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There are still combinations left:
two new deep-sea species of
Echinoderes (Kinorhyncha:
Cyclorhagida) with an unusual
middorsal spine pattern
Alberto González-Casarrubios 1*, Birger Neuhaus 2,
Nuria Sánchez 1, Keiichi Kakui 3 and Hiroshi Yamasaki 4

1Department of Biodiversity, Ecology and Evolution (BEE), Faculty of Biology, Complutense University
of Madrid (UCM), Madrid, Spain, 2Museum für Naturkunde Berlin - Leibniz Institute for Evolution and
Biodiversity Science, Berlin, Germany, 3Department of Biological Sciences, Faculty of Science,
Hokkaido University, Sapporo, Japan, 4Faculty of Arts and Science, Kyushu University, Fukuoka, Japan
The middorsal spine pattern is a traditional, key taxonomic character within
Kinorhyncha. However, as known species increase, many exhibit identical or
highly similar arrangements, requiring additional traits for species-level identi�-
cation. Here, two new deep-sea Echinoderes species, both bearing a middorsal
acicular spine on segment 9, are formally described, representing a highly unusual
condition for adults of the family. Echinoderes prior sp. nov. is characterized by
having middorsal acicular spines on segments 4–9, lateroventral spines on
segments 6–9, and tubes in lateroventral position on segment 5, in lateral
accessory position on segment 8, and in laterodorsal position on segment 10.
Specimens from the Northwest Paci�c and Atlantic Oceans with considerable
morphological variation in certain tubes and glandular structures are treated as
Echinoderes aff. prior. Genetic differentiation within populations of E. prior sp.
nov. suggests cryptic lineages, and the postembryonic development of E. aff. prior
is also described and discussed. Echinoderes shimadai sp. nov. is described from
the Northwest Paci�c Ocean based on combined molecular and morphological
evidence. This species is distinguished by having middorsal acicular spines on
segments 5–9, lateroventral spines on segments 6–9, tubes in lateroventral
position on segment 5, in midlateral position on segment 8, and in laterodorsal
position on segment 10, and type 2 glandular cell outlets in laterodorsal position
on segment 2. In light of these �ndings, the diagnoses of the order Echinorhagata,
the family Echinoderidae, and the genus Echinoderes are amended. Phylogenetic
implications of the presence of a middorsal spine on segment 9 in adults are
discussed, particularly regarding the restriction of middorsal spines to segments
4–8 as a family autapomorphy. These �ndings underscore the importance of
exploring understudied deep-sea habitats and the value of combining morpho-
logical and molecular data to understand character evolution and lineage diversity
within Kinorhyncha.

KEYWORDS

Echinoderidae, morphological evolution, new species, phylogeny, taxonomy,
Scalidophora
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1 Introduction

Echinoderidae Carus, 1885, is the most diverse family within
Kinorhyncha, comprising 193 described species distributed world-
wide and inhabiting environments from shallow coastal waters to
the deep sea (Neuhaus, 2025). Taxonomic identi�cation within this
family relies on a set of morphological characters that are well
established among kinorhynch specialists. Among these, one of the
most diagnostically relevant and easily recognizable features is the
presence and arrangement of acicular spines (Sørensen and Pardos,
2008, Sørensen and Pardos, 2020). The restriction of middorsal
spines to segments 4�8 has been interpreted as an autapomorphy
for Echinoderidae (Sørensen, 2008; Sørensen et al., 2015), a derived
state of the ancestral condition for extant Kinorhyncha, the pre-
sence of middorsal spines on all trunk segments (Higgins, 1990; Gª
Ordo�ñez et al., 2008).

The pattern of middorsal acicular spines has been used as one of
the character traits to de�ne certain species groups within
Echinoderes, the most speciose genus of the family. For example,
one of the distinguishing traits of the E. coulli group is the presence
of a middorsal spine restricted to segment 4 only, or the complete
absence of middorsal spines. Members of the E. dujardinii group,
on the other hand, consistently exhibits middorsal spines on
segments 4�8 (Ostmann et al., 2012; Sørensen et al., 2020).

