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A B S T R A C T

The knowledge about the deep-sea Kinorhyncha community has increased considerably in recent years. How-
ever, the records of kinorhynchs inhabiting hadal depths are still extremely limited. In the present study, we
describe a new species of Echinoderes discovered from the South Orkney Trench, Southern Ocean. Echinoderes
australis sp. nov. is characterized by the presence of middorsal acicular spines on segments 4-8 and lateroventral
ones 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. Additionally, the new species has conspicuous papillary flaps on
segments 8-9. Among its morphological characteristics, the increase in length of the middorsal spine of segment 8
and lateroventral spines of segment 9 in relation to those of the previous segments are striking features, showing
a whip-like appearance. E. australis sp. nov. Becomes the third hadal species of the phylum. In addition, we
provide morphological information on the two other species found in the trench. Finally, we study in detail the
diversity and distribution patterns of the Kinorhyncha of the South Orkney Trench, addressing aspects such as
species richness, abundance, number of adults versus juveniles and the effect of bathymetry on the community
composition.

1. Introduction

Kinorhyncha is among the pool of neglected taxa for which less than
15 % of its estimated diversity is formally described (Appeltans et al.,
2012; WoRMS Editorial Board, 2024). Their small size (0.1–1 mm) and
the low number of taxonomists specialized in the group are likely behind
this knowledge gap, as is also the case for other meiofaunal phyla (Lins
et al., 2021). It should also be mentioned that knowledge of kinorhynch
diversity is biased towards the most accessible ecosystems: of the nearly
350 described species, 73 were reported from deep-sea environments
(>500m depth according to Glover et al., 2024). Fromwhich, 27 species
were found in the abyssal plain (3.000–6.000 m) (for the specific
bibliography see e.g. Grzelak and Sørensen, 2022; Sánchez et al., 2022;
González-Casarrubios et al., 2022) and only two species were properly
identified from hadal depths (>6.000 m) (following Jamieson et al.,
2010; Harris et al., 2014): Echinoderes ultraabyssalis Adrianov and

Maiorova, 2019, from the Kuril-Kamchatka Trench; and Echinoderes
mamaqucha Grzelak et al., 2021, from the Atacama Trench. The two
echinoderms have a rather similar general appearance, which is not
surprising since commonly in deep-sea environments speciation does
not necessarily require morphological changes (Janssen et al., 2015).

Deep ocean trenches are hadal environments consisting of elongated
basins formed by tectonic subduction or fault (United Nations Educa-
tional Scientific and Cultural Organization, 2009; Watling et al., 2013;
Stewart and Jamieson, 2018). Trenches are typically characterized by
very high pressure (increases by 1 atm/10 m) and low temperatures of
restricted within-habitat variability (1–4 ◦C) (Jamieson et al., 2010).
The scarcity of information on kinorhynch fauna from trenches makes
this environment the least known in terms of biodiversity of the phylum.

Our investigation focuses on the South Orkney Trench (Southern
Ocean), located between the Antarctic and southern temperate zones.
The aim of the present contribution is to study the kinorhynch
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community of the South Orkney Trench in terms of diversity and dis-
tribution patterns, and describe a new Echinoderes species from the
trench.

2. Material and methods

2.1. Study site

The South Orkney trench is located in the Southern Ocean, approx-
imately 200 km away from the South Orkney Islands, 800 km from the
nearest coast of Antarctica and 1.600 km from South America. The
deepest point of its axis reaches around 6.200 m deep (Vinogradova
et al., 1993). The geographical position of the South Orkney Trench, in
the center of the highly productive pelagic zone of the Southern Ocean,
determines the rich and peculiar trophic structure of the bottom fauna
down to the maximal depths (Vinogradova et al., 1993). This phenom-
enon is ensured by the trophic connections between the animals of the
benthic and pelagic zones (Sokolova et al., 1996).

2.2. Sampling, extraction and preparation of specimens

The samples were collected in December 2019 during the research
cruise KH-19-6_leg4 on board of the R/V Hakuho-Maru (JAMSTEC).
Meiofauna was obtained using a multi-core (MUC) at two sampling sites
of the South Orkney Trench: one site from the terrace (5.251 m depth) in
the trench slope (A5200), and one site from the axis (6.271 m depth) of
the trench (A6200) (Fig. 1). From each location (axis and terrace) three
pseudo-replicates (from three different cores) were collected from the
same MUC deployment. Sediment samples were sliced on board every
one centimetre down to five centimetre and subsequently fixed in
formalin 10 %.

Meiofauna was extracted using Ludox® HS-40 flotation method
(Somerfield and Warwick, 1996) followed by a centrifugation at 3.000
rpm for 10 min. The Ludox extraction was repeated three times to
guarantee better efficiency of the extraction. After Ludox extraction, the
suspended solution was washed in 20 μm net, stained with Bengal Rose
and preserved on ethylene glycol 20 %.

Kinorhyncha specimens were sorted under a stereomicroscope and
prepared for microscopy study. For light microscopy (LM), adult speci-
mens were passed through a graded series of glycerine, kept overnight in
a solution of 100 % glycerine and mounted on glass slides using
dimethyl hydantoin formaldehyde resin (DMHF). Subsequently,

specimens were photographed and identified to species level using the
interactive identification key made by Yamasaki et al. (2020) and an
Olympus© BX51-P differential interference contrast microscopy with an
Olympus© DP-70 camera. Measurement of the specimens was done
according to the standardized criteria in González-Casarrubios et al.
(2023). Total measurements of the new species are compiled in the
additional material (Supplementary Table S1) and uploaded to the
Kinorhyncha Measurement Database (González-Casarrubios and
Yamasaki, 2022). For scanning electron microscopy (SEM), adult spec-
imens were passed through a graded series of ethanol, then through a
graded series of acetone, and critical-point dried. Finally, specimens
were mounted on aluminium stubs and sputter-coated with
gold-palladium for 90s for examination with a JEOL© JSM-6335F field
emission scanning electron microscope at the ICTS Centro Nacional de
Microscopía Electrónica (Complutense University of Madrid, Spain).

Adobe® Photoshop and Illustrator 2023 software were used for the
line art illustrations and image compositions. Plots were performed in R
v.1.1.453 (R Core Team, 2021) using the ggplot2 package (Fox and
Weisberg, 2019). Type material of the new species was deposited at the
Natural History Museum of Denmark (NHMD).

3. Results

3.1. Taxonomic account

Class Cyclorhagida (Zelinka, 1896) sensu Herranz et al., 2022.
Order Echinorhagata Sørensen et al., 2015.
Family Echinoderidae Carus, 1885.
Genus Echinoderes Claparède, 1863

Echinoderes australis sp. nov.

urn:lsid:zoobank.org:pub:60C568A3-C443-428D-878F-
89BAACBE6E31

(Figs. 2–5, Tables 1 and 2).

