Zoologischer Anzeiger

September 2019, Volume 282, Pages 127-139
https://doi.org/10.1016/].jcz.2019.05.014
https://archimer.ifremer.fr/doc/00501/61249/

Kinorhyncha from the Caribbean, with the description of two
new species from Puerto Rico and Barbados

Cepeda Diego %, Pardos Fernando !, Sanchez Nuria 12

1 Departamento de Biodiversidad, Ecologia y Evolucion, Facultad de Ciencias Biol6gicas, Universidad
Complutense de Madrid (UCM), José Antonio Novais St. 12, 28040, Madrid, Spain

2 Laboratoire Environment Profond, Institut Francais de Recherche pour I'Exploitation de la Mer
(IFREMER), Centre Bretagne — ZI de la Pointe du Diable, CS, 10070 — 29280, Plouzané, France

* Corresponding author : Diego Cepeda, email address : diegocepeda@ucm.es

Abstract :

Two new kinorhynch species from Puerto Rico (Greater Antilles) and Barbados (Lesser Antilles) are
described herein from Dr R. P. Higgins unexamined Caribbean meiofaunal samples, which have been
stored in the Smithsonian Institution collections. The species from Puerto Rico, Cristaphyes cornifrons sp.
nov., belongs to the class Allomalorhagida, whereas the species from Barbados, Echinoderes
barbadensis sp. nov., belongs to the class Cyclorhagida. Cristaphyes cornifrons sp. nov. is easily
distinguished from most of its congeners by the presence of lateral terminal spines and the absence of
male, sexually dimorphic, ventromedial tubes on segment 2, as only other two species of the genus lack
these features. Of these, C. cornifrons sp. nov. may be easily differentiated by its pattern of paradorsal,
ventrolateral and ventromedial setae. Echinoderes barbadensis sp. nov. is unique among its congeners
by the combined presence of middorsal spines on segments 4-8, lateroventral spines on segments 6-9,
lateral accessory tubes on segment 8, lateroventral tubes on segment 5, ventrolateral tubes on segment
2 and type 2 glandular cell outlets in subdorsal position on segment 2 and in midlateral position on
segment 4.
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1. Introduction

Kinorhynchs, commonly known as mud dragons, arellsihalobenthic, meiofaunal
organisms that inhabit the spaces and crevices eegetvihe sediment particles of
worldwide oceans (Neuhaus, 2013; Sgrensen and &008). Much of the currently
known biodiversity of the phylum includes intertida circalittoral species, biased by
samplings being done in the most accessible mane&s (Neuhaus, 2013; Sgrensen et
al., 2018). However, many shoreline regions stithain poorly studied, as it is the case
of the Caribbean Basin. The Caribbean is a trogealbounded by Mexico and Central
America to the west and south west, by the Greatditles to the north, by the Lesser
Antilles to the east and by the northern coast olit® America to the south
(Miloslavich et al., 2010). To date, a total of 8pecies have been reported for the
whole Basin (Higgins, 1983; Kirsteuer, 1964; Pardbal. 2016b; Sgrensen, 2006), but
the study of several samples from different Carmdobdocalities stored at the
Smithsonian National Museum of Natural History (NMN has revealed a still

unknown, rich diversity of Caribbean kinorhynchef@da et al., this issue b, this issue
C).

The present contribution is part of an extensivevey of Caribbean
Kinorhyncha that take advantage of the series wipées deposited by Dr R. P. Higgins
during several decades, samples that still remaisotied and unexamined in the
NMNH. Specifically, this paper focuses on PuerteRipart of the Greater Antilles,
and Barbados, which is part of the Lesser Antillesations where the kinorhynch

fauna is completely unknown. The present studyrisss two species new to science.

2. Material and methods

Studied kinorhynchs were collected by Dr R. P. kfiggat two different localities
throughout the Caribbean Antilles (Fig. 1A): La qleera (Puerto Rico) in 1967 (Fig.
1B) and St. James (Barbados) in 1968 (Fig. 1C)th#dl samplings were done using a
meiobenthic dredge (Higgins, 1988).

After sampling, meiofauna was extracted from seditrusing the bubble and
blot method defined by Higgins (1964). Meiofaungleamens were fixed in 4%

formalin and finally preserved in Carosafe®. Fid&aorhynchs were picked up with an
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Irwin loop using a Motic® SMZ-168 stereo zoom mmrope and washed with distilled
water to remove remnants of formalin. For light rmgcopy (LM), specimens were
dehydrated though a series of 25%, 50%, 75% an&ol@i§cerine and mounted on
glass slides using Fluoromount G® sealed with D@peMounted specimens were
studied and photographed using an Olympus® BX51ifxascope equipped with

differential interference contrast (DIC) optics amath Olympus® DP-70 camera.
Morphometrics were obtained with Olympus cellSerssg®ware. For scanning electron
microscopy (SEM), specimens were transferred to #i#@nol and progressively
dehydrated through a graded series of 80%, 90%, 96% 100% ethanol.

Hexamethyldisilazane (HMDS) was used for chemieging) through a HMDS-ethanol

series. Specimens were finally coated with gold mwdinted on aluminium stubs to be
examined with a JSM® 6335-F JEOL SEM at the ICTSntf@e Nacional de

Microscopia Electronica (Complutense UniversityMddrid, Spain). Type material is
deposited at the NMNH, Smithsonian Institution, Wagton, while non-type material
is deposited at the Invertebrates Collection of Meiofaunal Laboratory at the
Universidad Complutense de Madrid (UCM), Spain.eLorawings and image plates
composition were done using Adobe® Photoshop CCH2&d lllustrator CC-2014

software.

3. Resultsand discussion

Class Allomalorhagida Sgrensen et al., 2015

Family Pycnophyidae Zelinka, 1896

GenusCristaphyes Sanchez et al., 2016

3.1. Cristaphyes cornifrons sp. nov.
urn:lsid:zoobank.org:act:5F5572D9-EB13-4205-870&8B06413DC3.
(Figs. 2-5 and Tables 2-3)

3.1.1 Type material

Holotype, adult female, collected by Dr R. P. Higgion 7 June 1967 at La Parguera,
Puerto Rico, western Atlantic Ocean (L1): 17°57'R0'67'03°00”'W (Table 1; Fig.
1A-B), 15 m depth, mud; mounted in Fluoromount G®&INH accession number:

4
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USNM 1550583. Two paratypes, one adult male and auhdt female, with same
collecting data as holotype, mounted in Fluoromdaft, NMNH accession numbers:
USNM 1550584 and 1550585.

