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Abstract: The Avilés Canyon System (ACS) is located in the southern Bay of Biscay (northern Spain,
Cantabrian Sea). It has been declared a Site of Community Importance (SCI: C ESZZ12003) within
the Natura 2000 Network and recognized as a Vulnerable Marine Ecosystem (VME). This area is
included in the North Atlantic Marine Subdivision (NAMD). The present study reviews ophiuroid
fauna collected during the INDEMARES-ACS project and compares the new findings with previous
studies using the Official Spanish Checklist (“Inventario Espafiol de Especies Marinas”) to update
our knowledge on the diversity and distribution of these species. During the surveys carried out
within the LIFE + INDEMARES-Avilés Canyon System project (2010-2012), a total of 7413 specimens
belonging to 45 ophiuroid species were collected from 50 stations in a depth range between 266 and
2291 m. The most frequent species was Ophiactis abyssicola (M. Sars, 1861). Comparing the identified
species with public datasets, seven species should be considered as new records for NAMD: Ophiocten
centobi Paterson, Tyler & Gage, 1982, Amphiura borealis (G.O. Sars, 1872), Amphiura fragilis Verrill,
1885, Ophiochondrus armatus (Koehler, 1907), Ophiosabine parcita (Koehler, 1906), Ophiophrixus spinosus
(Storm, 1881), Ophiotreta valenciennesi (Lyman, 1879). Furthermore, one species has expanded its
bathymetric range: Ophiosabine parcita (Koehler, 1906).

Keywords: checklist; Bay of Biscay; INDEMARES; NAMD

1. Introduction

The Avilés Canyon System (ACS) (Figure 1a) (43.87° N and —6.10° W) begins on the
continental slope of the southern edge of the Bay of Biscay in the Cantabrian Sea (Northeast
Atlantic Ocean) and is part of the Spanish Exclusive Economic Zone (ZEE: [1]) and of the
North Atlantic Marine Subdivision (NAMD) (Figure 1b) [2]. It is made up of three main
canyons Avilés, El Corbiro and La Gaviera, with a total extension of 3390 km? [1,3,4]. The
ACS was declared by the Ministry of Agriculture, Food and Environment of Spain [5] (2014)
a Site of Community Importance (SCI: C ESZZ12003) within the framework of the Natura
2000 Network [6,7] and recognized as a vulnerable marine ecosystem (VME: following
the OSPAR Convention for the Protection of the Marine Environment of the Northeast
Atlantic (https:/ /www.ospar.org/convention/text, accessed on 9 January 2024) in whose
communities and habitats echinoderms play a significant role.

The area is influenced by water masses of different origins: Eastern North Atlantic
Central Water (ENACW), Labrador Sea Water (LSW), North Atlantic Deep Water (NAWD)
(the deepest and coldest) and Mediterranean water (MW) that reaches the Bay of Biscay
through the Strait of Gibraltar. In addition, the area also receives water from the Caribbean
and the Gulf Stream (warm and shallow). Therefore, the marine species of the Cantabrian
Sea could have different biogeographic origins [8].
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Figure 1. (a) Area of study. Main canyons and sampling stations with presence of ophiuroids.
(b) Location of the North Atlantic Marine Subdivision (NAMD) and the ACS.

Thanks to the geomorphology of the area and local currents, the study area is rich in
nutrients at different depths [1]. This makes the ACS a favorable place for the settlement of
benthic communities [1,9-11].

Previous taxonomic works on ophiuroids in this area were published by several au-
thors in the late 19th and the 20th centuries. Their studies were carried out on the shelf
at the limit of the slope, but rarely in the canyons: [12,13] (H.M.S. Challenger); [14-16]
(Travailleur and Talisman); [17,18] (Caudan); [19-23] (Princesse Alice; and Hirondelle); [24]
(Huxley); [25] (Michael Sars); [26] (Danish Ingolf Expedition); [27] (Thalassa); [28] (Norat-
lante); [29] (Hespérides 76); [30] (Biogas); and [31] (Cantabrico 83).

Recently, other expeditions have been undertaken with different approaches (fisheries,
ecological and/or protected areas management), such as [32] (COCACE), [1] (LIFE +
INDEMARES-ACS), and [33] (ECOMARG, LIFE + INDEMARES-ACS and SponGES), in
which the Spanish Echinoderms Laboratory of the University of Malaga (SELUMA) has
been involved, giving us the opportunity to study the ophiuroid communities at depths
barely sampled before in the ACS.

2. Material and Methods
2.1. Sampling
LIFE + INDEMARES-ACS surveys consisted of five multidisciplinary surveys (2010

2012), aboard four different vessels (Vizconde de Eza, Thalassa, Ramon Margalef and Angeles
Alvarifio). This study includes ophiuroids collected at a total of 50 stations within a depth
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range between 266 m and 2291 m (from the beginning of the continental slope to the
maximum depth sampled in the bathyal zone (Table 1, Figure 1a) using multiple kinds of
equipment (Table 1).