3.1.1. Synonymy
Echinoderes sp. 2 (in Grzelak et al., 2021).

3.1.2. Material examined
Type material: Holotype, adult female, collected in 2019/12/19 at

South Orkney Trench, Southern Ocean: Station A6200; Coordinates 60◦
51′ 1.200″S, 41◦ 2′ 13.800″ W; at 6.271 m depth; mounted in DMHF,
deposited at NHMD under catalogue number: NHMD-1784619. Para-
types, 2 adult males and 1 adult female, same collecting data as holo-
type; mounted in DMHF, deposited at NHMD under catalogue numbers:
NHMD-1784620 to NHMD-1784622. An additional male paratype,
collected in 2019/12/19 at South Orkney Trench, Southern Ocean:
Station A5200; Coordinates 60◦ 52′30.000″ S, 41◦ 36′2.400″W; at 5.251
m depth; mounted in DMHF, deposited at NHMD under catalogue
number: NHMD-1784623.

Non-type material: 2 adult females, same collecting data as holotype,
mounted for SEM examination, deposited at the meiofaunal laboratory
of the UCM. 1 adult female (broken), same collecting data as holotype,
mounted in DMHF, deposited at the meiofaunal laboratory of the UCM.

3.1.3. Diagnosis
Echinoderes with middorsal acicular spines on segments 4-8 and

lateroventral ones on segments 6-9, both increasing in length on pos-
terior segments. Very long middorsal spine of segment 8 and later-
oventral spines of segment 9, with whip-like appearance. Paired large
tubes in lateroventral position on segments 5, in lateral accessory po-
sition on segment 8, and in laterodorsal position on segment 10. Con-
spicuous middorsal papillary flaps on segments 8-9.

Fig. 1. Map showing the location of the study site in the South Orkney Trench,
Southern Ocean.
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Fig. 2. Line art drawing of Echinoderes australis sp. nov. based on type material. A: Dorsal female overview; B: Ventral female overview; C: Dorsal male view of
segments 10–11. D: Ventral male view of segments 10–11. Abbreviations: latu, lateral accessory tube; ldss, laterodorsal sensory spot; ldtu, laterodorsal tube; ltas,
lateral terminal accessory spine; lts, lateral terminal spine; lvgco1, lateroventral type 1 glandular cell outlet; lvs, lateroventral spine; lvtu, lateroventral tube; mdgco1,
middorsal type 1 glandular cell outlet; mds, middorsal spine; mlss, midlateral sensory spot; pdss, paradorsal sensory spot; pf, papillary flap; ps, penile spine; sdss,
subdorsal sensory spot; te, tergal extension; vlss, ventrolateral sensory spot; vmgco1, ventromedial type 1 glandular cell outlet; vmss, ventromedial sensory spot.
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Fig. 3. Light micrographs of female holotype NHMD-1784619 of Echinoderes australis sp. nov., showing details on the neck and segments 1–11. A: Dorsal view on the
neck and segments 1–4; B: Ventral view on the neck and segments 1–4; C: Dorsal view on segments 4–7; D: Ventral view on segments 4–7; E: Dorsal view on segments
8–11; F: Ventral view on segments 8–11. Abbreviations: dpl, dorsal placid; latu, lateral accessory tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine;
lvs, tateroventral spine; lvtu, lateroventral tube; mds, middorsal spine; ne, mvpl, midventral placid; nephridiopore; pf, papillary flap; te, tergal extension; numbers
after abbreviations indicate corresponding segment; glandular cell outlets type 1 are marked as continuous circles, and sensory spots as dashed circles.
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3.1.4. Etymology
The species name, australis, derives from the Latin term “auster”

(south) plus the suffix “-alis” (relation or belonging), referring to the
area where the species was found, in the Southern Ocean.

3.1.5. Description
All dimensions and measurements are summarized in Table 1, and

distribution of cuticular structures in Table 2.
None of the examined specimens had the head everted, hence no

details on mouth cone and introvert can be provided.
Neck with 16 placids (Fig. 2 A–B, 3 A–B, 5 A–B). Midventral placid

broadest (15-17 μm in width, 16-19 μm in length). Remaining placids
similar in size and narrower than the midventral one (7-9 μm in width
and 17-19 μm in length). Four dorsal and two ventral trichoscalid plates
are present (Fig. 2A and B), each carrying a thick and feathery
trichoscalid.

Trunk with 11 segments, with segments 1 and 2 as closed cuticular
rings and the remaining segments formed by one tergal and two sternal
plates (Fig. 2 A and B). Sternal plates reach their maximum width at
segment 8, progressively tapering towards the last trunk segments,

giving a slender appearance to the body. Cuticular hairs long, filiform,
bracteate (Fig. 5 C), arranged in several wavy, transverse rows that
extend from the paradorsal regions to the sternal plates (Fig. 2 A and B),
except on segment 10 (devoid of hairs in middorsal and subdorsal re-
gions) and 11 (almost completely devoid of hairs) (Fig. 2 A–D). Hairs
well-spaced through the surface of each segment, uniformly distributed,
except in middorsal, laterodorsal and ventromedial regions, forming
hairless longitudinal bands (Fig. 2 A and B). Segments 1 to 5 with up to
three dorsal rows of hairs, segments 6 to 10 with up to five dorsal rows of
hairs; ventral side with three rows of hairs. Hairs of each anterior row
surpass the insertion of the following one, and with those of the last row
reaching the pectinate fringe of the segment. Sensory spots small, with a
round to oval shape, composed of a single pore surrounded by few, short
micropapillae (Fig. 5 F). Sensory spots of segment 1 larger, formed by a
higher number of short micropapillae. Posterior segment margin
straight, forming well-developed primary pectinate fringes with elon-
gated, strongly serrated tips alternating in size (Fig. 5 B–C, E). Primary
pectinate fringes of segments 7 to 10 reduce in size towards the
middorsal region (Fig. 2 A–C). Secondary pectinate fringe well-
developed, with short and thin serrated tips. Type 1 glandular cell