3.1.2 Non-type material

Two additional specimens with same collecting data holotype and paratypes,
prepared for SEM, deposited at the Invertebratede@mn of the Meiofaunal

Laboratory of the Universidad Complutense de Mafld@M), Spain.
3.1.3 Diagnosis

Cristaphyes with middorsal processes on segments 2—9, withlgmoatted projection

of the tergal plate of segment 10. Anterior maifirst segment strongly denticulated,
with “teeth” of different sizes. Unpaired paraddrsetae on segments 2, 4 and 6. Paired
paralateral setae on segment 1; paired laterodeetale on segments 2-9; paired
lateroventral setae on segments 2, 4, 6, 8 angdifed ventrolateral setae on segments
2, 3 (in some specimens mesially shifted to venédial position on segment 3) and 5
(females furthermore with sexually dimorphic, vefdteral setae on segment 10);
paired ventromedial setae on segments 4-9. Lawrainal spines long, about 34% of

total trunk length.
3.1.4 Etymology

From the latin “cornifrons”, which refers to thedeal anterior horn-shaped extensions

of segment 1 that are markedly elongated, curvedoaimted.
3.1.5 Description

See Table 2 for measurements and dimensions, dold Bafor summary of cuticular

process, seta, glandular cell outlet, nephridiopspee and sensory spot locations.

Head with retractable mouth cone and introverg.(BIC-D). Although two of
the examined specimens had the introvert completefrted, oral styles and scalids
tended to be collapsed when mounted for LM (Fig:C3Cso only some details can be
provided. External ring of mouth cone (ring 00)witine equally-sized outer oral styles
(Fig. 3C), arranged as one anterior to each inttosector except for the middorsal
sector 6 where a style is missing. Each outer sige composed of a single, very

flexible, superficially smooth piece with a basstort, fringed sheath (Fig. 3C). Ring
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01 with ten primary spinoscalids, each one compadea basal sheath and a distal,
elongated piece; basal sheath equipped with a medlanse fringe (Fig. 3D).
Remaining rings of introvert (rings 02-06) with udgy scalids morphologically similar
to the primary spinoscalids but shorter (Fig. 3D).

Neck with four dorsal and two ventral, sclerotizgdcids (Figs. 2A-B and 3E-
F). Dorsal placids rectangular; mesial ones bro#usr lateral ones (Figs. 2B and 3E).
Ventral placids much more elongated and trapezoggdting thinner towards the lateral
sides (Figs. 2A and 3F). Fourteen elongated, haiiciioscalids are present, without

trichoscalid plates (Fig. 3D).

Trunk markedly rectangular, stout, triangular iross-section, composed of
eleven segments (Figs. 2A-B, 3A-B and 5A-B). Segmknwith one tergal, two
episternal and one trapezoidal, midsternal pla@aining segments with one tergal and
two sternal plates (Figs. 2A-B, 3A-B and 5A-B). Midrnal and tergosternal junctions
as conspicuous lines externally on the cuticle .(2#y, C). Sternal plates reach their
maximum width at segment 5, but almost constantvidth throughout the trunk,
slightly tapering at the posterior trunk end (Figa-B, 3A-B and 5A-B). Sternal plates
are relatively narrow (MSW-5:TL average ratio =628), giving the animal a slender
appearance. Middorsal processes on segments 2el9sHaped, with pointed tips that
surpass the posterior segment margins, turning ressiyely longer towards the
posterior end (Figs. 2B, D, 3A, 4C-D, F, | and 5&D); segment 10 with a small
pointed projection towards the posterior segmentgma(Figs. 2B, D and 4C).
Segments 1-10 with oval-shaped glandular cell tauite subdorsal and ventromedial
position (Figs. 2A-D, and 4A-J). Segments 2-10 wphired cuticular ridges in
laterodorsal position, not always detectable, fe#d by one small glandular cell outlet;
segments 2-10 furthermore with paired cuticulargesl at the ventrolateral-
ventromedial limit, followed by small glandular teltlets with two cuticular openings
(Figs. 2A-D and 5G). Cuticular hairs acicular,tdimited all over the trunk cuticle,
except the mesial halves of the episternal pldtksscular scars very conspicuous as
superficially smooth, hairless, rounded to ovalpsth areas on the cuticle, in
laterodorsal and ventromedial positions (Figs. 2 4A-J). Pachycycli and ball-
and-socket joints on segments 2-10 (Fig. 2A-B). dgyoes not observed. Posterior
margin of segments straight, showing poorly-devetbprimary pectinate fringes with a
very weak serration (Fig. 2A-D). Secondary pec@nétinges developed as three
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transverse, wavy rows with a very weak dentatiso, of them located near the anterior
margin of segments, one of them located near tls¢epor margin of segments (Fig.
2A-D). Some specimens were found carrying epibto@iliophora on both tergal and

sternal plates throughout the trunk.

Segment 1 without middorsal process (Figs. 2B 4 Anterolateral margins
of the tergal plate large, elongated as horn-shaséehsions, curved inwards, distally
pointed (Figs. 2A-B, 3A-B, F, 4B and 5A-B). Anterionargin of the tergal plate
strongly denticulated, with projections of diffetesizes, followed by a smooth area
(Figs. 2B, 3A and 5A). Paired setae in paralatpaaition (Figs. 2B and 4A). Paired
sensory spots in subdorsal position, posterior He tlorsal cuticular scars; in
laterodorsal position, lateral to the dorsal cuéciscars; and in ventrolateral position,
lateral to the ventral muscular scars (Figs. 2AA8 4A-B). Sensory spots on this and
remaining segments rounded to oval, with severalsri of cuticular papillae

surrounding a central pore (similar to Fig. 5F, 1).