Table 1. Geographical positions and depth of sampled stations. ST: station, LAT: latitude (decimal
degrees), LON: longitude (decimal degrees), D: depth (m). Below: Data of samplers.

ST LAT LON D ST LAT LON D
A11DR11 43.74 —6.11 560 A410DR20 44.01 —6.57 1387
A11DR3 43.92 —5.77 776 A410DR22 44.09 —5.41 2291
A11DR4 43.99 —5.73 593 A410DR24 44.03 —5.91 1533
A11DR5 43.99 —5.78 908 A410DR3 43.95 —5.83 893
A11DR6 43.94 —5.59 462 A410DR4 43.93 —5.76 700
A11DR7 43.88 —5.91 551 A410DR5 43.93 —5.77 688
A11G02 43.92 —6.25 1051 A410DR6 43.93 —5.77 790
A11G03 43.96 —6.47 1464 A410DRS8 43.78 —6.20 844
A11G05 43.89 —6.13 578 A410DR9 43.82 —6.25 1513
A11G06 44.02 —5.46 1244 A412ROV6 43.98 —5.83 1161
A11G07 43.98 —5.48 990 A710DR1 43.78 —6.17 810
Al1T4 43.96 —5.77 530 A710DR10 43.73 —6.10 342
Al11T5 43.88 —6.14 538 A710DR12 43.78 —6.14 843
Al1Té6 44.02 —5.47 1238 A710DR13 43.97 —5.79 769
A11V01 43.83 —6.20 355 A710DR15 43.99 —5.81 1228
A11V03 43.96 —6.47 1473 A710DR16 44.03 —5.71 928
A11V04 43.96 —5.76 510 A710DR8 43.76 —6.19 800
A11V05 43.89 —6.13 552 A710DR9 43.75 —6.19 626
A11V06 44.02 —5.47 1228 A710V02 43.89 —6.03 401
A11V07 43.98 —5.48 984 A710V03 43.82 —6.20 357
A410DR1 43.87 —6.11 266 A710V04 43.92 —6.24 1015
A410DR12 43.86 —6.43 828 A710V05 43.84 —6.34 783
A410DR15 43.86 —6.26 1660 A710V09 43.93 —5.90 930
A410DR17 43.94 —6.45 1476 A912ROV4B 43.78 —6.17 942
A410DR19 43.96 —6.60 533 A912ROV5A 43.85 —6.26 1576
SAMPLER WIDTH HEIGHT MESH SIZE SPEED SAMPLING SAMPLED

(m) (m) (mm) (knots) TIME (min) AREA (m?)
Rock dredge (DR) 0.8 0.3 10 1.5 5 183.71
Bou de vara (V) 35 0.65 10 2 15 3241
Beam trawl (GOC-73) 19.44 2.68 10 3 30 54,004.32
Supra-benthic sledge (TS) - 0.9 5 1.5 3 ~500

2.2. Systematics

Ophiuroids were sorted and fixed in 70% ethanol, and their identification was based
on morphological characters according to Koehler [34], Fell [35], D’yakonov [36], Mat-
sumoto [37], Mortensen [38] and Paterson [39,40], among others. All taxon names were
checked for relevance and synonymies based on the original descriptions. Ophiuroid
classification was checked in the World Register of Marine Species (WoRMS, accessed on
9 January 2024), and AphialDs (urn:Isid:marinespecies.org:taxname) [41] were included in
new records of species as a link to synonymies. For morphological notations, it followed
Paterson [40].

New records were compared to the known distribution of species using the Official
Spanish Checklist (IEEM: “Inventario Espafiol de Especies Marinas”. Ophiuroidea: [42,43])
related to the NAMD and supported by other open-access databases: GBIF [44], Muséum
National d’Histoire Naturelle [45] (accessed on 9 January 2024), OBIS [46] and the USNM
Invertebrate Zoology Collection (Smithsonian National Museum of Natural History, [47]
accessed on 9 January 2024).
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3. Results

A total of 7413 specimens, which correspond to 45 species, were collected (see Table 2).
The most abundant species (number of specimens) were Ophiocten affinis (Liitken, 1858)
with 4092 specimens and Ophiothamnus affinis Ljungman, 1872 with a total of 1842 speci-
mens. The most frequent one (occurrence by station in which the species is present) was
Ophiactis abyssicola (M. Sars, 1861), present in 24 of 50 stations. Comparing our species with
public databases (OBIS and GBIF accessed on 9 January 2024) and the bibliography, seven
new records were found for the Cantabrian Sea (NAMD) of which one also expands its
bathymetric range: Ophiosabine parcita (Koehler, 1906). Species diagnoses of new records
are described below. Illustrations of historical distribution areas and new records at ACS
are included in Figures beneath.

Order Ophiurida

Family Ophiuridae

Ophiocten centobi Paterson, Tyler & Gage, 1982

AphialD: 124852

Material examined: 1 preserved specimen from station A410DR17.

