49 - 54 54 53-54 0,68

MSW/TL 25% 3Q - 25% 25% 23% — 26% 1,24%
SW10 44 3Q - 42 42 41 - 44 1,86
S1 29 49 - 28 28 25-29 1,94
2 28 49 - 21 21 18 - 28 4,35
S3 21 49 - 20 20 19-22 1,25
A 22 49 - 22 22 21-24 1,47
S5 24 49 - 24 24 22 -25 1,39
S6 26 49 - 26 26 24 - 27 1,22
S7 27 49 - 27 27 27 - 28 0,69
S8 32 39 - 32 32 31-32 0,71
S9 34 39 - 34 34 32-35 1,47
S10 39 39 - 37 37 33-39 3,44
S11 23 2Q - 21 21 19-23 3,16
MD4 30 13149 48 41 43 30-50 7,94
MD6 65 13139 83 64 68 62 - 83 9,81
MD8 92 13149 111 101 103 92 -113 9,69
LV5 - 29Q - 13 13 11-15 2,52
LV6 30 13749 34 32 33 30-36 2,72
LV7 36 13749 45 35 37 31-45 5,17
LVS8 43 13749 57 46 48 43 - 57 6,29
LV9 52 13149 60 56 56 51-63 511

LTS 199 13749 244 214 220 180 - 244 28,36
LTAS 50 49 - 46 - 44 - 50 2,72

LTSTL 91% 13142 130% 98% 104%  88%-130% 16,78%




Table 5. Summary of relevant cuticular charactes@ositions oEchinoderes shenlorgp.

nov. Abbreviations: LA, lateral accessory; LD, laigorsal; LV, lateroventral; ML,

midlateral; MD, middorsal; PD, paradorsal; SD, suisdl; SL, sublateral; VL, ventrolateral;

VM, ventromedial; ac, acicular spine; gcol, glamdwell outlet type 1; Itas, lateral terminal
accessory spine; Its, lateral terminal spine; pajlp spine; si, sieve plate; ss, sensory spot; t,

tube;d, male condition of sexually dimorphic characters; Q, female condition of sexually
dimorphic characters.

gg;ﬁ;‘;’;t MD PD LD LV VL VM

1 gcol Ss gcol

2 gcol Ss gcol, ss
3 gcol gcol
4 ac gcol gcol

5 t gcol

6 ac gcol, ss ac gcol, ss
7 ac gcol

8 ac gcol, ss ac gcol

9 gcol, ss Ss ac SS gcol
10 gcol, gcol Ss SS gcol

=
=

Its




Table 6. Measurements (um) and proportionslefistoderes tarsp. nov. Numbers in the

first column indicate the corresponding segmentbr&biations: LTAS, lateral terminal
accessory spine; LTS, lateral terminal spine; lafeloventral spine; MD, Middorsal spine;
MSW, maximum sternal width, measured on segment 8umber of measured specimens; S,
segment length; SD, standard deviation; SW, stahgatth, measured on segment 10; TL,
total trunk length; VL, ventrolateral tube.

Holotype n Mean & Mean @ Mean Range SD
TL 251 34169 244 267 260 218 - 288 19,02
MSW 8 58 23149 58 57 57 56 - 58 1,04
MSWI/TL 23% 23149 24% 21% 22% 21% — 23% 0,92%
SW10 50 23149 48 47 a7 29 - 50 1,96
S1 31 23159 30 33 32 19-38 3,23
S2 28 23159 23 24 24 19 -27 3,93
S3 22 23159 23 24 24 22 -26 1,69
A 27 23159 26 28 28 27-30 1,40
S5 28 23159 28 30 30 28-34 2,49
S6 31 23159 31 33 33 31-38 2,02
S7 34 23159 36 37 36 34 -39 1,93
S8 35 23159 37 39 38 33-42 2,25
9 33 23159 37 39 38 35-42 3,31
S10 35 23159 35 37 36 34 -43 2,84
S11 25 23149 25 23 23 18- 25 2,76
MD4 37 33159 43 44 44 38 -47 3,32
MD5 46 33139 50 51 51 46 - 55 3,38
MD6 67 338149 69 69 69 58 - 83 7,92
MD7 113 23149 97 93 94 80- 113 12,47
MD8 151 23149 135 127 129 107 - 151 15,15
VL2 - 32 - 16 16 11 - 22 5,58
LV5 10 13/59 10 12 12 10-16 2,90
LV6 40 13/59 40 47 46 40 - 49 3,18
LVv7 62 23159 62 57 58 56 - 62 4,00
LV8 71 338159 69 64 66 55-71 4,57
LV9 86 33159 82 77 79 65 - 86 7,14
LTS 227 33159 216 206 210 194 - 227 13,18
LTAS - 592 - 74 - 71-78 2,81

LTSTL 90% 34162 89% 7% 81% 71%-91%  8,06%




Table 7. Summary of relevant cuticular charactes @ositions oMeristoderes tarsp. nov.
Abbreviations: LA, lateral accessory; LD, lateroshdr LV, lateroventral; ML, midlateral;
MD, middorsal; PD, paradorsal; SD, subdorsal; Sibjateral; VL, ventrolateral; VM,
ventromedial; ac, acicular spine; gcol, glanduddrautlet type 1; Itas, lateral terminal
accessory spine; Its, lateral terminal spine; prtyberance; ps, penile spine; si, sieve plate;
ss, sensory spot; t, tubé; male condition of sexually dimorphic characters; @, female
condition of sexually dimorphic characters.

ggg'rtr']‘;':n MD PD SO LD ML SL LA LV VL VM

1 gcol Ss Ss gcol

2 gcol, ss Ss t gcol, ss
3 gcol gcol
4 ac gcol gcol

5 ac gcol t gcol

6 ac gcol, ss SS ac gcol

7 ac gcol ac gcol, ss
8 ac gcol, ss ac gcol

9 gcol, ss S si ac S gcol
10 gcol, gcol SS t SS gcol
11 pr 3xpsE?) ltas@) Its
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