Segment 2 with keel-like middorsal process thgpasses the posterior segment
margin, with a median, densely-covered fringe difcclar hairs (Figs. 2B, 4D and 5D).
Unpaired seta in paradorsal position, and pairéakesa laterodorsal, lateroventral and
ventrolateral positions, the former immediatelyefat to the dorsal muscular scars
(Figs. 2A-B, 4D-E and 5D-E). Two pairs of sensorgots in subdorsal and
ventromedial positions, the latter lateral to tleatval muscular scars; plus one pair of
sensory spots in paradorsal and laterodorsal positithe latter lateral to the
laterodorsal setae (Figs. 2A-B, 4D-E and 5D-E).uadly dimorphic male tubes absent.

Segment 3 with middorsal process as on precediggent (Figs. 2B, 4F and
5D). Paired setae in laterodorsal and ventrolaggoaltions (Figs. 2A-B, 4F-G and 5D,
F), the latter showing intraspecific variation amse ®f the examined specimens had this
pair of setae mesially shifted to ventromedial posi(Fig. 5E). Paired sensory spots in
paradorsal, subdorsal, laterodorsal and ventrorhedsitions (Figs. 2A-B, 4F-G and
5D-F).

Segment 4 with middorsal process as on the pregeskgment (Figs. 2B and
41). Unpaired seta in paradorsal position, plusgehsetae in laterodorsal, lateroventral
and ventromedial positions (Figs. 2A-B and 4I-Bir&d sensory spotrs in paradorsal,

subdorsal, laterodorsal and ventromedial posit{éigs. 2A-B and 4I-J).
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Segment 5 with tergal plate similar to that of segtrB and sternal plates similar

to those of segment 4 but also with paired venteodh setae (Figs. 2A-B and 41-J).
Segment 6 similar to segment 4 (Figs. 2A-B and)4l-J

Segment 7 with tergal plate similar to that of segh8 and sternal plates similar
to those of segment 4 (Figs. 2A-B, 41-J and 5I).

Segment 8 similar to segment 4, but lacking pasad®eta (Figs. 2A-B, 4C, H
and 5C).

Segment 9 with tergal plate similar to that of seghB3, but with lateroventral
nephridiopores present, and sternal plates sinalénose of segment 4 (Figs. 2A-B and
4C, H).

Segment 10 with small pointed projection towards plosterior margin of the
tergal plate (Figs. 2B, D and 4C). Paired setadateroventral position; females
furthermore with sexually dimorphic, paired setaeséntrolateral position (Figs. 2A-D
and 4C, H). Two pairs of sensory spots in latersaloposition, plus one pair of sensory
spots in paradorsal, subdorsal, ventrolateral amtremedial positions (Figs. 2A-D,
4C, H and 5H).

Segment 11 with two pairs of type 3 sensory spmis, in subdorsal and one in
laterodorsal position (Figs. 2B, D and 4C). Malathwwo pairs of stout, penile spines
and genital pores surrounded by tuft of long hétigs. 2A and 5H). Lateral terminal
spines long (LTS:TL average ratio = 34.0%), stoutle, apparently flexible (Figs. 2A-
D, 3A-B and 5B).

3.1. 6 Remarks on diagnostic characters

Of the 23 species currently belonging @istaphyes, the newly described
species may be distinguished from eight of thenthaypossession of lateral terminal
spines, a£. anomalus (Lang, 1953)C. belizensis (Higgins, 1983)C. harrisoni Pardos
et al., 2016C. panamensis Pardos et al., 2016 (in Pardos et al. 2016aphyllotropis
(Brown and Higgins, 1983)C. rabaulensis (Adrianov, 1999 in Adrianov and
Malakhov, 1999)C. spinosus (Lang, 1949) andC. yushini (Adrianov, 1989) lack these
structures. Additionally, males @. cornifrons sp. nov. do not have ventral tubes on
segment 2, whereas males of eleven of the remainomgeners do, namelg.

abyssorum (Adrianov and Maiorova, 2015%. arctous (Adrianov, 1999 in Adrianov

8
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and Malakhov, 1999). carinatus (Zelinka, 1928)C. chukchiensis (Higgins, 1991)C.
cristatus (Sanchez et al., 2013%;. cryopygus (Higgins and Kristensen, 1988.
dordaidelosensis Sgrensen and Grzelak, 2018, furugelmi (Adrianov, 1999 in
Adrianov and Malakhov, 1999¥;. glaurung Sgrensen and Grzelak, 2018, odhneri
(Lang, 1949) andC. scatha Sgrensen and Grzelak, 2018. Male specimerts atibilis
(Sanchez et al., 2014) are unknown, so this spegieaot be assumed to lack these
tubes. Of the four remaining congend®schilensis (Lang, 1953) an€. nubilis possess
middorsal processes from segment 1, unlikecornifrons sp. nov. that has these
structures from segment 2. Moreover, both spediéer drom the new species by keel-
shaped middorsal process at segment 10 clearhassing beyond the posterior margin
of the segment (Lang, 1953; Sanchez et al., 2014).

Cristaphyes cornifrons sp. nov. is most similar t€. fortis Cepeda et al., this
issue (in Cepeda et al., this issue a) @ntbngicornis (Higgins, 1983) as all three of
them share the presence of lateral terminal spamekthe lack of ventral tubes on
segment 2 in males. However, there are some refarldifferences in the setae
arrangement, which justifies the erection of thevrspecies:C. cornifrons sp. nov.
possesses unpaired setae in paradorsal positisegments 2, 4 and 6, whereas
longicornis carries these structures on segments 2, 4, 6 andd@itionally, C.
cornifrons sp. nov. has paired setae in ventrolateral posagiosegments 2-3, 5 and 10
(only in females) and in ventromedial position @gments 4-9, whil€. longicornis
bears ventrolateral setae on segments 2, 5 andhd(naventromedial position on
segments 1 and 3-9. Main morphological differennethe setae location betweén
cornifrons sp. nov. andC. fortis are found in the sternal plates. Th@scornifrons sp.
nov. is characterized by a single pair of ventesfat setae on segments 2-3, 5 and 10
(only in females), whileC. fortis has two pairs of ventrolateral setae on segmentsa
single pair on segments 2-4, 6—7 and 10. Moreo@ercornifrons sp. nov. has
ventromedial setae on segments 4-9 whegadsrtis bears these structures only on

segments 8-9.