Diagnostic characters: Disk round with centrodorsal and primary plates very large
and conspicuous, separated by a thin row of small plates (Figure 2a). Twice broader than
long radial shields, contiguous (Figure 2e). Arm comb with stout, pointed and continuous
papillae over the arm base (Figure 2e). Large plates in the ventral interradial area (Figure 2b).
Slightly arched, fan shaped and contiguous dorsal arm plates (without spinelets on the
distal edge) (Figure 2f). Separated ventral arm plates with distal rounded edge and acute
proximally (Figure 2g). Up to 3 tentacle scales proximally, decreasing distally. Three-
pointed arm spines (the dorsalmost is the longest) (Figure 2h). One pointed oral papilla,
from 3 to 4 oral papillae (pointed proximally and block-like distally). Pentagonal oral
shield with rounded distal edge (sometimes with sightly lateral projections) (Figure 2d).
Conspicuous genital slit wholly lined by a row of stout and pointed papillae (Figure 2c).

Distribution: North Atlantic Ocean, Mid-Atlantic Ridge, north of the Bay of Biscay, off
the coast of New York (Figure 3I).

Bathymetric range: 400 m [48]-2837 m (Stohr, S. (MNHN) [45]). Present study: 1476 m.

Remarks: Of the 5 Ophiocten species present in the NAMD (Figure 2a—t; Figure 3a—d),
O. centobi is distinguished from O. hastatum because the latter does not have a developed
arm comb (Figure 2m) and due to the very short oral shield (not reaching the first arm
vertebra) (Figure 2j); from O. affinis due to the length and shape of the arm comb papillae,
short, thick and contiguous in O. centobi (Figure 2e) and long, spiniform and with a double
comb in O. affinis (Figure 2s). Furthermore, the oral shield of O. affinis is much longer
than the oral shield of the rest of the species (Figure 2p). Ophiocten centobi can be clearly
distinguished from Ophiocten sericeum (Forbes, 1852) by the size of the disk plates, larger
in O. centobi (Figure 2a) and very small in O. sericeum (Figure 3d), and the presence of
papillae on the dorsal proximal plates of the arm of O. sericeum (Figure 3d). Finally, it
can be distinguished from Ophiocten abyssicolum (Forbes, 1843) because its dorsal plates
are strongly arched, rectangular and much wider than long; in addition, the first plate
may have papillae (Figure 3b), while in O. centobi they are fan-shaped and may be slightly
arched (Figure 2f).
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Table 2. Taxonomic classification of the species sampled in ACS.

Order Family Scientific Name and Authority

Euryalida Asteronychidae Ljungman, 1867 Asteronyx loveni Miiller & Troschel, 1842

Lamarck, 1816 Euryalidae Gray, 1840 Asteroschema inornatum Koehler, 1906
Ophiomusaidae

O’Hara, Stohr, Hugall, Thuy & Martynov, 2018

Ophiomusa lymani (Wyville Thomson, 1873)
Amphiophiura bullata (Thomson, 1877)