Fig. 4. Light micrographs of female holotype NHMD-1784619 (A, C), male paratype NHMD-1784622 (B), male paratype NHMD-1784623 (D) and male NHMD-
1784620 of Echinoderes australis sp. nov., showing trunk overview and details on the segments 8–11. A: Dorsal trunk overview; B: Lateral view on right side of
cuticular plates of segments 10–11; C: Close-up of papillary flap of segments 8 and 9; D: Ventral view on the right side on segments 8–9; E: Close-up of papillary flap
of segment 8; F: Close-up of papillary flap of segment 9. Abbreviations: latu, lateral accessory tube; ldtu; laterodorsal tube; pf, papillary flap; ps; penile spine; lts,
lateral terminal spine; lvs, tateroventral spine; numbers after abbreviations indicate corresponding segment.
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Fig. 5. Scanning electron micrographs of two female additional specimens (A62C 2-3) (A–B, D–G) (A62C 1-2) (C) of Echinoderes australis sp. nov. Showing trunk
overview and cuticular details of the neck and trunk segments. A: Lateroventral trunk overview; B: Lateral view of the neck and segments 1–4; C: Detail of lateral
accessory tube and lateroventral spine of segment 8; D: Detail of lateral terminal accessory and lateral terminal spines; E: Lateral view of segments 8–9, marking the
papillary flaps; F: Detail of the ventromedial sensory spot on the right sternal plate of segment 7; G: Detail of the laterodorsal tube on the left side of segment 10; H:
Detail of the midlateral sensory spot of segment 5; I: Lateral view of segments 1–2; J: Detail of the papillary flap of segment 8; K: Detail of the papillary flap of
segment 9. Abbreviations: dpl, dorsal placid; latu, lateral accessory tube; ltas, lateral terminal accessory spine; lts, lateral terminal spine; lvs, lateroventral spine; pf,
papillary flap; numbers after abbreviations indicate corresponding segment; sensory spots are marked as dashed circles.
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outlets are located at the anterior dorsal region of the segments, except
the posterior outlets of segment 1, 10 and 11 that are located towards
the middle region of the plate (Fig. 2 A–D).

Segment 1 without spines or tubes. Two type 1 glandular cell outlets
in middorsal position, longitudinally aligned, and one pair in later-
oventral position (Fig. 2 A–B, 3 A–B). Paired sensory spots in subdorsal
and laterodorsal positions (Figs. 3 A and 5 B). Pectinate fringe less
developed than on following segments (Fig. 5 B).

Segment 2 without spines or tubes. Unpaired middorsal type 1
glandular cell outlet and paired ones in ventromedial positions (Fig. 2
A–B, 3 A). Paired sensory spots in subdorsal and ventromedial positions
(Fig. 2 A–B, 5 I).

Segment 3 without spines or tubes. Unpaired middorsal type 1
glandular cell outlet and paired ones in ventromedial position (Fig. 2
A–B, 3 A–B).

Segment 4 with a middorsal acicular spine, reaching the posterior
margin of the following segment (Fig. 3 A–C). Paired paradorsal and
ventromedial type 1 glandular cell outlets (Fig. 3 A–D).

Segment 5 with a middorsal acicular spine longer than of preceding
segment, reaching the posterior margin of the following segment, and
one pair of lateroventral tubes (Fig. 3 C and D). Paired paradorsal and
ventromedial type 1 glandular cell outlets (Fig. 3 C and D). Paired
midlateral sensory spots (Fig. 3 C–D, 5 H).

Segment 6 with a middorsal acicular spine longer than of preceding

Table 1
Measurements (μm) and proportions (%) of Echinoderes australis sp. nov. Numbers in the first column indicate the corresponding segment. Abbreviations: CL, cu-
mulative length; LATu, lateral accessory tube; LDTu, laterodorsal tube; LTAS, lateral terminal accessory spine; LTS, lateral terminal spine; LVS, lateroventral spine;
LVTu, lateroventral tube; MDS, middorsal spine; MSW, maximum sternal width, measured on segment 8; n, number of measured specimens; S, segment length; SD,
standard deviation; SW, standard width, measured on segment 10; TL, total trunk length.

Character Holotype N Mean♂ Range♂ Mean♀ Range♀ Mean♂♀ Range ♂♀ SD ♂♀

TL 305 2♂/1♀ 311 309–313 305 – 309 305–313 4.0
CL 457 2♂/1♀ 427 417–436 457 – 437 417–457 20.0
CL/TL 150 % 2♂/1♀ 137 % 135–139 150 % – 141 % 135 %–150 % 7.6
MSW 8 70 2♂/1♀ 65 60–69 70 – 66 60–70 5.5
MSW/TL 23 % 2♂/1♀ 21 % 19 %–22 % 23 % – 22 % 19 %–23 % 1.8
SW10 61 2♂/1♀ 56 54–58 61 – 58 54–61 3.5
S1 35 2♂/1♀ 33 31–35 35 – 34 31–35 2.3
S2 33 2♂/1♀ 27 27 33 – 29 27–33 3.5
S3 36 2♂/1♀ 31 31 36 – 33 31–36 2.9
S4 40 2♂/1♀ 35 34–36 40 – 37 34–40 3.1
S5 41 2♂/1♀ 40 37–42 41 – 40 37–42 2.6
S6 47 2♂/1♀ 42 40–44 47 – 44 40–47 3.5
S7 50 2♂/1♀ 45 42–48 50 – 47 42–50 4.2
S8 51 2♂/1♀ 49 48–49 51 – 49 48–51 1.5
S9 51 2♂/1♀ 47 46–48 51 – 48 46–51 2.5
S10 39 2♂/1♀ 48 46–50 39 – 45 39–50 5.6
S11 34 2♂/1♀ 31 28–33 34 – 32 28–34 3.2
MDS4 46 1♂/2♀ 41 – 45 43–46 43 41–46 2.5
MDS5 57 3♂/2♀ 62 56–69 59 57–61 61 56–69 5.1
MDS6 67 3♂/2♀ 75 71–78 68 67–69 72 67–78 4.7
MDS7 114 1♂/2♀ 123 – 118 114–122 120 114–123 4.9
MDS8 176 2♂/2♀ 187 186–187 185 176–194 186 176–194 7.4
LVTu5 14 1♂/2♀ 9 – 15 14–16 13 9–16 3.6
LVS6 43 3♂/2♀ 50 44–57 46 43–48 48 43–57 5.5
LVS7 59 3♂/2♀ 58 50–67 59 59 59 50–67 6.0
LVS8 71 3♂/2♀ 77 75–82 73 71–74 75 71–82 4.0
LATu8 16 1♂/2♀ 10 – 13 10–16 12 10–16 3.5
LVS9 98 3♂/2♀ 115 95–141 95 91–98 107 91–141 20.3
LDTu10 – 1♀ – – 8 – 8 – –
LTS 321 3♂/1♀ 317 307–328 321 – 318 307–328 8.8
LTAS 74 2♀ – – 79 74–84 79 74–84 7.1
LTS/TL 105 % 2♂/1♀ 102 % 98 %–106 % 105 % – 103 % 98 %–106 % 4.4
LTAS/TL 24 % 1♀ – – 24 % – 24 % – –
LTAS/LTS 23 % 1♀ – – 23 % – 23 % – –

Table 2
Summary of nature and arrangement of acicular spines, tubes, sensory spots, glandular cell outlets and nephridiopore in adults of Echinoderes australis sp. nov. Ab-
breviations: ac, acicular spine; f, female condition of sexually dimorphic character; gco1, type 1 glandular cell outlet; LA, lateral accessory; LD, laterodorsal; ltas, lateral
terminal accessory spines; lts, lateral terminal spines; LV, lateroventral; m, male condition of sexually dimorphic character; MD, middorsal; ML, midlateral; PD,
paradorsal; ps, penile spines; SD, subdorsal; ss, rounded sensory spot; tu, tube; VL, ventrolateral; VM, ventromedial.