Furthermore, the middorsal spine pattern appears to be evolu-
tionarily conserved within the genus Echinoderes. A limited number
of combinations account for most described species, with the
following being the most frequent: (1) middorsal spines on seg-
ments 4�8 (66 species); (2) middorsal spines on segments 4, 6, and 8
(44 species); and (3) middorsal spines only on segment 4 (22
species) (Yamasaki et al., 2020). However, less common patterns
also exist, such as middorsal spines on segments 6 and 8 (four
species), as well as rarer combinations currently represented by a
single species, such as middorsal spines on segments 4�6 in
Echinoderes neospinosus Gª Ordo�ñez et al., 2008. Notably, the
presence of a middorsal spine on segment 9 in an adult
Echinoderes was previously reported in a single specimen
(Echinoderes spec. 1 in Sørensen, 2006), although it remained
undescribed due to limited material.

Herein, two new deep-sea species of Echinoderes are described,
both consistently exhibiting a middorsal spine on segment 9. This
represents the �rst formal description of species characterized by
this morphological condition.
2 Materials and methods

2.1 Sampling, processing, and
morphological identi� cation

Sediment samples were collected in the Northwest and North-
Central Paci�c Ocean and in the Southeast and Southwest Atlantic
Oceans, carried out by R/V Meteor, R/V Sonne, and R/V Hakuho-
maru during six research expeditions: cruises M 63-2, M 79-1, SO 233,
Frontiers in Marine Science 02
SO 249, SO 293, and KH-23-5 (Figure 1). Detailed information of each
sample is shown in Table 1. The sediment samples from the cruises M
79-1, SO 233, and SO 249 were immediately �xed in 4%�6%
formaldehyde buffered using tablets for hematology (Merck
#1.09468.0100, pH = 7.2) (Hoernle et al., 2014; Martõ�nez Arbizu
et al., 2015; Werner et al., 2016). Sediment from the cruise M 63�2 was
�xed in buffered 4% formaldehyde, and that from the cruise SO 293 in
4% formaldehyde (Türkay and Pätzold, 2009; Brandt, 2022). Then, in
the laboratory, the sediment was washed with tap water on a 40-µm
stainless-steel sieve by Retsch and subsequently centrifuged with the
colloidal silica polymer Levasil 200A/40% (AkzoNobel, density 1.289�
1.305 g/cm3, pH = 8.5�9.5) and Kaolin (Sigma-Aldrich #18616-5KG).
The supernatant, containing meiobenthic organisms, was washed
again with tap water on the sieve and stored in 75% ethanol. The
sediment samples from the cruise KH-23�5 were frozen immediately
after collection and transported to HY�s laboratory. In the laboratory,
the samples were thawed and washed with tap water on a 32-µm sieve,
followed by meiobenthos extraction using the �otation method with
Ludox HS-40 (Giere, 2009). Extracted organisms were preserved in
99% ethanol. After organism extraction for each sample, kinorhynch
specimens were sorted under a stereomicroscope.

Sorted kinorhynchs from the cruises M 63-2, M 79-1, SO 233,
and SO 249 were placed in a mixture of 10% glycerol in 75% ethanol,
evaporated on a hot plate at about 40°C for at least one day, and
mounted in glycerol-paraf�n slides on Cobb-aluminum frames sealed
with homemade Glyceel (Bates, 1997). The specimen from SO 293
was dehydrated through a graded series of glycerol, kept overnight in
100% glycerol, and then mounted on glass slides using dimethyl
hydantoin formaldehyde resin (DMHF). Kinorhynchs from the
cruise KH-23�5 were �rst processed for molecular analyses (see
below), and their exoskeletons were recovered during the DNA
extraction process for morphological observation. Each exoskeleton
was individually mounted in Fluoromount G on an HS slide.

Kinorhynchs were observed using a Zeiss Axioskop 50, an
Olympus BX51, or an Olympus BX53 microscope, all equipped
with Nomarski differential interference contrast optics. Specimens
were photographed using a Zeiss AxioCam MRc5 on a Zeiss
Axioplan 2 mot., Olympus DP70 or Olympus DP74 digital camera.