- Ophiopyrgidae Ophiopleura inermis (Lyman, 1878)
Ophiurida . . .
e Perrier, 1893 Ophiuroglypha irrorata (Lyman, 1878)
Miiller & Troschel, 1840 i b lark
O’Hara et al.. 2017 Stegophiura macrarthra H.L. Clark, 1915
sensu v Opbhiocten affinis (Liitken, 1858)
Ophiuridae Ophiocten centobi Paterson, Tyler & Gage, 1982
Miiller & Troschel, 1840 Ophiura (Dictenophiura) carnea Liitken, 1858
Ophiura ophiura (Linnaeus, 1758)
Amphilepididae Matsumoto, 1915 Amphilepis norvegica (Ljungman, 1865)
Amphiura (Amphiura) grandisquama Lyman, 1869
oo Amphiura borealis (G.O. Sars, 1872)
Amphiuridae . e -
Li 1867 Amphiura fragilis Verrill, 1885
jungman, . o
SO Amphiura griegi Mortensen, 1920
Amphilepidida . . .
P Amphiura richardi Koehler, 1896
O’Hara, Hugall, Thuy, I .
Stohr & Martynov, 2017 Ophiactis abyssicola (M. Sars, 1861)
! Ophiactidae Matsumoto, 1915 Ophiactis balli (W. Thompson, 1840)
Opbhiactis nidarosiensis Mortensen, 1920
Ophiothamnidae Histampica duplicata (Lyman, 1875)
O’Hara, Stohr, Hugall, Thuy & Martynov, 2018  Ophiothamnus affinis Ljungman, 1872
Ophiotrichidae Ljungman, 1867 Ophiothrix spp. Miiller & Troschel, 1840
Ophiacantha abyssicola G.O. Sars, 1872
Ophiacantha bidentata (Bruzelius, 1805)
Ophiacantha crassidens Verrill, 1885
Ophiacantha densa Farran, 1913
Ophiacantha lineata Koehler, 1896
Ophiacantha simulans Koehler, 1895
Ophiacanthidae Ophz.ucantha smitti Ljungman, 1872
. . . Ophiacantha veterna Koehler, 1907
Ophiacanthida Ljungman, 1867 .
; Ophiochondrus armatus (Koehler, 1907)
O’Hara, Hugall, Thuy, L L
Stohr & Martynov, 2017 Ophiolimna bairdi (Lyman, 1883)
! Ophiomitrella globifera (Koehler, 1895)
Ophiosabine aristata (Koehler, 1895)
Ophiosabine cuspidata (Lyman, 1878)
Ophiosabine notata (Koehler, 1906)
Ophiosabine parcita (Koehler, 1906)
Ophiobyrsidae Matsumoto, 1915 Ophiophrixus spinosus (Storm, 1881)
Ophiotomidae Paterson, 1985 Ophiotreta valenciennesi (Lyman, 1879)
Ophiomyxidae Ljungman, 1867 Ophiomyxa serpentaria Lyman, 1883
Ophioleucida Lo
Ophiernidae . )
O’Hara, Hugall, Thuy, ) N Ophiernus vallincola Lyman, 1878
Stohr & Martynov, 2017 O’Hara, Stohr, Hugall, Thuy & Martynov, 2018
Ophioscolecida Ophiohelidae Perrier, 1893 Ophiomyces grandis Lyman, 1879
O’Hara, Hugall, Thuy, . . N Ophiolycus purpureus (Diiben & Koren, 1846)
Stohr & Martynov, 2017 Ophioscolecidae Liitken, 1869 Opbhioscolex glacialis Miiller & Troschel, 1842
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Figure 2. Ophiocten centobi: (ID: 124852) (a) Dorsal view of the disk. Scale bar: 1 mm. (b) Ventral
view of the disk. Scale bar: 0.5 mm. (c) Papillae of the genital slit. Scale bar: 0.15 mm. (d) Jaw. Scale
bar: 0.25 mm. (e) Radial shields and combs. Scale bar: 0.15 mm. (f) Dorsal arm plate. Scale bar:
0.15 mm. (g) Ventral view of arm plates. Scale bar: 0.15 mm. (h) Arm spines. Scale bar 0.25 mm.
Ophiocten hastatum: (ID: 124854) (i) Dorsal view of the disk. Scale bar: 1.5 mm. (j) Ventral view of
the disk. Scale bar: 1.5 mm. (k) Dorsal arm plates. Scale bar: 0.5 mm. (1) Ventral arm plates. Scale bar:
0.25 mm. (m) Arm combs. Scale bar: 0.25 mm. (n) Arm spines. Scale bar 0.5 mm. Ophiocten affinis:
(ID: 124850) (0) Dorsal view of the disk. Scale bar: 1.5 mm. (p) Ventral view of the disk. Scale bar:
1.5 mm. (q) Dorsal arm plates. Scale bar: 0.25 mm. (r) Ventral arm plates. Scale bar: 0.25 mm. (s) Arm
combs. Scale bar: 0.5 mm. (t) Arm spines. Scale bar 0.5 mm.
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Figure 3. (I) Species distribution map. Ophiocten abyssicolum: (a) Ventral sketch of the disk.
(b) Dorsal sketch of the disk. Scale bar: 1 mm. (Adapted and modified from Paterson et al. [39]).
Ophiocten sericeum: (c) Ventral sketch of the disk. (d) Dorsal sketch of the disk. Scale bar: 1 mm.
(Adapted and modified from Paterson et al. [39]).

Order Amphilepidida

Family Amphiuridae

Amphiura borealis (G.O. Sars, 1872)
AphialD: 125071
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Material examined: 4 preserved specimens from stations A11T5, A710DR10.

Diagnostic characters: Rounded to subpentagonal disk covered with small scales
(naked ventrally), centrodorsal and primary plates inconspicuous. Radial shields three
times longer than broad and contiguous only distally (Figure 4a). Block-shaped to conical
infradental papillae, first tentacle pore in the mouth slit with a spiniform tentacle scale
(Figure 4b). Two small and block-like oral papillae. Adoral shields wing-shaped and
separating oral shield from first ventral arm plate (sometimes obscured by skin). Rounded
triangular oral shield (Figure 4c). Rounded dorsal arm plates, almost contiguous (Figure 4d).
Hexagonal to rectangular ventral arm plates, contiguous (Figure 4b). Large tentacle pores
with no tentacle scales (Figure 4e). Four arm spines proximally (Figure 4f), the second
ventralmost, flattened with an axe-shaped tip (Figure 4e,f).

Distribution: North Atlantic Ocean, Norway, Faroe Islands, Iceland (Figure 4I).

Bathymetric range: 99 m [48]-878 m (Swedish Museum of Natural History (NRM)
Stohr, S) [48]. Present study: 342 m-538 m.

Remarks: see below in Amphiura fragilis remarks

Amphiura fragilis Verrill, 1885

AphialD: 125081

Material examined: 1 preserved specimen from station A710V02.