Segment MD PD SD LD ML LA LV VL VM

1 gco1, gco1  Ss Ss   gco1  
2 gco1  Ss      gco1, ss
3 gco1        gco1
4 ac gco1       gco1
5 ac gco1   ss  tu  gco1
6 ac gco1   ss  ac  gco1
7 ac gco1     ac  gco1, ss
8 ac, pf gco1, ss    tu ac  gco1
9 pf gco1, ss Ss Ss   ac ss gco1
10 gco1, gco1  ss Tu    ss gco1
11 gco1, gco1 ss ss ps(m)  ltas(f) lts  
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segment, reaching medially on segment 8 (Fig. 3 C); and one pair of
lateroventral acicular spines, reaching the posterior margin of segment 7
(Fig. 3 D). Paired paradorsal and ventromedial type 1 glandular cell
outlets (Fig. 3 C and D). Paired midlateral sensory spots (Fig. 3 C and D).

Segment 7 with a middorsal acicular spine longer than of preceding
segment, reaching medially on segment 10 (Fig. 3 C–E); and one pair of
lateroventral acicular spines longer than those of the preceding segment,
reaching the posterior margin of segment 8 (Fig. 3 D–F). Paired para-
dorsal and ventromedial type 1 glandular cell outlets (Fig. 3 C and D).
Paired sensory spots in ventromedial position (Figs. 2 B and 5 F). Pri-
mary pectinate fringe reduces in size towards the middorsal region
(Fig. 2 A–C).

Segment 8 with a whip-like middorsal acicular spine much longer
than on preceding segment, exceeding far beyond the posterior margin
of segment 11 (Figs. 3 E and 4 A). One pair of lateroventral acicular
spines longer than those of the preceding segment, reaching the medi-
ally on segment 10 (Figs. 3 F, 4 D and 5 C). One pair of long tubes in
lateral accessory position (Figs. 3 F, 4 D and 5 C). Paired paradorsal and
ventromedial type 1 glandular cell outlets (Fig. 3 E–F). A papillary
middorsal flap located at the most posterior margin of the segment
(Figs. 3 E, 4 C, E, 5 E, J), flanked by a pair of paradorsal sensory spots
(Fig. 2 A). Primary pectinate fringe reduces in size towards the
middorsal region (Fig. 2 A–C, 5 E).

Segment 9 with one pair of very long lateroventral acicular spines,
exceeding well beyond the posterior margin of segment 11; the distal
end is whip-like (Figs. 3 F, 4 D and 5 A). Paired paradorsal and
ventromedial type 1 glandular cell outlets (Fig. 2 A–B, 3 F). Longer
papillary middorsal flap than on preceding segment (Figs. 3 E, 4C, F, 5 E,
K), located at the posterior margin of the segment, and flanked by a pair
of paradorsal sensory spots (Fig. 2 A). Three additional pairs of sensory
spots located in subdorsal, laterodorsal and ventrolateral positions
(Fig. 3 E–F, 5 E). Subdorsal and laterodorsal pairs located in the middle
of the segment; ventrolateral pair located near the posterior segment
margin. Rounded nephridiopores as sieve plates in sublateral position
(Fig. 3 F). Primary pectinate fringe reduces in size towards the middorsal
region (Fig. 2 A–C).

Segment 10 with paired, long and slender laterodorsal tubes near
posterior segment margin with similar appearance in both sexes
(Fig. 2A–C, 4 B, 5 G). Two longitudinally arranged middorsal type 1
glandular cell outlets and paired ones in ventromedial position (Fig. 2
A–D). Pairs of sensory spots in subdorsal and ventrolateral positions
(Fig. 2 A–D, 3 F). Subdorsal pair located in the middle of the segment;
ventrolateral pair located near the posterior segment margin. Margins of
the sternal plates midventral extended (Fig. 2 B–D, 3 F). Primary
pectinate fringe reduces in size towards the middorsal region (Fig. 2
A–C).

Segment 11 with a pair of very long lateral terminal spines (Fig. 2
A–D, 3 E, 4 A–B, 5 D). Females with strong and stout pair of lateral
terminal accessory spines (Fig. 2 A–B, 3 E, 4 A, 5 D). Males with three
stout pairs of penile spines: the median ones stouter than the other two
pairs (Fig. 4 B). Two longitudinally arranged middorsal type 1 glandular
cell outlets (2 A and C). Sensory spots in paradorsal and subdorsal po-
sitions (Fig. 2 A–C). The paradorsal pair located posteriorly to the sub-
dorsal ones. Pectinate fringe with short tips, except in lateral margins
where are a bit longer. Tergal extensions short and triangular (Fig. 3 E)
and with hairy mesial areas. The posterior margin of the sternal plates
rounded, similar in length to the tergal extensions.

3.2. Other kinorhynch species

Echinoderes australis sp. nov. occurred with two additional species of
Echinoderes: Echinoderes cf. angustus Higgins and Kristensen, 1988 (one
specimen); and a species with a combination of characters that made
exact identification uncertain, Echinoderes sp. 1 (two specimens). Echi-
noderes cf. angustus and Echinoderes sp. 1 occurred with the new species
in station A5200; whereas E. australis sp. nov. was the single species
found in station A6200.

Echinoderes cf. angustus (Fig. 6 and Table 3)

Material examined: female, collected in 2019/12/19 at South Ork-
ney Trench, Southern Ocean: Station A5200; Coordinates 60◦ 52′
30.000″ S, 41◦ 36′ 2.400″ W; at 5.251 m depth; mounted in DMHF,
deposited at NHMD under catalogue number: NHMD-XXXX.

Table 3
Measurements (μm) and proportions (%) of Echinoderes cf.
angustus. Numbers in the first column indicate the corre-
sponding segment. Abbreviations: CL, cumulative length;
LTAS, lateral terminal accessory spine; LTS, lateral terminal
spine; LVS, lateroventral spine; MDS, middorsal spine; MSW,
maximum sternal width, measured on segment 6; S, segment
length; SW, standard width, measured on segment 10; TL, total
trunk length.