Measurements were taken following Gonza�lez-Casarrubios
et al. (2023) and the speci�c measurements of the specimens are
included in Tables 3, 5 and in the Supplementary Table 1, as well as
being accessible in the Kinorhyncha Measurement Database
(Gonza�lez-Casarrubios and Yamasaki, 2022). Line art illustrations
were created using Adobe Illustrator 2022 software, and image
compositions were assembled using the same software or with
GIMP and Inkscape. Type and additional material of the new
species were deposited at the Museum für Naturkunde Berlin,
Germany, in the collection �Vermes� (ZMB) and the National
Museum of Nature and Science, Tsukuba, Japan (NSMT).

2.2 Molecular analyses

Total genomic DNA was extracted from 13 specimens collected
during cruise KH-23-5. DNA extractions were conducted on single
individuals using the DNeasy Tissue Kit (Qiagen, Tokyo), following
frontiersin.org
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the protocol described in Yamasaki et al. (2013). Partial mitochon-
drial cytochrome c oxidase subunit 1 (COI) gene sequences were
obtained for all the individuals, while nuclear 18S rRNA (18S) and
28S rRNA (28S) gene sequences were obtained for three individuals.
These sequences were ampli�ed via PCR and determined by direct
sequencing using the BigDye Terminator Kit ver. 3.1 (Life
Technologies , USA) and a 3730 DNA Analyzer (Life
Technologies, USA), employing the same primers described in
Yamasaki et al. (2022). Sequence fragments for each gene were
assembled using MEGA X (Kumar et al., 2018) and deposited in
GenBank under accession numbers LC906472�LC906490.

Based on the COI gene sequences obtained, genetic distances
between individuals were calculated using MEGA X. Alignment of
the sequences con�rmed the absence of missing data sites, resulting
in a �nal dataset of 658 bp across 13 individuals. Kimura�s 2-
Frontiers in Marine Science 03
parameter (K2P) genetic distances (Kimura, 1980) were subse-
quently calculated between individuals.

To determine the phylogenetic position of the species within
Echinoderidae, maximum likelihood (ML) and Bayesian inference
(BI) analyses were performed using a dataset of 18S and 28S, modi�ed
from Yamasaki et al. (2024). Species lacking 28S or containing
substantial missing data in the 28S were excluded to enhance the
reliability of the phylogenetic inference. The �nal list of species in the
dataset is provided in Table 2. Sequence alignments were performed
using MAFFT (Katoh and Toh, 2010), and ambiguous regions were
removed with trimAl (Capella-Gutie�rrez et al., 2009). Gap sites were
excluded, except for those corresponding to missing data regions. The
resulting aligned sequences consisted of 1332 bp for 18S and 2659 bp
for 28S. The homogeneity of base composition was assessed for each
gene using a chi-square test implemented in Kakusan4 (Tanabe,
frontiersin.or
FIGURE 1

(A) Map showing the location of the study sites; (B) Guinea Basin and off Namibia; (C) Aleutian Trench, Japan Trench, and Bering Sea; (D) Brazil
Basin. Circles indicate sampling stations, diamonds indicate that a holotype was collected at that station.
g
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2007), with results indicating p > 0.05 for both 18S and 28S,
suggesting no signi�cant base composition bias.

ML analysis was performed using RAxML-NG integrated in
raxmlGUI 2.0 (Edler et al., 2021), while BI analysis was conducted
using MrBayes 3.2.7a (Huelsenbeck and Ronquist, 2001; Ronquist
Frontiers in Marine Science 04
and Huelsenbeck, 2003; Ronquist et al., 2012). In both analyses, the
dataset was partitioned by gene. Substitution models for ML were
selected via raxmlGUI 2.0, and models for BI were determined
using Kakusan4. Nodal support for ML trees was evaluated using
1000 bootstrap replicates. For BI, Markov Chain Monte Carlo
TABLE 1 Material of Echinoderes prior sp. nov., Echinoderes aff. prior , Echinoderes shimadai sp. nov., and of echinoderid juveniles from the South
Atlantic Ocean (northern Brazil basin, off Namibia) and North Paci� c Ocean (Rat Fracture Zone, Stalemate Fracture Zone, Bering Sea, Emperor
Seamount, Aleutian Trench, Kuril-Kamchatka Trench and Japan Trench).