Diagnostic characters: Rounded pentagonal disk, covered by plates. Centrodorsal and
primary plates visible in small individuals. Naked ventral area (Figure 41). Radial shields
three times as long as wide and separated (Figure 4g). Dorsal arm plates rounded to hexag-
onal, not contiguous (Figure 4j). Hexagonal/pentagonal ventral arm plates, contiguous
(Figure 4h). Large tentacle pores, with no tentacle scales (Figure 4h). It has 6 to 7 arm spines
(4 distally), rough, with serrated and/or hooked ends (Figure 4k). Two infradental papillae,
conical (in small individuals) and cubic (in large ones); small, spiny, or scale-shaped oral
papilla. Adoral shields wing-shaped. Rounded triangular oral shield, sometimes with a
small distal lobe (Figure 41i).

Distribution: North Atlantic Ocean, east coast of USA, Labrador Sea, Iceland, Faroe
Islands, north of British Isles (Figure 4I).

Bathymetric range: 23 m [48]-2683 m [49]. Present study: 401 m.

Remarks A. fragilis versus A. borealis: Of the 10 species of Amphiura previously cited
in the NAMD (Figures 51 and 61I), 3 of them have been found at the sampled stations
(Figure 1la, Tables 1 and 2) and another 2, Amphiura chiajei Forbes, 1843 (Figure 6a—e)
and Amphiura otteri Ljungman, 1872 (Figure 6f-k), in nearby areas not included in this
study. Both A. fragilis and A. borealis lack tentacle scales in the tentacle pores of the arm
(Figure 4b,h) and share this character with the species Amphiura abyssorum Norman in
Jeftreys, 1876 and Amphiura filiformis (O.FE. Miiller, 1776). The rest of the species have
1 tentacle scale (A. grandisquama (Figure 5d)) or 2 (Figure 5i,n and Figure 6¢,i). Of those
4 species without tentacle scales, A. abyssorum has simple arm spines and the other 3 have
modified arm spines. In the case of A. fragilis, it has spines that are rough or have serrated
edges (Figure 4k), while in A. borealis and A. filiformis we found 1 or more than 1 (in the case
of A. filiformis), flattened, rough spines with a hyaline, axe-shaped distal end (Figure 4ef).
Note: all the specimens identified as A. borealis have 6 arm spines (Figure 4f), which differs
from the original description, but the rest of the characteristics conform to it.
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Figure 4. Amphiura borealis: (ID: 125071) (a) Dorsal view of the disk. *: Radial shields. Scale bar:
1 mm. (b) Ventral view of the disk. *: Ventral arm plate. Arrowhead: Absent tentacle scales. Scale bar:
1 mm. (c) Jaw. Scale bar: 0.25 mm. (d) Dorsal arm plates. Scale bar: 0.25 mm. (e) Modified axe-shaped
arm spine. Scale bar: 0.25 mm. (f) Arm spines. Scale bar 0.25 mm. Amphiura fragilis: (ID: 125081)
(g) Dorsal view of the disk. *: Radial shields. Scale bar: 1 mm. (h) Ventral view of the disk. *: Ventral
arm plate. Arrowhead: Absent tentacle scales. Scale bar: 1 mm. (i) Jaw. Scale bar: 0.25 mm. (j) Dorsal
arm plates. Scale bar: 0.25 mm. (k) Rugose arm spines. Scale bar: 0.25 mm. (1) Interradial ventral
triangle. Scale bar 0.25 mm. (I) Species distribution map.
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* Amphiura richardi

Amphiura griegi
*  Amphiura otteri
* Amphiura grandisquama
- Amphiura chiajei

Figure 5. Amphiura grandisquama: (ID: 125083) (a) Dorsal view of the disk. *: Radial shields. Scale
bar: 1 mm. (b) Ventral view of the disk. Scale bar: 1 mm. (c) Jaw. Scale bar: 0.25 mm. (d) Ventral
arm view. *: Ventral arm plate. Arrowhead: Tentacle scale. Scale bar: 0.25 mm. (e) Arm spines. Scale
bar 0.25 mm. Amphiura griegi: (ID: 125084) (f) Dorsal view of the disk. *: Radial shields. Scale bar:
1 mm. (g) Ventral view of the disk. Scale bar: 1 mm. (h) Jaw. Scale bar: 0.25 mm. (i) Ventral arm view.
Arrowhead: Tentacle scales. Scale bar: 0.25 mm. (j) Dorsal arm plates. Scale bar: 0.25 mm. Amphiura
richardi: (ID: 125094) (k) Dorsal view of the disk. *: Radial shields. Scale bar: 1 mm. (1) Ventral view
of the disk. Scale bar: 1 mm. (m) Jaw. Scale bar: 0.25 mm. (n) Ventral arm view. Arrowhead: Tentacle
scales. Scale bar: 0.5 mm. (0) Arm spines. Scale bar 0.5 mm. (p) Dorsal arm plates. Scale bar: 0.5 mm.
(I) Species distribution map.
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* Amphiura semiermis