Additionally, Cristaphyes longicornis and C. fortis are larger species thah
cornifrons sp. nov. (TL average dE. cornifrons. 447.9um; C. fortis: 644.5um; C.
longicornis: 636.7um), and although the three species are charaaiebyéaving the
anterolateral margins of segment 1 forming horrpstdaextensions, these are much
more elongated and curved inwardsCincornifrons sp. nov. than those @. fortis and

9
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C. longicornis. Cristaphyes fortis also has the pachycycly and ball-and-socket joints
much more developed thad. cornifrons sp. nov, being thicker and stouter in the
former, but this could be related to the age oftyipe specimens @&. fortis. Finally, C.
longicornis possesses conspicuous apodemes in segments8—tQ, avbiabsent .

cornifrons sp. nov.
3.1.7 Associated kinorhynch fauna

Cristaphyes cornifrons sp. nov. co-occurred with the cyclorhagishinoderes astridae
Sgrensen, 2014, horni Higgins, 1983E. orestauri Pardos et al., 2016 (in Pardos et al.
2016b) ancE. spinifurca Sgrensen et al., 2005, and the allomalorha@ritaphyes sp.

andDracoderes spyro Cepeda et al., this issue (in Cepeda et al., $bigei b).

Class Cyclorhagida (Zelinka, 1896) Sgrensen e2@l5

Family Echinoderidae Zelinka, 1894

GenusEchinoderes Claparéde, 1863

3.2 Echinoderes barbadensis sp. nov.
urn:lsid:zoobank.org:act:BCF2D1F5-A0AF-480E-B1E152B93E1083.
(Figs. 6-8 and Tables 4-5)

3.2.1 Type material

Holotype, adult male, unknown collector, samplirane on 23 Aug 1968 at St. James
(Barbados), Caribbean Sea, eastern Atlantic Ockan (3°13°12"°'N, 59°37°12""W
(Table 1; Fig. 1A, C), depth and sediment unknowrgunted in Fluoromount G®,
NMNH accession number: USNM 1550576. Paratypesettadult males and three
adult females, with same collecting data as holatypounted in Fluoromount G®,
NMNH accession numbers: USNM 1550577-1550582.

3.2.2 Non-type material

Six additional specimens with same collecting detdnolotype and paratypes, mounted
for SEM, deposited at the Invertebrates Collectbthe Meiofaunal Laboratory at the
Universidad Complutense de Madrid (UCM), Spain.

10
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3.2.3 Diagnosis

Echinoderes with short middorsal spines on segments 4-8, la&moal spines on

segments 6-9, lateral accessory tubes on segméate®ventral tubes on segment 5
and ventrolateral tubes on segment 2. Type 2 glandell outlets present in subdorsal
position on segment 2 and in midlateral positiorsegment 4. Cuticular hairs densely
distributed through all cuticular surface (exceptsegment 11), very long, bracteate.
Segment 11 with a middorsal, triangular, protubeedike structure emerging between
segments 10 and 11, located near the anterior segmergin. Sternal extensions of

segment 11 bearing paired, very long, thick cusichiirs.

3.2.4 Etymology

The species name refers to Barbados, the typatlpediere the species was found.
3.2.5 Description

See Table 4 for measurements and dimensions, abi@ bafor summary of spines,

tubes, nephridiopores, glandular cell outlets anbary spots location.

Head with retractable mouth cone and introverthédigh some of the paratypes
have the introvert partially everted, oral stylewl ascalids tended to collapse when
mounted for LM; furthermore, specimens for SEM waret suitable for head
examination, so details on the exact number, aeraegt and morphology of oral styles
and scalids cannot be provided.

Neck with sixteen trapezoidal placids, wider asdyawith a deep indentation on
its anterior margin, and distinguished joint betwéige neck and segment 1 (Figs. 6A-B
and 7B-C). Midventral placid widest (ca. 12—1® wide at base) (Figs. 6A and 7C),
remaining ones alternate between wider and narr¢veei8—1Qum at base) (Figs. 6A-B
and 7B-C). Placids situated closely together a¢ bdistally separated by cuticular folds
(Figs. 6A-B and 7B-C). Six long, hairy trichoscali@ttached to trichoscalid plates
present (Figs. 6A-B and 7B-C).

Trunk outline orbicular, stubby, strongly sclereti, hairy, heart-shaped in
cross-section, composed of eleven trunk segmemgs. (6A-B, 7A and 8A). Segments
1-2 as closed cuticular rings; remaining ones witle tergal and two sternal plates
(Figs. 6A-D and 7A). Midsternal and tergosternaildgions as conspicuous lines on the

cuticle (Figs. 6A-D and 7A). Tergal anterior platesticeably bulging middorsally;

11
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posterior ones more flattened, giving the animtdpeering outline in lateral view (Fig.
8A). Sternal plates reach their maximum width ansent 5, slightly tapering towards
the last trunk segments (Figs. 6A and 7A). Stephates conspicuously wide compared
to the total trunk length (MSW-5:TL average ratio25.9%), giving the animal a
globose, stout appearance (Figs. 6A-B and 7A).d0lar hairs densely distributed all
over the trunk cuticle, except on segment 11, imywaontinuous, transversely arranged
rows along the surface of the cuticle (Figs. 6A7A;Q and 8A-C, E). Cuticular hairs
on all segments bracteate, long, slender, appsréettible (Figs. 8A-E). Posterior
margin of segments straight, with well-developednpry pectinate fringes with an
elongated, strongly serrated free flap (Figs. 6ATA-Q and 8A, C); secondary
pectinate fringes absent.

Segment 1 without spines and tubes. Unpaired lypgandular cell outlet in
middorsal position, near the anterior segment maigi LM, the glandular cells appear
like a row of vertically arranged light refractirgganules (Figs. 6B and 7D). Paired
sensory spots in subdorsal, laterodorsal and Vertdral positions, all of them located
near the anterior segment margin (Figs. 6A-B andeJDSensory spots on this and
remaining segments are small, circular to oval-edagreas composed of a ring with
few (ca. 8-10) micropapillae varying in size thatreund a central pore with an
emerging, quite long cilium, not flanked by cutimulhairs (similar to Fig. 8D, F).
Cuticular hairs distributed in 7-9 rows (Figs. 6/AaBd 7D-E).