Cruise Location Depth
[m]

Date Gear Collectors Specimens

M 63-2 Southeast Atlantic Ocean, Guinea Basin,
area 5, station MUC 95, 00°37.3630'N, 006°
28.0520'W

5165 23.III.2005 MUC P. Martõ�nez Arbizu, K. George, W.
Ahlrichs, M. Bruhn

E. aff. prior: ZMB 13094, 1 �

M 79-1 Southwest Atlantic Ocean, northern Brazil
Basin, area 4, station MUC 603, 03°56.99�S,
028°05.22�W

5197 5.VIII.2009 MUC K.H. George, M. Bruhn, P. Martõ�nez
Arbizu, L. Menzel,
I. Mohrbeck

E. aff. prior: ZMB 13095�
13096, 2 � ; ZMB 13100�
13102,
13173�13183, 14 juveniles

SO 233 Southeast Atlantic Ocean, off Namibia,
central Walvis Ridge, western part, station
DR 48, from 25°04.99'S, 004°35.35'E to 25°
05.42'S, 004°35.34'E

2965�
2518

3.VI.2014 gDR F. de Arnal, N. Furchheim,
C. Lüter, F. Matz, A. Nauendorf

E. aff. prior: ZMB 13097, 1 �

SO 233 Southeast Atlantic Ocean, off Namibia,
northern Walvis Ridge, north western side,
station MUC 81, 20°26.92'S, 007°11.73'E

4346 3.VI.2014 MUC F. de Arnal, N. Furchheim,
C. Lüter, F. Matz, A. Nauendorf

E. aff. prior: ZMB 13098, 1
late juvenile

SO 249 Northwest Paci�c Ocean, Rat Fracture
Zone, station DR 24, from 49°57.22'N, 177°
40.16'E to 49°56.78'N, 177°40.25'E

5419�
5130

16.VI.2016 gDR A. Ziegler E. aff. prior: ZMB 13099, 1 �

SO 249 Northwest Paci�c Ocean, Bering Sea,
western Aleutian Arc, western cones,
station DR 38, from 53°29.14'N, 171°
59.57'E to 53°29.89'N, 171°58.84'E

3554�
3024

20.VI.2016 gDR A. Ziegler E. aff. prior: ZMB 13089�
13090, 2 �

SO 249 Northwest Paci�c Ocean, Stalemate
Fracture Zone, station DR 53, from 51°
04.73'N, 173°25.28'E to 51°04.64'N, 173°
25.86'E

4095�
3708

26.VI.2016 gDR A. Ziegler E. prior sp. nov.: ZMB 13088,
� , holotype

SO 249 Northwest Paci�c Ocean, Emperor
Seamount province, station DR 78, from
48°44.29'N, 177°30.24'E to 48°43.88'N, 177°
30.10'E

3130�
2615

3.VII.2016 gDR A. Ziegler E. prior sp. nov.: ZMB 13091,
1 � , paratype

SO 249 Northwest Paci�c Ocean, seamount at
Paci�c abyssal plain, station DR 93, from
49°56.81'N, 163°04.72'E to 49°56.45'N, 163°
04.23'E

5251�
4824

9.VII.2016 gDR A. Ziegler E. prior sp. nov.: ZMB 13092,
1 � moulted recently,
paratype

SO 293 North Paci�c Ocean, Aleutian Trench,
station MUC 9-10, 52°09.102'N, 166°
57.52'W

6469 16.VIII.2022 MUC F. Bonk, A. Wessels, E. Kamyab, R.
Glud, J. P. Balmonte, E. Escobar, A.
Gooday, J. Pawlowski, C. Grimes, A.
Santin, A. Poliseno