Character ♀ Echinoderes cf. Angustus

TL 316
CL 465
CL/TL 147 %
MSW 6 55
MSW/TL 17 %
SW10 46
S1 36
S2 33
S3 38
S4 40
S5 43
S6 46
S7 51
S8 54
S9 51
S10 45
S11 28
MDS4 52
MDS5 63
MDS6 68
MDS7 77
MDS8 92
LVTu5 –
LVS6 38
LVS7 39
LVS8 42
LVS9 36
LTS 223
LTAS 51
LTS/TL 71 %
LTAS/TL 16 %
LTAS/LTS 23 %

Fig. 6. Light micrographs of female of Echinoderes cf. angustus showing trunk overview and details on the segments 8–11. A: Dorsal view on the neck and segments
1–4; B: Ventral view on the neck and segments 1–4; C: Close-up of midlateral glandular cell outlet type 2 of segments 5; D: Dorsal view on segments 4–7; E: Ventral
view on segments 5–8; F: Midlateral and sublateral glandular cell outlet type 2 on segments 5 and 8, respectively; G: Dorsal view on segments 8–11; H: Close-up of
ventromedial sensory spot of segment 6; I: Close-up of laterodorsal glandular cell outlet type 2 of segment 10; J: Close-up of the pointed, middorsal protuberance of
segment 11; K: Ventral view on segments 9–11; L: Close-up of tergal extensions. Abbreviations: dpl, dorsal placid; ldgco2, laterodorsal glandular cell outlet type 2; lvs,
tateroventral spine; lvtu, lateroventral tube; mds, middorsal spine; mlgco2, midlateral glandular cell outlet type 2; sdgco2, subdorsal glandular cell outlet type 2;
slgco2, sublateral glandular cell outlet type 2; vlgco2, ventrolateral glandular cell outlet type 2; numbers after abbreviations indicate corresponding segment;
glandular cell outlets type 1 are marked as continuous circles, and sensory spots as dashed circles.

N. Sánchez et al. Zoologischer Anzeiger 313 (2024) 315–331 

323 



Fig. 7. Light micrographs of males of Echinoderes sp. 1 showing trunk overview and details on the segments 8–11. A: Dorsal view on the neck and segments 1–5; B:
Close-up of midlateral tube of segment 2; C: Ventral view on the neck and segments 1–4; D: Close-up of ventrolateral and midlateral tubes of segment 2; E: Dorsal
view on segments 5–8; F: Ventral view on segments 5–9; G: Dorsal view on segments 9–11; H: Lateral view on segments 7–8; I: Ventral view on segments 9–11; J:
Close-up of tergal extensions. Abbreviations: latu, lateral accessory tube; ldtu, laterodorsal tube; lvs, tateroventral spine; lvtu, lateroventral tube; mds, middorsal
spine; mltu, midlateral tube; vltu, ventrolateral tube; numbers after abbreviations indicate corresponding segment; glandular cell outlets type 1 are marked as
continuous circles, and sensory spots as dashed circles.
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3.2.1. Brief description
Echinoderes with middorsal spines present on segments 4 to 8, and

spines in lateroventral positions on segments 6 to 9. Tubes in later-
oventral positions on segment 5. Glandular cell outlets type 2 in sub-
dorsal, laterodorsal, sublateral and ventrolateral positions on segment 2,
subdorsals on segment 4, midlateral on segment 5,sublateral on segment
8 and laterodorsal on segment 10.

Adults with head, neck and eleven segments. Overview of measures
and dimensions are given in Table 3.

Segments 1 and 2 as complete cuticular rings (Fig. 6 A and B).
Segment 1 with a single middorsal glandular cell outlet type 1 and a pair
in lateroventral positions (Fig. 6 A and B), plus subdorsal sensory spots.
Segment 2 with subdorsal, laterodorsal, sublateral and ventrolateral
glandular cell outlets type 2, plus a single middorsal glandular cell outlet
type 1 and a pair in ventromedial positions, and subdorsal and ventro-
medial sensory spots (likely also in midlateral positions) (Fig. 6 A and B).
Segment 3 without any conspicuous cuticular structures (Fig. 6 A and B),
except for a single middorsal glandular cell outlet type 1, a pair in
ventromedial positions, plus subdorsal sensory spots (likely also in
sublateral positions). Segment 4 with acicular middorsal spine, sub-
dorsal glandular cell outlets type 2 (Fig. 6 A–D), plus paradorsal and
ventromedial glandular cell outlets types 1, present on this and
following five segments. Segment 5 with acicular middorsal spine and
lateroventral tubes, midlateral glandular cell outlets type 2, and sub-
dorsal and ventromedial sensory spots (Fig. 6 C–F). Segment 6 with
acicular middorsal and lateroventral spines, plus subdorsal and
ventromedial sensory spots (likely also in paradorsal and midlateral

positions) (Fig. 6 D–E, H). Segment 7 with acicular middorsal and lat-
eroventral spines, and ventromedial sensory spots (likely also in para-
dorsal and midlateral positions) (Fig. 6 D–E, G). Segment 8 with acicular
middorsal and lateroventral spines, plus sublateral glandular cell outlets
type 2 (Fig. 6 E–G), and paradorsal sensory spots. Segment 9 with lat-
eroventral spines, and sensory spots in paradorsal, subdorsal and
ventrolateral positions (likely also in midlateral positions) (Fig. 6 G–K).
Rounded, small sieve plates in sublateral positions. Segment 10 with
laterodorsal structure, likely glandular cell outlets type 2 (Fig. 6 G–I),
single middorsal glandular cell outlet type 1 and a pair in ventromedial
positions, plus laterodorsal and ventromedial sensory spots (Fig. 6 G–K).
Posterior edge of segments 1 to 10 with primary pectinate fringe.
Segment 11 with long lateral terminal spines, thin lateral terminal
accessory spines, sensory spots in subdorsal positions and two glandular
cell outlets type 1 located middorsal. Conspicuous protuberance,
pointed forward in middorsal position (Fig. 6 J). Tergal extensions short
and triangular (Fig. 6 L). The posterior margins of the sternal plates
rounded, shorter than tergal extensions.

Echinoderes sp. 1 (Fig. 7 and Table 4)

Material examined: two males, collected in 2019/12/19 at South
Orkney Trench, Southern Ocean: Station A5200; Coordinates 60◦ 52′
30.000″ S, 41◦ 36′ 2.400″ W; at 5.251 m depth; mounted in DMHF,
deposited at NHMD under catalogue number: NHMD-XXXX and NHMD-
XXXX.

3.2.2. Brief description
Echinoderes with middorsal spines present on segments 4, 6 and 8,

and spines in lateroventral positions on segments 6 to 9. Tubes in mid-
lateral and ventrolateral positions on segment 2, lateroventral ones on
segment 5, lateral accessory on segment 8, and laterodorsal on segments
9 and 10. Midlateral tubes on segment 7 to be confirmed.

Adults with head, neck and eleven segments. Overview of measures
and dimensions are given in Table 4.