Segment 2 with paired tubes in ventrolateral pmsi(Figs. 6A and 7G). Type 1
glandular cell outlet unpaired in middorsal andreaiin ventromedial positions, both
located near the anterior segment margin, as roivboazontally arranged light
refracting granules (Figs. 6A-B and 7F-G). Pairgdet 2 glandular cell outlets in
subdorsal position, (Figs. 6B, 7F and 8B). Paireakery spots in laterodorsal position
(Figs. 6B and 7F). Cuticular hairs distributed #65ows (Figs. 6A-B and 7F-G).

Segment 3 without spines and tubes. Type 1 glandigll outlet unpaired in
middorsal and paired in ventromedial positions,ilsinto those of preceding segments
(Figs. 6A-B and 7H-I). Paired sensory spots in kaateral position (Figs. 6A and 71).
Cuticular hairs distributed as on the precedingresay.

Segment 4 with a short, acicular middorsal spiot exceeding the posterior

edge of the segment (Figs. 6B and 7H). Paired tyglandular cell outlets in paradorsal

12
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and ventromedial positions, similar to those ofcpoing segments (Figs. 6A-B and 7H-
). Paired type 2 glandular cell outlets in midtatgoosition, near the posterior segment
margin, smaller than those of the second trunk segniFigs. 6A and 71). Paired
sensory spots in paradorsal and ventrolateralipositthe former anterior to the base of
the middorsal spine, the latter near the postenamin of segment (Figs. 6A-B and 7H-
[). Cuticular hairs distributed in 8—10 rows (Fig&-B and 7H-I).

Segment 5 with a short, acicular middorsal spiot exceeding the posterior
edge of the segment and paired tubes in lateralgpiisition (Figs. 6A-B, 7L-M and
8C). Paired type 1 glandular cell outlets in paradband ventromedial positions,
similar to those of preceding segments (Figs. 6AaAd 7L-M). Paired sensory spots in
paradorsal, subdorsal and ventrolateral posititnes former anterior to the base of the
middorsal spine, the latter near the posterior masfjsegment (Figs. 6A-B and 7L-M).
Cuticular hairs distributed in 7-10 rows (Figs. BAand 7L-M).

Segment 6 with a short, middorsal spine not exogetthe posterior edge of the
segment and paired spines in lateroventral pos(fags. 6A-B, 7L-M and 8C). Paired
type 1 glandular cell outlets in paradorsal andnenedial positions, similar to those of
preceding segments (Figs. 6A-B and 7L-M). Paireteey spots in paradorsal position,
located anteriorly to the base of the middorsahegFigs. 6B and 7L). Cuticular hairs
distributed in 7-9 rows (Figs. 6A-B and 7L-M).

Segment 7 similar to segment 6 but with the cldichairs distributed in 9-11
rows (Figs. 6A-B, 7J-K and 8C).

Segment 8 with a middorsal spine not exceedingptts&erior margin of the
segment and paired spines in lateroventral posfiays. 6A-B, 7J-K and 8C, E). Paired
tubes in lateral accessory position (Figs. 6A, Tid 8C, E). Paired type 1 glandular cell
outlets in paradorsal and ventromedial positiomsilar to those of preceding segments
(Figs. 6A-B and 7J-K). Paired sensory spots in ¢@aigal, subdorsal and ventrolateral
positions, the former anterior to the base of thédamrsal spine, the latter close to the
lateroventral spines near the anterior margin givsnt (Figs. 6A-B, 7J-K and 8D).
Cuticular hairs distributed in 9-12 rows (Figs. BAand 7J-K).

Segment 9 with paired spines in lateroventral tposi(Figs. 6A, 70 and 8C).
Cuticular hairs distributed in 10-13 wavy, contingptransversely arranged rows along

the surface of the cuticle (Figs. 6A-B and 7N-Qgiréd type 1 glandular cell outlets in
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paradorsal and ventromedial positions, similarhtose of preceding segments (Figs.
6A-B and 7N-O). Paired sensory spots in subdoradl \#ntrolateral positions, the
latter close to the lateroventral spines, neaptigterior margin of segment (Figs. 6A-B
and 7N-O). Paired nephridiopores in sublateral tposi as a longitudinally elongated,

oval-shaped sieve plate (Fig. 70).

Segment 10 without spines and tubes. Two unp&eel 1 glandular cell outlets
in middorsal position, one horizontally arrangedd amear the anterior margin of
segment, the other one vertically arranged andeposto the other outlet (Figs. 6B and
7P). Paired type 1 glandular cell outlets in vemgedial position, near the anterior
margin of segment, obliquely arranged (Figs. 6A &@). Paired sensory spots in
subdorsal position, not aligned with those of thevipus segments, mesially shifted,
near the posterior margin of segment (Figs. 6B @Al Cuticular hairs distributed in
10-12 rows (Figs. 6A-B and 7P-Q).

Segment 11 with quite short lateral terminal spileTS:TL average ratio =
20.1%), stout, rigid, distally pointed, showing entral cavity (Fig. 6A-D and 7A, R).
Females with paired lateral terminal accessory epi(LTAS.LTS average ratio =
34.7%), slender, flexible, distally pointed (FigA-8). Males with three pairs of penile
spines, first and third pairs longer and slendempesficially smooth and distally
rounded, second pair shorter and stouter, supatfidnairy with a distal tuft of hairs
(Figs. 6C-D and 8G). Dorsal plate with an antenmoigdorsal, triangular, protuberance-
like structure that emerges between segments 1A &arffig. 6B, D). Unpaired type 1
glandular cell outlet in middorsal position, vedlly arranged near the posterior margin
of segment (Figs. 6B, D and 7P). Tergal extensauite long, distally elongated and
pointed (Figs. 6B, D and 7P). Sternal extensiordewiistally rounded, bearing a basal
tuft of thick, long hairs (Figs. 6A, C, 7Q and 8G).