E. prior sp. nov.: ZMB 13093,
1 � , paratype

KH-23-5 Northwest Paci�c Ocean, Japan Trench,
station D9 BT, from 40° 23.208'N, 144°
59.350'E to 40° 22.690'N, 144° 58.790'E

6667�
6697

16.IX.2023 BT K. Kakui E. prior sp. nov.: NSMT-Ki-
153, 1 �

KH-23-5 Northwest Paci�c Ocean, Japan Trench,
station D9 BT, from 40° 23.208'N, 144°
59.350'E to 40° 22.690'N, 144° 58.790'E

5976�
5991

14.IX.2023 BT K. Kakui E. prior sp. nov.: NSMT-Ki-
154, 155, 2 � ; Echinoderes
shimadai sp. nov.: NSMT-Ki-
165, � , holotype

KH-23-5 Northwest Paci�c Ocean, Japan Trench,
station F13 BT, from 39° 27.708'N, 144°
24.086'E to 39° 27.149'N, 144° 24.086'E

6669�
6676

24.IX.2023 BT K. Kakui E. prior sp. nov.: NSMT-Ki-
156�161, 163, 7 � , NSMT-Ki-
164, 1� , NSMT-Ki-162, 1
juvenile
Abbreviation: BT, beam trawl equipped with inner nets; gDR, geological chain bag dredge equipped with four tubular sediment traps (inner diameter 4 cm, length 21 cm) in the corners of the
dredge; KH, cruise of R/V Hakuho-maru followed by cruise number; M, cruise of R/V Meteor followed by cruise number; MUC, multicorer; SO, cruise of R/V Sonne followed by cruise number.
Bold font indicate the type material of the new species.
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(MCMC) analyses were run with four chains for 1,000,000 gener-
ations, sampling trees every 100 generations. Convergence was
assessed by monitoring the likelihood values graphically. The �rst
10% of trees from each run were discarded as burn-in, and the
remaining trees were used to construct majority-rule consensus
trees and to calculate Bayesian posterior probabilities for each clade
(Huelsenbeck and Ronquist, 2001).
3 Results

Class Cyclorhagida (Zelinka, 1896) Sørensen et al., 2015.
Order Echinorhagata Sørensen et al., 2015.
Frontiers in Marine Science 05
3.1 Emended diagnosis

3.1.1 Echinorhagata, emended diagnosis

Spindle- to cigar- or box-shaped kinorhynchs with six
trichoscalids. Mouth cone bearing outer oral styles with two
elements. Neck with a slightly broader midventral placid and the
remaining placids slightly narrower and of similar shape. Segment 1
forms a closed cuticular ring; segment 2 forms either a closed ring,
one tergal and one sternal plate, or one tergal and two sternal plates;
midventral and/or tergosternal junctions are sometimes only par-
tially divided. Segments 3�10 consist of one tergal and two sternal
plates. Middorsal acicular spines, if present, are restricted to
segments 4�9. Lateral terminal spines present, but midterminal
TABLE 2 List of taxa included in the phylogenetic analyses.

Class Order Family Genus and species Accession
number (18S)

Accession
number (28S)

Reference/Sampling
information

Allomalorhagida incertae sedis Pycnophyidae Setaphyes kielensis U67997 AY863411
Aleshin et al. (1998); Petrov and
Vladychenskaya (2005)

Cyclorhagida Echinorhagata Echinoderidae Cephalorhyncha sp. HY2012a AB738352 AB738353 Yamasaki et al. (2013)

Cyclorhagida Echinorhagata Echinoderidae Cephalorhyncha sp. HY2012b AB738354 AB738355 Yamasaki et al. (2013)

Cyclorhagida Echinorhagata Echinoderidae
Echinoderes prior sp. nov.
(lineage B; NSMT-Ki-155)

LC906485 LC906488 this study

Cyclorhagida Echinorhagata Echinoderidae
Echinoderes prior sp. nov.
(lineage A; NSMT-Ki-159)

LC906486 LC906489 this study

Cyclorhagida Echinorhagata Echinoderidae
Echinoderes shimadai sp. nov.
(NSMT-Ki-165)