Segments 1 and 2 as complete cuticular rings (Fig. 7 A–C). Segment 1
with a single middorsal glandular cell outlet type 1 and a pair in later-
oventral positions, sensory spots in subdorsal and laterodorsal positions
(Fig. 7 A–C). Sensory spots on this and following segments are very
small, visible as a single dot or two dots in LM observations. Segment 2
with midlateral and ventrolateral tubes (Fig. 7 B–D), a single middorsal
and a pair of ventromedial glandular cell outlets type 1, plus ventro-
medial sensory spots (Fig. 7 C). Segment 3 with subdorsal sensory spots
(Fig. 7 A), a single middorsal glandular cell outlet type 1 and a pair in
ventromedial positions. Segment 4 with acicular middorsal spine (Fig. 7
A–E), paradorsal and ventromedial glandular cell outlets types 1, pre-
sent on this and following six segments. Segment 5 with lateroventral
tubes (Fig. 7 F). Segment 6 with acicular middorsal and lateroventral
spines, plus sensory spots in paradorsal and ventromedial positions
(Fig. 7 E–F). Segment 7 with lateroventral spines (Fig. 7 F–H), and likely
midlateral tubes in one specimen (Fig. 7 H). Segment 8 with acicular
middorsal and lateroventral spines, lateral accessory tubes (Fig. 7 E–H),
and paradorsal sensory spots. Segment 9 with lateroventral spines, lat-
erodorsal tubes, and sensory spots in subdorsal, laterodorsal and
ventrolateral positions (Fig. 7 E–G, I). Rounded, small sieve plates in
lateral accessory positions. Segment 10 with laterodorsal tubes, two
middorsal glandular cell outlet type 1 and a pair in ventromedial posi-
tions, plus sensory spots in subdorsal and ventrolateral positions (Fig. 7
G–I). Posterior edge of segments 1 to 10 with primary pectinate fringe.
Segment 11 with long lateral terminal spines, three pairs of penile
spines, sensory spots in subdorsal positions and two glandular cell out-
lets type 1 located middorsal. Tergal extensions short and pointed (Fig. 7
J). The posterior margins of the sternal plates rounded, shorter than
tergal extensions.

Table 4
Measurements (μm) and proportions (%) of Echinoderes sp. 1. Numbers in the
first column indicate the corresponding segment. Abbreviations: CL, cumulative
length; LATu, lateral accessory tube; LDTu, laterodorsal tube; LTS, lateral ter-
minal spine; LVS, lateroventral spine; LVTu, lateroventral tube; MDS, middorsal
spine; MLTu, midlateral tube; MSW, maximum sternal width, measured on
segment 6; S, segment length; SW, standard width, measured on segment 10; TL,
total trunk length; VLTu, ventrolateral tube.

Character ♂ Echinoderes sp. 1 ♂ Echinoderes sp. 1

TL 201 214
CL 352 351
CL/TL 175 % 164 %
MSW 6 54 57
MSW/TL 27 % 27 %
SW10 46 46
S1 28 29
S2 24 25
S3 25 25
S4 29 29
S5 32 31
S6 35 34
S7 37 37
S8 39 39
S9 40 42
S10 36 35
S11 27 25
MDS4 – 34
MDS6 54 –
MDS8 86 84
MLTu2 – 16
VLTu2 – –
LVTu5 – –
LVS6 25 29
LVS7 35 34
LVS8 44 40
LATu8 – –
LVS9 41 42
LDTu9 – –
LDTu10 – –
LTS – 151
LTS/TL – 71 %

N. Sánchez et al. Zoologischer Anzeiger 313 (2024) 315–331 

325 



Fig. 8. A–B: Total percentage of kinorhynchs along the vertical profile of the two study sites, A5200 and A6200. C–D: Adult (deep purple) and juvenile (light purple)
density along the vertical profile of the two study sites, A5200 and A6200. E–F: Species percentage along the vertical profile of the two study sites, A5200 and A6200;
Echinoderes cf. angustus (olive green), Echinoderes australis sp. nov (aquamarine green), Echinoderes sp.1 (light green). Numbers in brackets indicate the number of
specimens collected at each layer.
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3.3. Kinorhyncha distribution

The kinorhynch community showed a different arrangement be-
tween the axis (station A6200) and the terrace (station A5200) (Fig. 8).
At the terrace, kinorhynchs were concentrated in the top 1 cm layer of
sediment, whereas axis specimens were distributed more homoge-
neously through the vertical profile, being present in all five depth in-
tervals of 1 cm each. Similar number of specimens, with high a
proportion of juvenile stages, were present at both studied sites: 14
specimens at A5200 (71 % juveniles, 29 % adults), and 17 specimens at
A6200 (59 % juveniles, 41 % adults). All adult specimens from A6200
belonged to the new species. At both stations, juvenile stages appeared
only in the upper depth horizons (Fig. 8): in layers 0-1 and 1-2 at station
A5200; and in layers 0-1, 1-2, and 2-3 at station A6200.

4. Discussion

4.1. Taxonomic remarks of Echinoderes australis sp. nov

E. australis sp. nov. has middorsal spines on segments 4-8 and lat-
eroventral spines on segments 6-9, which is the most common spine
pattern among the genus Echinoderes (Yamasaki et al., 2020).

However, the absence of additional cuticular structures (spines,
tubes or type 2 glandular cell outlets) on segment 2 is in fact an unusual
condition, shared by only two species with the same spine formula,
namely Echinoderes kaempfae Yamasaki et al., 2019 and Echinoderes
pterus Yamasaki et al., 2018a. Nevertheless, E. australis sp. nov. is very
easily distinguishable from these two species, as they both lack the

lateral accessory tube on segment 8, present in the new species.
Furthermore, E. kaempfae is distinguished by its very characteristic long
and pointy tergal extensions while E. pterus has tufts of long hairs arising
from slits on segment 9 (Yamasaki et al., 2018a, 2019), both features
absent in E. australis sp. nov.

Among the echinoderms inhabiting the deep ocean, the new species
shows many similarities with Echinoderes bathyalis Yamasaki et al.,
2018b, Echinoderes dubiosus Sørensen et al., 2018 and E. mamaqucha.
The four species have an identical spine pattern and lateroventral tubes
on segment 5 (Sørensen et al., 2018; Yamasaki et al., 2018b; Grzelak
et al., 2021). Echinoderes mamaqucha shares with E. australis sp. nov. the
presence of lateral accessory tubes on segment 8 andmiddorsal papillary
flaps on segments 8 and 9, but it is the easiest to differentiate from the
new species since it has dorsal and ventral tubes on segment 2 (Grzelak
et al., 2021), a character absent in the species from the South Orkney
Trench. It is more complicated to differentiate E. australis sp. nov. from
E. bathyalis and E. dubiosus, being even difficult to differentiate between
the latter two. In fact, in the original description of E. dubiosus, the
similarity of this species to E. bathyalis was already discussed in detail,
and is even reflected in the naming of the species itself. The main dif-
ference between the two species is the presence of the lateral tube in
segment 8 in E. dubiosus, absent in E. bathyalis, and the slight difference
in length of the lateroventral spine of segment 9, which is longer in
E. dubiosus (Sørensen et al., 2018). Moreover, there are some differences
in the pattern of sensory spots, and E. dubious possesses a papillary flap
on segment 9, a feature absent in E. bathyalis.