* Ampbhiura abyssorum
Amphiura tritonis

* Amphiura cherbonnieri

- Amphiura filiformis

Figure 6. Amphiura chiajei: (ID: 125073) (a) Dorsal view of the disk. Scale bar: 2 mm. (b) Ventral
view of the disk. Scale bar: 2 mm. (c) Jaw. Ventral arm view. Arrowhead: Tentacle scales. Scale
bar: 1 mm. (d) Dorsal arm plates. *: Radial shields. Scale bar: 1 mm. (e) Arm spines. Scale bar:
0.25 mm. Amphiura otteri: (ID: 125092) (f) Dorsal view of the disk. *: Radial shields. Scale bar:
0.25 mm. (g) Ventral view of the disk. Jaw. Scale bar: 0.5 mm. (h) Interradial ventral triangle. Scale
bar: 0.5 mm. (i) Ventral arm view. Arrowhead: Tentacle scales. Scale bar: 0.25 mm. (j) Arm spines.
Scale bar: 0.25 mm. (k) Dorsal arm plates. Scale bar: 0.25 mm. (II) Species distribution map (part II).

Order Ophiacanthida
Family Ophiacanthidae
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Ophiochondrus armatus (Koehler, 1907)

AphialD: 125016

Material examined: 15 preserved specimens from stations A11DR5, A410DRS,
A412ROV6.

Diagnostic characters: Rounded disk, excavated in the interradial area, covered with
small plates, each carrying a short, thick and rugose-tipped spinelet on the dorsal side
(Figure 7a). Protrusive radial shields rib-shaped, long and narrow and more evident at
the edges (Figure 7b). Wide genital slits (Figure 7d). One thick apical papilla flanked by
3—4 thin, conical and pointed oral papillae. Small rounded/triangular oral shield, broader
than long. Large, thick and short adoral shield (Figure 7f). Contiguous dorsal arm plates
divided by a transversal furrow, small and square proximal portion and fan-shaped and
large distal one (Figure 7c). First ventral arm plates longer than broad and hexagonal, next
ones slightly pentagonal, longer than broad and contiguous, without tentacle scales in
tentacle pores (Figure 7e). Five short arm spines, the dorsalmost with the greater length
(Figure 7g).

Distribution: North Atlantic Ocean, Florida, Azores (Figure 71).

Bathymetric range: 230 m [48]-1250 m [21]. Present study: 844 m—-1161 m.

Remarks: Ophiochondrus armatus is easily distinguished from the other species of the
genus by the dorsal arm plates, divided transversely in the case of O. armatus (Figure 7c) and
simple in the rest of the species (Figure 7II). Paterson [40] also found a similarity with the
species Ophiolebes retecta (Koehler, 1895) since they share the characteristic of transversely
divided dorsal arm plates and a similar jaw and radial shields. But the ornamentation of
the disk in O. retecta comprises low granules, while in O. armatus it comprises spinelets
with a rugose tip. Furthermore, the dorsal arm plates of O. armatus are contiguous, and
in O. retecta they are separated. Note: Ophiochondrus armatus specimens found have up to
7 arm spines (Figure 7g) instead of the 5 arm spines described above. Ophiosabine parcita
(Koehler, 1906)

AphialD: 1574975

Material examined: 10 preserved specimens from station A410DR17.

Diagnostic characters: Round disk covered by simple spinelets (Figure 8w) with a
multipointed crown (up to 8 points) (Figure 8z,). Visible radial shields in some specimens.
Ventral interradial areas also with spinelets (Figure 8x). One pointed apical papilla flanked
by 3 oral papillae, the distalmost enlarged. Distinct oral shield with a rounded proximal
edge and a convex distal one, rounded with a slight projection (Figure 8z3). Wide and
slightly flattened arms. Triangular dorsal arm plates and almost contiguous proximally
(Figure 8z1). Short pentagonal ventral arm plates, contiguous proximally (Figure 8y, *).
Lateral and ventral arm plates with transverse ridges. One rounded flat tentacle scale in
each tentacle pore. Up to 10 arm spines, short and slightly rugose (Figure 8z).

Distribution: North Atlantic Ocean, Cape Verde, near Faroe Islands (Figure 8I).

Bathymetric range: 615 m [15]-749 m [50]. Present study: 1476 m.

Remarks: We have found 4 species of Ophiosabine (Figure 8a—z3). Of these 4, including
both O. notata (Figure 8t) and O. parcita (Figure 8y), have striations on the ventral and
lateral plates of the arm. But they differ in the shape of the disk spinelets, with a wider
crown and more points (Figure 8uj,u;) in the case of O. notata, compared to O. parcita
(Figure 8z7) with a narrower crown and up to 8 points. They also differ in the shape of
the oral shield, with a proximal obtuse edge and a convex distal edge in the case of O.
notata (Figure 8v) and rounded proximally with a distal projection in the case of O. parcita
(Figure 8z3). Furthermore, the adoral shields in O. parcita are short and almost form a right
angle between them and the oral shield (Figure 8z3), while in O. notata they have a slight
wing shape and a pointed distal end (Figure 8v).
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 Ophiochondrus armatus