LC906487 LC906490 this study

Cyclorhagida Echinorhagata Echinoderidae Echinoderes aureus LC007043 LC831706
Sørensen et al. (2015); Yamasaki
et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes dujardini LC007044 LC007065 Sørensen et al. (2015)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes komatsui AB889164 AB889165 Yamasaki and Fujimoto (2014)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes microaperturus LC007046 LC007066 Sørensen et al. (2015)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes okiensis LC831700 LC831707 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes parahomi LC831701 LC831708 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes regina MG748851 LC831709
Randsø et al. (2019); Yamasaki
et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes remanei LC831702 LC831710 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes rex LC081126 LC081131 Sa�nchez et al. (2016)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes sensibilis LC007047 LC032121
Sørensen et al. (2015); Yamasaki
(2015)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes serratulus MG748852 LC831711
Randsø et al. (2019); Yamasaki
et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes songae LC831703 LC831712 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes sp. HY2012b AB738358 AB738359 Yamasaki et al. (2013)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes sp. HY2012c AB738360 AB738361 Yamasaki et al. (2013)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes sp. HY2012d AB738362 AB738363 Yamasaki et al. (2013)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes tchefouensis LC831704 LC831713 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Echinoderes vozumii LC831705 LC831714 Yamasaki et al. (2024)

Cyclorhagida Echinorhagata Echinoderidae Meristoderes macracanthus LC007049 LC007067 Sørensen et al. (2015)

Cyclorhagida Echinorhagata Echinoderidae Meristoderes sp. MVS2014 LC007050 LC007068 Sørensen et al. (2015)

Cyclorhagida Echinorhagata Echinoderidae Polacanthoderes shiraseae LC721243 LC721244 Yamasaki et al. (2022)

Cyclorhagida Kentrorhagata Semnoderidae Sphenoderes poseidon AB738364 AB738365 Yamasaki et al. (2013)
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and cuspidate spines absent. Lateral terminal accessory spines occur
only in females but may be reduced or absent. Males with two or
three pairs of penile spines.

Family Echinoderidae Carus, 1885.

3.1.2 Echinoderidae, emended diagnosis

Same as for the order Echinorhagata.
Genus Echinoderes Claparède, 1863.

3.1.3 Echinoderes, emended diagnosis

Segments 1 and 2 consisting of closed cuticular rings, segment 2
occasionally with an incomplete intracuticular midventral �ssure.
Segments 3�10 consisting of one tergal and two sternal plates.
Segment 11 with one or two tergal and two sternal plates. Acicular
spines restricted to middorsal position on segments 4�9 and in
lateral-series positions (i.e., midlateral�lateroventral positions) on
segments 6�9. Tubes may be present in various positions, and are
frequently present in segments 2, 5, 8, and 10. Lateral terminal
spines present. Females often have lateral terminal accessory spines.
3.2 Description of the new species

3.2.1 Echinoderes prior sp. nov.

Gonza�lez-Casarrubios, Neuhaus, Sa�nchez & Yamasaki.
urn:lsid:zoobank.org:act:011DE4B7-3DD2-43CC-A88D-

0611ABAF797A.
(Figures 2�4, Tables 3, 4).

3.2.1.1 Material examined

Holotype: Female, collected on 26.VI.2016 by A. Ziegler,
Northwest Paci�c Ocean: Stalemate Fracture Zone, cruise SO 249,
station DR 53, from 51°04.73�N, 173°25.28�E to 51°04.64�N, 173°
25.86�E, 4095�3708 m depth (Table 1), mounted as a glycerol-
paraf�n slide in a Cobb aluminum frame, and deposited at the
Museum für Naturkunde Berlin, collection �Vermes,� under catalog
number ZMB 13088.

Paratypes: One female and two males, collected at three stations
in the Northwest to North-central Paci�c Ocean, and deposited at
the Museum für Naturkunde Berlin, collection �Vermes,� under
catalog numbers ZMB 13091�13093 (Table 1).

Additional material: 10 females, one male, and one juvenile
were collected at three stations in the Northwest Paci�c Ocean
Japan Trench and deposited at the National Museum of Nature and
Science under catalog numbers NSMT-Ki-153�164.