3.2.6 Remarks on diagnostic characters

Echinoderes barbadensis sp. nov. possesses middorsal spines on segmentant-8
short, robust lateral terminal spines. There aflg eaven species with this pattern of
characters:E. aquilonius Higgins and Kristensen, 198&. augustae Sgrensen and
Landers, 2014E. brevicaudatus Higgins, 1966,E. cavernus Sgrensen et al., 2008H,
lusitanicus Neves et al., 2016 (only femaleg),obtuspinosus Sgrensen et al., 2012 and
E. ulsanensis Adrianov, 1999 in Adrianov and Malakhov, 1999. Nthsess,E.
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barbadensis sp. nov. can be unambiguously distinguished from d@forementioned
congeners by the arrangement of the remaining s@nd tubes, and the pattern of type
2 glandular cell outlets.

Echinoderes lusitanicus and E. ulsanensis are the species that most differ from
E. barbadensis sp. nov., as only possess lateroventral spinesegments 8-9 and 6-8

respectively, whereds. barbadensis has lateroventral spines on segments 6-9.

The pattern of tubes allows distinguishikg aquilonius and E. obtuspinosus
from E. barbadensis sp. nov: the first two bear these structures onlyateroventral
position on segment 5, whereas the latter has tubésteral accessory position on
segment 8, lateroventral position on segment Svandrolateral position on segment 2.
The pattern of the type 2 glandular cell outletalso different:E. aquilonius bears
these structures in subdorsal position on segm2rdaad 4, laterodorsal position on
segment 10, sublateral position on segment 8, teidlposition on segments 2 and 5,
and ventrolateral position on segmentE2;obtuspinosus has the glands in subdorsal
position on segments 2 and 4, laterodorsal postdiosegment 2, sublateral position on
segments 2 and 8, and ventrolateral position omeag2;E. barbadensis sp. nov. only
has type 2 glandular cell outlets in subdorsal tpmsion segment 2 and midlateral

position on segment 4.

Echinoderes augustae, E. brevicaudatus and E. cavernus are similar toE.
barbadensis sp. nov. in the possession of lateroventral spioessegments 6-9,
lateroventral tubes on segment 5 and laterovewsraivolateral tubes on segment 2.
However, E. augustae also possesses tubes in midlateral position on segm,
laterodorsal position on segment 10 (only males), sublateral position on segment 8,
whereasE. barbadensis sp. nov. carries these structures only in lateaessory
position on segment 8. Additionall¥s. brevicaudatus and E. cavernus lack tubes in
lateral accessory position on segment 8 and tygga@dular cell outlets, structures
present irE. barbadensis sp. nov. as mentioned above.

3.2.7 Associated kinorhynch fauna

No other kinorhynch species co-occurred wihbarbadensis sp. nov. in the studied

location.
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TABLES

Table 1. Data on sampling localities and habitahefcollected specimens.

Station code L ocation Geogr aphical Sediment Depth (m)
coordinates
L1 Parguera 17°57°00'N  07/06/1967 Mud 15
(Puerto Rico) 67'03°00”"W
L2 James 13°13°12°N  23/08/1968 Unknown Unknown
(Barbados) 59037°12"W

Table 2. Measurements of ad@ristaphyes cornifrons sp. nov. from Puerto Rico,

including number of measured specimeny (mean of data and standard deviation

(SD). Abbreviations: LTS, lateral terminal spineSM-5, maximum sternal width (on

segment 5); S, segment lengths (numbers after iSaedthe corresponding segment);
SW-10, standard sternal width (on segment 10);tdtal length of trunk.

Character Range Mean (SD; n)
TL (um) 422.6-481.8 447.9 (30.5; 3)
MSW-5 (um) 101.0-111.7 105.3(5.6;3)
MSW-5/TL (%) 21.5-24.0 23.6 (2.0; 3)
SW-10 (um) 76.9-104.2 88.1 (14.3; 3)
SW-10/TL (%) 16.0-23.7 19.8 (3.9; 3)
S1 @m) 68.5-82.0 76.2 (7.0; 3)
S2 [um) 35.1-40.6 38.5(3.0; 3)
S3 um) 43.3-50.0 46.0 (3.3; 3)
S4 (um) 44.7-49.8 47.0 (2.6; 3)
S5 [um) 45.8-51.6 48.9 (2.9; 3)
S6 [um) 48.3-53.5 50.6 (2.6; 3)
S7 m) 47.1-52.5 48.9 (3.1; 3)
S8 [um) 47.8-54.5 50.6 (3.5; 3)
S9 [um) 46.9-58.7 53.4 (6.0; 3)
S10 @um) 35.5-49.0 43.4(7.1; 3)
S11 @um) 24.6-38.7 29.6 (7.8; 3)
LTS (um) 111.7-181.8 151.6 (36.0; 3)
LTS/TL (%) 25.4-43.0 34.0 (8.8; 3)

Table 3. Summary of nature and arrangement of sgrswts, glandular cell outlets,

cuticular processes, setae, nephridiopores anéspinadults oCristaphyes cornifrons
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sp. nov. Abbreviations: cp, cuticular processgféle condition of sexually dimorphic

character; gco, glandular cell outlet; LD, latensdb; Its, lateral terminal spine; LV,

lateroventral; m, male condition of sexually dimlmigcharacter; MD, middorsal; ne,

nephridiopore; PD, paradorsal; PL, paralateral, geile spine; se, seta; ss, sensory

spot; ss3, type 3 sensory spot; SD, subdorsal;wéhirolateral; VM, ventromediaf,

indicates intraspecific variation between ventmdak or ventromedial position; *,

indicates unpaired structures.

Segment MD PD SD LD PL LV VL VM

1 gco, ss ss se Ss, gco

2 cp  se* ss gco, ss, ss gco, se, ss se se, gco , SS, g80

3 cp ss gco, ss gco, se, ss se* gco ss, gco

4 cp  Sse* ss gco, ss gco, se, Ss se gco ss,cs€, gc

5 cp ss gco, ss gco, se, ss se, gco ss, Se, gco
6 cp  se* ss gco, ss gco, se, ss se gco ss,cs€, gc

7 cp ss gco, ss gco, se, ss gco ss, se, gco
8 cp ss gco, ss gco, se, Ss se gco ss, se, gco
9 cp ss gco, ss gco, se, Ss ne gco ss, se, gco
10 cp  ss gco, ss gco, SsX, ss se se (f), ss, gcos, gcs

11 ss3 ss3 Its, psx2 (m)

Table 4. Measurements of adlthinoderes barbadensis sp. nov. from Barbados,

including number of measured specimeny (nean of data and standard deviation

(SD). Abbreviations: ac, acicular spine; LA, lateaacessory; LTAS, lateral terminal

accessory spine; LTS, lateral terminal spine; LlAfedoventral; MD, middorsal; MSW-

5, maximum sternal width (on segment 5); S, segresiths (numbers after S indicate

the corresponding segment); SW-10, standard steviddih (on segment 10); TL, total

length of trunk; tu, tube; VL, ventrolateral.