* Ophiochondrus crassispinus
« Ophiochondrus gracilis
Ophiochondrus convolutus

Figure 7. Ophiochondrus armatus: (ID: 1574975) (a) Dorsal view of the disk. Scale bar: 1.5 mm.
(b) Radial shields. Scale bar: 0.75 mm. (c) Dorsal arm plates. Scale bar: 0.5 mm. (d) Ventral view
of the disk. Scale bar: 2 mm. (e) Ventral view of the arm. Scale bar: 0. 5 mm. (f) Jaw. Scale bar:
0.5 mm. (g) Arm spines. Scale bar 0.5 mm. (I) Species distribution map. (II) Dorsal arm plates of
Ophiochondrus crassispinus Lyman, 1883. (Adapted and modified from Lyman [51]).
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¢ Ophiosabine parcita
* Ophiosabine notata

* Ophiosabine cuspidata
* Ophiosabine aristata

Figure 8. Ophiosabine aristata: (ID: 1574968) (a) Dorsal view of the disk. Scale bar: 1 mm. (b) Ventral
view of the disk. Scale bar: 1 mm. (c) Jaw. Scale bar: 0.25 mm. (d) Ventral view of the arm. Scale bar:
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0.25 mm. (e) Arm spines. Scale bar 0.1 mm. (f) Disk ornament spinelets. Scale bar: 0.1 mm. (g) Tentacle
scale. Scale bar: 0.2 mm. (h) Dorsal arm plates. Scale bar: 0.25 mm. Ophiosabine cuspidata: (ID:
1574970) (i) Dorsal view of the disk. Scale bar: 2 mm. (j) Ventral view of the disk. Scale bar: 2 mm.
(k) Disk ornament spinelets. Scale bar: 0.15 mm. (1) Ventral arm view. *: Ventral arm plate. Arrowhead:
Tentacle scales. Scale bar 0.25 mm. (m) Dorsal arm plates. Scale bar: 0.5 mm. (n) Arm spines. Scale bar:
0.25 mm. (o) Jaw. Scale bar: 0.25 mm. Ophiosabine notata: (ID: 1574974) (p) Dorsal view of the disk.
Scale bar: 1.5 mm. (q) Ventral view of the disk. Scale bar: 1.5 mm. (r) Dorsal arm plates. Scale bar:
0.12 mm. (s) Arm spines. Scale bar 0.5 mm. () Ventral arm view. *: Ventral arm plate. Arrowhead:
Tentacle scales. Scale bar: 0.12 mm. (u;) Disk ornament spinelets. Scale bar: 0.1 mm. (u) Cenital
view of the disk spinelets. Scale bar: 0.1 mm. (v) Jaw. Scale bar: 0.5 mm. Ophiosabine parcita: (ID:
1574975) (w) Dorsal view of the disk. Scale bar: 1 mm. (x) Ventral view of the disk. Scale bar: 1 mm.
(y) Ventral arm view. *: Ventral arm plate. Arrowhead: Tentacle scales. Scale bar: 0.25 mm. (z) Arm
spines. Scale bar: 0.5 mm. (z1) Dorsal arm plates. Scale bar: 0.25 mm. (z) Disk ornament spinelets.
Scale bar: 0.1 mm. (z3) Jaw. Scale bar: 0.2 mm. (I) Species distribution map.

Family Ophiobyrsidae

Ophiophrixus spinosus (Storm, 1881)

AphialD: 125146

Material examined: 1 preserved specimen from station A410DR8.

Diagnostic characters: Rounded, raised disk covered by thick skin (Figure 9a,b), with
small spines scattered on plates (Figure 9a). Short radial shields bar-shaped and covered
by a row of well-developed spines along their entire length (Figure 9c¢). Jaws covered by
skin, up to 3 apical papillae, flanked by 3 lower oral papillae. The second pore emerges
in the mouth without associated scales. Rhombic/rounded oral shield (Figure 9d). Arms
covered by skin, 2 oval dorsal arm plates (Figure 9¢), pentagonal/rounded ventral arm
plates Very large tentacle pores without scales (Figure 9f). Five rough arm spines covered
by skin (Figure 9g).

Distribution: North Atlantic Ocean, British Isles, Faroe Islands, Iceland, off the coast
of Morocco (Figure 91).

Bathymetric range: 377 m [50]-1405 [48]. Present study: 844 m.

Remarks: Ophiophrixus spinosus species is easily distinguished from the rest by its thick
skin with scattered plates and spines covering the disk (Figure 9a,b), the radial shields with
a row of spines (Figure 9c) and its characteristic dorsal arm plates, divided longitudinally
by a groove along the entire arm into 2 small oval plates (Figure 9e). For example, in the
case of the species Ophiophrixus quadrispinosus (Koehler, 1914), also present in the North
Atlantic, there are no spines on the disk or on the radial shields, and it does not have dorsal
arm plates, only a slightly calcified integument.

Family Ophiotomidae

Ophiotreta valenciennesi (Lyman, 1879)

AphialD: 244220

Material examined: 1 preserved specimen from station A11DR?7.