Material identi�ed as Echinoderes aff. prior: Three females from
two stations in the Northwest Paci�c Ocean, deposited at the
Museum für Naturkunde Berlin, collection �Vermes,� under catalog
numbers ZMB 13089, 13090, and 13099, as well as four males and
15 juveniles, collected at four stations in the South Atlantic Ocean
deposited at the Museum für Naturkunde Berlin, collection
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�Vermes�, under catalog numbers ZMB 13094�13098, 13100�
13102, and 13173�13183 (Table 1).

3.2.1.2 Diagnosis

Echinoderes with long middorsal acicular spines on segments 4�
9 and lateroventral acicular spines on segments 6�9, progressively
increasing in length toward the posterior segments. Tubes are in a
lateroventral position on segment 5, in a lateral accessory position
on segment 8, and in a laterodorsal position on segment 10. Lateral
terminal spines are long and slender. Type 2 glandular cell outlets
and female ventral papillae are absent.

3.2.1.3 Etymology

The speci�c name prior (Latin adjective prior, meaning �earlier�
or �former�) alludes to the presence of a middorsal spine on
segment 9, a condition reminiscent of the ancestral state of
cyclorhagid kinorhynchs, in which middorsal spines occur on
most trunk segments but are restricted to segments 4�8 in most
Echinoderidae species.

3.2.1.4 Type locality

Northwest Paci�c Ocean, Stalemate Fracture Zone, from 51°
04.73�N, 173°25.28�E to 51°04.64�N, 173°25.86�E, 4095�3708 m depth.

3.2.1.5 Description

See Table 3 for measurements of the studied specimens and
Table 4 for a summary of acicular spine, tube, nephridiopore,
glandular cell outlet, and sensory spot patterns. Information re-
garding the variation of characters in all specimens is included as
Supplementary Material. The following description refers to mor-
phological structures present in the holotype specimen.

Adult with head, neck, and 11 trunk segments (Figures 2, 3A).
Head. With a retractable mouth cone and introvert. Nine outer

oral styles consisting of two elements, neighboring styles alternating
in length, with an anterior fringe of longer and posterior fringe of
shorter spinose processes at base. Primary spinoscalids with a fringe
of up to 10 spinose processes at the base, scalid ending with a blunt
tip. Six trichoscalids with trichoscalid plates. Pharynx protruded
arti�cially in the holotype and specimen ZMB 13090, with 10
anterior processes of the pharyngeal crown (Figure 3A).

Neck. With 16 placids. The midventral placid is slightly broader
(13 mm in width, 18 mm in length) than the remaining slightly
narrower placids of similar size (9 mm in width, 15 mm in length)
(Figures 2A, B, 3A�C). Placids with rounded anterior margins.

Trunk. With 11 cuticular segments (Figures 2A, B, 3D).
Segments 1 and 2 are closed cuticular rings; segment 11 has two
tergal and two sternal plates; the remaining segments are formed by
one tergal and two sternal plates (Figures 2A�D, 3A�C, E-H).
Trunk with a slender appearance, reaching the maximum width at
segment 8. Cuticular hairs are long, �liform, and uniformly dis-
tributed throughout the surface from the paradorsal to the
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ventromedial region, except for hairless longitudinal laterodorsal
bands (muscular attachment sites) on segments 4�9. Segment 10
with few hairs, hairless in paradorsal and subdorsal regions.
Segment 11 is almost completely devoid of hairs except for the
posterior margin. Segments 1�3 and 9�11 with up to three dorsal
rows of hairs; segments 4�5 with up to �ve rows; segments 6�8 with
up to six dorsal rows of hairs; ventral side with three to �ve rows of
hairs (Figures 2A�D, 3A�C, E�H). Under differential interference
contrast microscopy, sensory spots of segment 1 appear large, drop-
Frontiers in Marine Science 07
shaped, with one pore, and neighbored by longer cuticular hairs,
whereas the remaining sensory spots appear smaller, rounded, with
one or two pores (Figures 2A�D, 3A�C, E�H). Well-developed
primary pectinate fringes. Secondary pectinate fringe undetectable
with light microscopy.