Likewise, Echinoderes australis sp. nov. is also very close to both
species, with long spines and with the lateroventral spines of segment 9

Fig. 9. Variation in length of selected measurements of Echinoderes australis sp. nov (aquamarine green), Echinoderes dubiosus (purple) and Echinoderes bathyalis (olive
green). Points mark the values and boxplots mark the median value (horizontal line within the box). Abbreviations: LTS, lateral terminal spine; LV, lateroventral
spine; MD, middorsal spine; TL, total trunk length; numbers after abbreviations indicate corresponding segment.
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extending well beyond segment 11. Especially the new species closely
resembles E. dubious since, in addition to the similarities with the other
congeners mentioned, it has a lateral tube on segment 8 and a papillary
flap on segment 9. However, the new species also has a very conspicuous
papillary flap on segment 8, posterior to the spine, which is absent in
E. dubiosus. More importantly, E. australis sp. nov. lacks completely type
2 glandular cell outlets in segment 2, a character that both E. bathyalis
and E. dubiosus possess. The lengths of the spines on the posterior seg-
ments, both the middorsal and lateroventral ones, are also remarkable
greater compared to those of E. dubiosus and E. bathyalis (Fig. 9): the
average spine length/total length of the middorsal spine of segment 8 is
> 60 % in E. australis sp. nov., whereas the average spine length/total
length is <43 % in E. dubiosus.

There are also differences in the pattern of sensory spots. Although
these structures are not usually used to differentiate species completely,
they have been used for this purpose together with other minor taxo-
nomic differences such as length ratios or type 1 glandular cell outlets.
Thus, E. australis sp. nov. has a different pattern of sensory spots than
E. bathyalis and E. dubiosus, especially on the anterior segments. In
addition, the new species has laterodorsal sensory spots on segments 5
and 6, whereas E. bathyalis lacks sensory spots on those segments in any
lateral position, and E. dubiosus has only sensory spots on segment 5 but
in a sublateral position.

Furthermore, the three species are from deep-sea, but are very far
apart from a biogeographical viewpoint: Echinoderes bathyalis was
described from the Northeast Atlantic, at the Sedlo Seamount;
E. dubiosus was described from the North Pacific Ocean, in the US West
Coast; and the new species is described from the Southern Ocean, in the
South Orkney Trench. The extreme geographical distance between these
morphologically similar species does not automatically accept them as
different species (cosmopolitan and widely distributed species are
known in this animal group; Neuhaus and Sørensen, 2013; Sánchez
et al., 2022), but it is an incentive to accept small morphological dif-
ferences as potentially distinguishing between them.

There is another hadal Echinoderes species not formally described,
Echinoderes sp. 2, reported from the Atacama Trench (Grzelak et al.,
2021). In the referred publication, the authors assumed Echinoderes sp. 2
represents a new species but did not describe it because the information
was based in the examination of a single specimen. Instead of a formal
description, they provided the most relevant morphological characters
of the specimen, which perfectly fits with the morphometrics and
cuticular structures present in E. australis sp. nov. Both species share
spine, tube, glandular cell outlet type 1 and type 2 pattern as well as
middorsal papillary flaps on segments 8 and 9. The only difference is the
presence of a few sensory spots in E. australis sp. nov. that are absent in
Echinoderes sp. 2. A reexamination of the single available specimen of
Echinoderes sp. 2 allowed to identify midlateral structures on segment 5
that can represent sensory spots. Additionally, the presence of later-
odorsal sensory spots of segment 9 was also confirmed and the para-
dorsal pair reported by Grzelak et al. (2021) can be the subdorsal pair
described in E. australis sp. nov. Therefore, based on all abovementioned
similarities, we suggest that the singleton found at the Atacama Trench
and reported as Echinoderes sp. 2 in Grzelak et al. (2021) is identical with
E. australis sp. nov.

4.2. Taxonomic remarks of Echinoderes cf. angustus

The spine, tube, glandular cell outlet type 1 and 2 pattern of the
specimen found in the South Orkney Trench matches that of Echinoderes
angustus (Higgins and Kristensen, 1988). Both species have spines in
middorsal positions on segments 4 to 8 and in lateroventral positions on
segments 6 to 9, tubes in lateroventral positions on segment 5, glandular
cell outlets type 2 in subdorsal, laterodorsal, sublateral and ventrolateral
positions on segment 2, subdorsal on segment 4, midlateral on segment
5, sublateral on segment 8 and laterodorsal on segment 10 (this latter
structure was described as uncertain in Grzelak and Sørensen, 2018). In

addition, the trunk dimensions of the South Orkney Trench specimen fall
within the female size ranges reported in the original description of E.
angustus (Higgins and Kristensen, 1988). However, the re-examination
of type material of E. angustus showed a TL of 405 μm (Grzelak et al.,
2023) and, therefore, larger dimensions than that of the new species.
The spine lengths of the South Orkney Trench specimen do fit within the
female size ranges reported of E. angustus (Higgins and Kristensen,
1988), except for the lateral terminal spines (see Table 3). According to
the description, females of E. angustus have lateral terminal spines be-
tween 140 and 180 μm in length, whereas the size of these spines in the
female of the South Orkney Trench reaches 223 μm. Based on this
remarkable c. a. 25 % difference in the length of the lateral terminal
spines, together with the presence of a conspicuous middorsal structure
of segment 11 in the South Orkney Trench specimen, the absence of the
characteristic midventral thickening of segment 2 of E. angustus, and the
geographical distance between both species (E. angustus has been re-
ported only from the Arctic region), the authors prefer to be cautious
and identify the South Orkney Trench specimen as E. cf. angustus.