Character Range Mean (SD; n)

TL (um) 223.7-307.0 275.0(18.6; 20)
MSW-5 (um) 62.5-86.6 71.0 (4.8; 20)
MSW-5/TL (%) 23.2-32.1 25.9 (2.0; 20)
SW-10 (um) 53.6-67.0 59.2 (4.1; 20)
SW-10/TL (%) 20.0-24.5 21.6 (1.8; 20)
S1 @m) 29.0-33.9 31.1(1.3;20
S2 [um) 27.2-33.5 30.1 (1.7; 20)
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625
626
627
628
629
630
631
632

S3 @m) 20.7-35.9  32.9 (1.7; 20)

S4 (um) 26.5-40.4 36.8 (2.9; 20)
S5 m) 31.8-42.1 37.1(2.3; 20)
S6 [um) 32.6-42.7 38.8 (2.4; 20)
S7 m) 37.1-42.6 40.5 (1.4; 20)
S8 [um) 40.3-44.3 42.4 (1.4; 20)
S9 [um) 39.4-46.9 44.2 (1.8; 20)
S10 um) 41.1-48.7 45.8 (1.8; 20)
S11 @um) 22.3-39.2 31.7 (3.9; 20)
MD4 (ac) @m) 6.5-12.6 9.6 (1.6; 18)

MD5 (ac) @m) 6.8-12.2 9.7 (1.4;19)

MD6 (ac) @m) 7.7-13.6 10.5(1.7; 19)
MD7 (ac) @m) 6.7-14.8 11.0(2.1; 19)
MD8 (ac) @m) 7.3-12.8 10.5(1.2; 20)
VL2 (tu) (um) 6.3-11.5 8.6 (1.4; 15)

LV5 (tu) (um) 6.3-11.1 8.4 (1.2;19)

LV6 (ac) @um) 8.0-13.6 11.0(1.4; 20)
LV7 (ac) @um) 8.0-13.7 10.4 (1.3; 20)
LV8 (ac) um) 9.1-15.0 10.6 (1.4; 20)
LA8 (tu) (um) 6.3-10.9 7.7 (1.0; 20)

LV9 (ac) um) 9.5-13.4 11.3(1.3;19)
LTS (um) 48.4-58.3 55.1(2.5; 19)
LTS/TL (%) 17.4-24.9 20.1(1.9; 19)
LTAS (um) 17.2-21.6 19.0 (1.2; 10)

LTAS/LTS (%)  31.8-44.6  34.7 (3.5; 10)

Table 5. Summary of nature and arrangement of sgrspwts, glandular cell outlets,
spines, tubes and nephridiopores in adultsEohinoderes barbadensis sp. nov.

Abbreviations: ac, acicular spine; f, female coioditof sexually dimorphic character;
gcol/2, glandular cell outlet type 1/2; LA, latemtcessory; LD, laterodorsal; Itas,
lateral terminal accessory spine; Its, lateral teainspine; LV, lateroventral; m, male
condition of sexually dimorphic character; MD, maddal; ML, midlateral; ne,

nephridiopore; PD, paradorsal; pr, protuberance;ppsile spine; SD, subdorsal; SL,

sublateral; ss, sensory spot; t, tube; VL, venteodd; VM, ventromedial.

Segment MD PD SD LD ML SL LA LV VL VM
1 gcol SS Ss SS
2 gcol gco2  ss t gcol
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gcol

ac gcol, ss

ac gcol, ss Ss

ac gcol, ss

ac gcol, ss

ac gcol,ss ss
gcol Ss

gcol, gcol Ss

pr, gcol

gco2

ne

psx3 (m), Itas (f)

SS

SS

t SS
ac

ac

ac SS
ac SS

Its
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FIGURE LEGENDS

Fig. 1. General map (A) showing the sampling localitiesGBthrough the Caribbean

Sea (western Atlantic Ocean).

Fig. 2. Line art illustrations ofCristaphyes cornifrons sp. nov. (A) Male, ventral
overview; (B) Male, dorsal overview; (C) Femalegsents 10-11, ventral view; (D)
Female, segments 10-11, dorsal view. Abbreviatioles; dorsal cuticular ridge; dpl,
dorsal placid; gco, glandular cell outlet; Idgcatekodorsal glandular cell outlet; Idms,
laterodorsal muscular scar; ldse, laterodorsal $d$a, laterodorsal sensory spot; Idss3,
laterodorsal type 3 sensory spot; Its, lateral ieamspine; Ivse, lateroventral seta;
mdcp, middorsal cuticular process; pdse, paradgetat pdss, paradorsal sensory spot;
plse, paralateral seta; ppf, primary pectinateg&inps, penile spine; S, segment
followed by number of corresponding segment; sdgabdorsal glandular cell outlet;
sdss, subdorsal sensory spot; sdss3, subdorsal3tygpensory spot; spf, secondary
pectinate fringes; vcr, ventral cuticular ridgeseyl ventrolateral seta; viss, ventrolateral
sensory spot; vmgco, ventromedial glandular ceflebuvmms, ventromedial muscular

scar; vmse, ventromedial seta; vmss, ventromedra@y spot; vpl, ventral placid.

Fig. 3. Light micrographs showing trunk overviews andadstin the head and neck of
female holotype USNM 1550583 (A-B) and male paratyyfSNM 1550585 (C-F) of
Cristaphyes cornifrons sp. nov. (A) Dorsal overview of trunk; (B) vent@erview of
trunk; (C) mouth cone, showing the outer oral styleng 00); (D) introvert, showing
primary spinoscalids (ring 01), regular scalids awtk’s trichoscalids (ring 07); (E)
dorsal view of neck, showing the dorsal placid9; &éntral view of neck, showing the
ventral placids. Abbreviations: dpl, dorsal pladid; lateral terminal spines; 0os, outer

oral style; psc, primary spinoscalid; sc, scakdttichoscalid; vpl, ventral placid.