Segment 1. Without spines and tubes. Two longitudinally
aligned type 1 glandular cell outlets in the middorsal position;
both located in the central longitudinal region of the plate.
Additional pair of type 1 glandular cell outlets in a lateroventral
FIGURE 2

Line art drawing of the holotype (A, B) and a male (C, D) of Echinoderes prior sp. nov. (A) Dorsal female overview; (B) Ventral female overview;
(C) Dorsal male view of segments 10–11. (D) Ventral male view of segments 10–11. latu, lateral accessory tube; ldss, laterodorsal sensory spot; ldtu,
laterodorsal tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine; lvac, lateroventral spine; lvgco1, lateroventral type 1 glandular cell
outlet; lvtu, lateroventral tube; mdac, middorsal acicular spine; mdss, middorsal sensory spot; mlss, midlateral sensory spot; pdgco1, paradorsal type
1 glandular cell outlet; pdss, paradorsal sensory spot; pf, pectinate fringe; ps, penile spine; slne, sublateral nephridiopore; te, tergal extension; vlss,
ventrolateral sensory spot; vmgco1, ventromedial type 1 glandular cell outlet; vmss, ventromedial sensory spot. Scale bar: 50 µm.
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FIGURE 3

Light micrographs of female holotype ZMB 13088 of Echinoderes prior sp. nov. (A) Ventrolateral view of the neck and introvert; (B) Dorsal view of
the neck and segments 1–5; (C) Ventrolateral view of the neck and segments 1–5; (D) Ventral overview; (E) Dorsal view of segments 6–9;
(F) Ventrolateral view of segments 6–9; (G) Dorsal view of segments 9–11; (H) Ventral view of segments 9–10. dpl, dorsal placid; latu, lateral
accessory tube; ldtu, laterodorsal tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine; lvac, lateroventral acicular spine; lvtu,
lateroventral tube; mdac, middorsal acicular spine; mc, mouth cone; oos, outer oral styles; sc, scalid; slne, sublateral nephridiopore; tsc, trichoscalid;
numbers after abbreviations indicate corresponding segment; type 1 glandular cell outlets are marked as continuous circles; sensory spots are
marked as dashed circles. Scale bars: (D) 100 µm; (A–C, E–H) 50 µm.
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RE 4FIGU

Intraspeci�c variability, juvenile characters, and penile spines of Echinoderes aff. prior. (A) Ventral view of segments 1–3 of specimen ZMB 13095
(Brazil Basin, Southwest Atlantic Ocean). (B) Ventral view of segments 1–3 of specimen ZMB 13090 (western Aleutian Arc, North Paci�c Ocean).
(C) Dorsal view of segments 1–4 of specimen ZMB 13099 (Rat Fracture Zone, North Paci�c Ocean). (D) Dorsal view of segments 1–4 of specimen
ZMB 13096 (Brazil Basin, Southwest Atlantic Ocean). (E) Dorsal view of terminal segments of juvenile specimen ZMB 13098 (off Namibia, Southeast
Atlantic Ocean). (F) Ventral view of terminal segments of juvenile specimen ZMB 13098 (off Namibia, Southeast Atlantic Ocean). (G) Detail of the
penile spines of specimen ZMB 13094 (Guinea Basin, Southeast Atlantic Ocean). ldgco2, laterodorsal type 2 glandular cell outlet; ltas, lateral terminal
accessory spines; lts, lateral terminal spines; lvac, lateroventral acicular spine; lvstp, lateroventral short triangular process; mdac, middorsal acicular
spine; mvgco1, midventral type 1 glandular cell outlet; ps, penile spines; sdgco2, subdorsal type 2 glandular cell outlet; sdstp, subdorsal short
triangular process; vltu, ventrolateral tube. Numbers after abbreviations indicate the corresponding segment, except for glandular cell outlets; type 1
glandular cell outlets are marked as continuous circles; sensory spots are marked as dashed circles. Scale bars: (A) 20 µm; (B–G) 50 µm.
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