4.3. Taxonomic remarks of Echinoderes sp. 1

The presence of laterodorsal tubes on segment 9 is a rare character
within the genus, reported for only nine species: Echinoderes belenae
Pardos et al., 2016; Echinoderes daenerysae Grzelak and Sørensen, 2018;
Echinoderes dalzottoi Grzelak and Sørensen, 2022; Echinoderes frodoi
Grzelak and Sørensen, 2022; Echinoderes gandalfi Grzelak and Sørensen,
2022; Echinoderes hviidarum Sørensen et al., 2018; Echinoderes leduci
Grzelak and Sørensen, 2022; E. ultraabyssalis and in an undescribed
species from the Atacama Trench, named Echinoderes sp. 1 and hereafter
referred to as the undescribed Atacama Trench species to avoid mis-
understandings with the Echinoderes sp. 1 from the South Orkney Trench
(Pardos et al., 2016; Grzelak and Sørensen, 2018; Sørensen et al., 2018;
Adrianov and Maiorova, 2019; Grzelak et al., 2021, 2022). Of them,
E. daenerysae, E. dalzottoi, E. gandalfi, E. hviidarum, E. ultraabyssalis and
the undescribed Atacama Trench species have only two middorsal
spines, on segments 6 and 8 (Grzelak and Sørensen, 2018; Adrianov and
Maiorova, 2019; Grzelak et al., 2021); whereas Echinoderes sp. 1 has
three middorsal spines, on segments 4, 6 and 8. Only three of the
abovementioned species, E. belenae, E. frodoi and E. leduci, have
middorsal spines on segments 4, 6 and 8, tubes in sublateral/lateral
accessory positions on segment 8, in laterodorsal positions on segment 9
and in laterodorsal positions on segment 10 (the latter at least in males)
(Pardos et al., 2016; Grzelak and Sørensen, 2022). E. belenae is easily
distinguished from Echinoderes sp. 1 by very short lateral terminal spines
and a high number of tubes, bearing at least thirteen pairs along the
body (Pardos et al., 2016). The discrimination from E. frodoi and
E. leduci is more complicated as all three have a very similar general
appearance and morphometrics, and proper identification is based pri-
marily on the number and position of tubes on segment 2. Observation of
these tubes can be difficult as their identification depend on the degree
of overlap between adjacent segments, as well as the preservation and
mounting of specimens. E. frodoi has four pairs of tubes on segment 2, in
subdorsal, laterodorsal, sublateral and ventrolateral positions (Grzelak
and Sørensen, 2022); and E. leduci has two pairs of tubes on segment 2, in
laterodorsal and ventrolateral positions (Grzelak and Sørensen, 2022).
Thus, E. leduci fits with Echinoderes sp. 1 in the pattern of spines and
tubes (pending confirmation of the presence/absence of the tube on
segment 7 in Echinoderes sp. 1, which is absent in E. leduci), Moreover,
both species have similar morphometrics (see Table 4), but show
important differences in the arrangement of the sensory spots and in the
type of cuticular hairs and perforation sites.

At this point we cannot forget that our statements about Echinoderes
sp. 1 come from the observation of only two specimens. Taking this into
account as well as the fact that minute sensory spots (like those of the
species under study) and tubes can be difficult to identify (mainly those
of segment 2), the morphological differences of Echinoderes sp. 1 with
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E. frodoi and E. leduci can be due to an inaccurate observation of the
structures in the South Orkney Trench specimens. Therefore, the authors
prefer to leave the species as Echinoderes sp. 1, rather than assigning it to
a previously described species or assuming that it represents a new
species.

4.4. Diversity patterns and distribution of Kinorhyncha in the South
Orkney Trench

It is known that meiofaunal density is inversely proportional to the
seafloor depth. However, several studies carried out in hadal trenches
have revealed that the abundance pattern changes in these environ-
ments, so higher densities than expected are found at depths of 6.000 m
(Danovaro et al., 2002; Jamieson et al., 2010; Schmidt and Martínez
Arbizu, 2015; Leduc et al., 2016). Within trenches the density of or-
ganisms shows a heterogeneous pattern, reaching higher values in the
axis than in the terrace or slopes. This fact is due to axis acts as a
reservoir of organic matter falling from the surface, allowing high mi-
crobial activity (Wenzhöfer et al., 2016; Glud et al., 2021; Xu et al.,
2021) that supports meiofaunal communities (Danovaro et al., 2003;
Glud et al., 2013; Shimabukuro et al., 2022).

Although in our investigation on kinorhynchs of the South Orkney
Trench we studied only two sampling stations, one abyssal on the slope
and one hadal on the axis, the results agree with those found in the
Atacama Trench by Grzelak et al. (2021). If we attend only to the
number of adults, there is a clear tendency of increasing with depth. The
research by Grzelak et al. (2021) did not provide information on the
total abundance of kinorhynchs including juveniles, so it cannot be
compared, but the inclusion of them in the present study balances the
results, blurring the pattern observed only with adults.

In terms of species richness, hadal trenches are characterized by a
small number of species and a high number of endemism specific to each
trench (Wolff, 1960; Belyaev, 1989; Eustace et al., 2016; Perrone et al.,
2002). The Atacama Trench showed this same pattern in terms of the
Kinorhyncha community, which was dominated by a single species
collected only in this trench so far, Echinoderes mamaqucha (Grzelak
et al., 2021). The South Orkney Trench shows a similar pattern, with the
species E. australis sp. nov. dominating the whole community. In addi-
tion, densities of E. australis sp. nov. are higher at the hadal site, as was
the case with E. mamaqucha in the Atacama Trench (Grzelak et al.,
2021). Finally, it is worth mentioning that the Kinorhyncha community
in the South Orkney Trench is not homogeneous, but varies with ba-
thymetry, which has been seen previously in other trenches for meio-
faunal organisms (Kitahashi et al., 2013; Leduc et al., 2016; Schmidt
et al., 2019), including kinorhynchs (Grzelak et al., 2021). In this regard,
the South Orkney Trench has higher diversity in the abyssal zone,
inhabited by three echinoderm species, while only specimens of E.
australis sp. nov. are present in the hadal depth. These results must be
taken with caution due to the low number of samples included in the
research as well as the reduced knowledge of kinorhynch diversity in the
deep ocean in general and in trenches in particular.

4.5. Community structure of Kinorhyncha along the vertical profile in the
South Orkney Trench

Regarding the distribution of the whole kinorhynch community
along the sediment, the specimens are homogeneously distributed in the
axis but unevenly in the terrace (concentrated up to 2 cm depth). This
could be due to a higher oxygen availability in the deeper layers of the
axis caused by bottom sea currents and bioturbation phenomenon of
mega and macrofauna (Callaway, 2006). Our hypothesis is supported by
the unusual abundance of macrofauna organisms found by Sokolova
et al. (1996) in the bottom of the hadal zone of the South Orkney trench,
at depths over 6.000 m.

The high proportion of juveniles compared to adults as well as the
uneven distribution of juveniles along the vertical profile of the

sediment has already been observed in previous studies
(Álvarez-Castillo et al., 2015; Sánchez et al., 2022). The fact that only
juveniles appear in the first sediment horizons while adults are found at
greater depths, independent of the site, could be related to
physical-chemical factors and the anatomy of the animals. It is well
known that most meiofaunal organisms must inhabit at the first few
centimetres of the sediment since the oxygen concentration decreases
rapidly along the vertical profile of the seafloor (Higgins and Thiel,
1988; Sørensen and Pardos, 2020; Neuhaus, 2013). Considering that
oxygen availability acts as a limiting factor for these organisms, we
hypothesize that juveniles may have a greater oxygen demand due to a
higher metabolic activity than adults, leading them to inhabit only the
uppermost layers of the sediment. Another explanation would be related
to a lesser development of juvenile anatomical structures involved in
locomotion (Neuhaus, 2013). As the number of introvert structures in-
creases in the ontogeny, juvenile stages would find it more difficult to
move through the sediment particles of deeper, more compact layers,
relegating these specimens to remain in the upper horizons.
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