Fig. 4. Light micrographs showing trunk cuticular detailt male paratype USNM
1550585 ofCristaphyes cornifrons sp. nov. (A) Left half of tergal plate of segmdnt
(B) ventrolateral and ventromedial views on leftfled segment 1; (C) left halves of
tergal plates of segments 8-11; (D) left half af&é plate of segment 2; (E) left sternal
plate of segment 2; (F) left half of tergal platesegment 3; (G) left sternal plate of
segment 3; (H) lateroventral to ventromedial viewleft sternal plates of segments 8-
11; (1) left halves of tergal plates of segments, 43) left sternal plates of segments 4-7.

Abbreviations: |dse, laterodorsal seta; Ivne, M@&tentral nephridiopore; Ivse,
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lateroventral seta; mdcp, middorsal cuticular pssgcemdcpr, middorsal cuticular
projection; pdse, paradorsal seta; plse, paralaseta; vise, ventrolateral seta; vmse,
ventromedial seta; sensory spots are marked asdctoscles, and glandular cell outlets

as dashed circles; numbers after abbreviationsatelithe corresponding segment.

Fig. 5. Scanning electron micrographs showing generatviex@s and details of the
cuticular trunk morphology of non-type male Gfistaphyes cornifrons sp. nov. (A)
Lateral overview of trunk; (B) ventral overview tfink; (C) paradorsal view on right
half of segment 8, with detail of the middorsal ggss and the paradorsal sensory spot;
(D) subdorsal to lateroventral view on right hdlfsegments 2-3; (E) left sternal plates
of segments 2-3; (F) detail of ventrolateral setal aentromedial sensory spot of
segment 3; (G) left sternal plates of segment #) detail of the ventral cuticular ridge
and the associated glandular cell outlets; (H) $tfrnal plates of segments 10-11,
showing the male penile spines; (I) ventromedialwin left half of segment 7, with
detail of the ventromedial seta and the ventronmiesiasory spot. Abbreviations: Idse,
laterodorsal seta; Ivse, lateroventral seta; psilg@spine; vise, ventrolateral seta; vmse,
ventromedial seta; sensory spots are marked asdctoscles, and glandular cell outlets

as dashed circles; numbers after abbreviationsatelithe corresponding segment.

Fig. 6. Line art illustrations ofchinoderes barbadensis sp. nov. (A) Female, ventral
overview; (B) Female, dorsal overview; (C) Malegsents 10-11, ventral view; (D)
Male, segments 10-11, dorsal view. Abbreviatioms:atiticular tuft of hairs; dpl, dorsal
placid; lat, lateral accessory tube; Idss, latersalosensory spot; Itas, lateral terminal
accessory spine; Its, lateral terminal spine; lasgroventral spine; Ivt, lateroventral
tube; mdgcol, middorsal type 1 glandular cell duthedpb, middorsal protuberance;
mds, middorsal spine; migco2, midlateral type Zhdldar cell outlet; mvp, midventral
placid; ne, nephridiopore; pdgcol, paradorsal typeglandular cell outlet; pdss,
paradorsal sensory spot; ppf, primary pectinateg&j ps, penile spine; S, segment
followed by number of corresponding segment; sdgsaBdorsal type 2 glandular cell
outlet; sdss, subdorsal sensory spot; te, terg@nebon; tsp, trichoscalid plate; viss,
ventrolateral sensory spot; vmgcol, ventromedigletyl glandular cell outlet; vit,
ventrolateral tube; cuticular hairs are drawn asy gtotes to make the interpretation of

the remaining cuticular characters easier.

Fig. 7. Light micrographs showing overviews, neck andlkricuticular details and
structures of male holotype USNM 1550576Ezhinoderes barbadensis sp. nov. (A)
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Ventral overview of trunk; (B) dorsal view of necghowing the dorsal placids; (C)
ventral view of neck, showing the ventral placif3) middorsal to laterodorsal view on
left half of segment 1; (E) lateroventral to ventexdial view on left half of segment 1;
(F) middorsal to laterodorsal view on left half segment 2; (G) lateroventral to
ventromedial view on left half of segment 2; (Hi} lealves of tergal plates of segments
3-4; (I) sublateral to ventromedial view on leftifhaf segments 3-4, (J) middorsal to
subdorsal view on left half of segments 7-8; (Ketaventral to ventromedial view on
left half of segments 7-8; (L) middorsal to sub@brgew on left half of segments 5-6;
(M) lateroventral to ventromedial views on left haf segments 5-6; (N) middorsal to
subdorsal view on left half of segment 9; (O) lat@ntral to ventromedial view on left
half of segment 9; (P) left halves of tergal platdssegments 10-11; (Q) left sternal
plates of segments 10-11; (R) lateral terminal espibbreviations: lat, lateral accessory
tube; Ivs, lateroventral spine; Ivt, lateroventtabe; mds, middorsal spine; mvpl,
midventral placid; slne, sublateral nephridiopork, ventrolateral tube; sensory spots
are marked as closed circles, and glandular cditsuas dashed circles; numbers after

abbreviations indicate the corresponding segment.

Fig. 8. Scanning electron micrographs showing generalvieer and details of the
cuticular trunk morphology of non-type female (A-8)d male (C-G) oEchinoderes
barbadensis sp. nov. (A) Lateral overview of trunk; (B) subdalrso lateroventral view
on left half of segments 1-2; (C) lateroventral mi@wv of segments 5-10; (D) detail of
ventrolateral sensory spot of segment 8; (E) defdihe lateral accessory tube and the
lateroventral spine of right side of tergal plate segment 8; (F) detail of the
ventrolateral sensory spot of sternal plates ofreey 8; (G) ventral overview of right
sternal plate of segments 10-11, with detail ofgleile spines and the elongated, basal,
thick cuticular hair of the tergal extensions. Adbations: ch, cuticular tuft of hairs; lat,
lateral accessory tube; Ivs, lateroventral sping;ldteroventral tube; ps, penile spines;
sensory spots are marked as closed circles, andugl cell outlets as dashed circles;

numbers after abbreviations indicate the corresipgreegment.
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