Diagnostic characters: Round disk, wholly covered by rugose low granules dorsally
(Figure 10a) and in the ventral interradial areas (Figure 10b). Only radial shield tips visible.
One or 2 apical papillae flanked each side by up to 6 pointed to scale-like papillae. Slightly
wing-shaped adoral shields. Large and rounded arrow-shaped oral shield (Figure 10c).
Contiguous and bell-shaped dorsal arm plates (sometimes with a distal lobe with small
spines on the edge) (Figure 10d). Almost pentagonal ventral arm plates wider than long.
Large tentacle pores armed with 2 scale-like and flat tentacle scales (1st tentacle pores
sometimes with 3 tentacle scales) (Figure 10e). Seven to eight flattened, finely rugose and
square-tipped arm spines, not forming a fan in proximal segments (Figure 10f).
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* Ophiophrixus spinosus

* Ophiophrixus quadrispinosus
T

Figure 9. Ophiophrixus spinosus: (ID: 125146) (a) Dorsal view of the disk. Scale bar: 5 mm. (b) Ventral
view of the disk. Scale bar: 5 mm. (c) Radial shields. Scale bar: 0.5 mm. (d) Jaw. Scale bar: 1 mm.
(e) Dorsal view of the arm. Scale bar: 0.25 mm. (f) Ventral view of the arm. Scale bar: 0.3 mm. (g) Arm
spines. Scale bar 0.3 mm. (I) Species distribution map.

Distribution: Gulf of Mexico, Caribbean Sea, northwest Africa, New Caledonia, Japan,
Taiwan, Philippines, Indonesia, New Zealand, Galapagos Islands, Hawaii, Mediterranean
Sea [52] (Figure 10I).

Bathymetric range: 22 m [48]-1901 m [53]. Present study: 551 m.

Remarks: Ophiotreta valenciennesi can be distinguished from the other species of
Ophiotreta present in the Bay of Biscay, Ophiotreta spectabilis (G.O. Sars, 1872) (Figure 10g-1),
by the ornamentation of the disk, being low granules in O. valenciennesi (Figure 10a) and
elongated and rough rods with a narrow 3-pointed crown (Figure 10g). They also differ in
the dorsal arm plates, separated in O. spectabilis (Figure 10j) and contiguous (sometimes
with granules at the distal end) in O. valenciennesi (Figure 8d). In O. spectabilis the oral shield
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is rounded pentagonal/oval with short spinelets or granules on the distal edge (Figure 10i),
while in O. valenciennesi it is arrow-shaped (sometimes rounded) (Figure 10c).

Figure 10. Ophiotreta valenciennesi: (ID: 244220) (a) Dorsal view of the disk. Scale bar: 2 mm.
(b) Ventral view of the disk. Scale bar: 1.5 mm. (c) Jaw. Scale bar: 0.3 mm. (d) Dorsal arm plates.
Scale bar: 1 mm. (e) Ventral arm view. *: Ventral arm plate. Arrowhead: Tentacle scales. Scale bar:
0.5 mm. (f) Arm spines. Scale bar 1 mm. Ophiotreta spectabilis: (ID: 1589839) (g) Dorsal view of
the disk. Scale bar: 2 mm. (h) Ventral view of the disk. Scale bar: 1 mm. (i) Jaw. Scale bar: 0.4 mm.
(j) Dorsal arm plates. Scale bar: 0.25 mm. (k) Ventral arm view. *: Ventral arm plate. Arrowhead:
Tentacle scales. Scale bar: 0.4 mm. (1) Arm spines. Scale bar 0.25 mm. (I) Species distribution map.

4. Discussion

Despite the scarcity of studies on ophiuroids from Spanish waters, some ophiuroid
checklists are available. The most important one is that of the IEEM (Ophiuroidea [42,43]).
This checklist was compiled based on the creation of a series of geographic polygons that de-
limited the Spanish waters, and among them NAMD was defined, where the ACS is located
(Figure 1b). This checklist is considered as a great effort toward making a complete list
which includes all records of species collected in the area from different surveys (own data
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or campaign reports) and records from bibliographic references, among other resources.
Many of these records are not ratified by specialists, which makes it more difficult to ana-
lyze their reliability. However, this is the first attempt at building a showcase for Spanish
marine diversity studies, and therefore it should be extensively revised and improved. In
the near future, thirteen species should be add to the IEEM as result of the records from the
bibliography and a deep dataset review at the study area: Amphiophiura bullata, Stegophiura
macrarthra, Ophiocten centobi, Amphiura borealis, Amphiura fragilis, Ophiacantha crassidens,
Ophiochondrus armatus, Ophiolimna bairdi, Ophiosabine cuspidata, Ophiosabine parcita, Ophio-
phrixus spinosus, Ophiotreta valenciennesi and Ophiolycus purpureus. Moreover, seven more
species could be included as new records for the NAMD (based on the present study):
Ophiocten centobi, Amphiura borealis, Amphiura fragilis, Ophiosabine parcita, Ophiochondrus
armatus, Ophiophrixus spinosus and Ophiotreta valenciennesi. Although these last three were
already cited in a previous publication [33], the morphological and bathymetric details
were not included, nor was a comparison of the taxonomic characteristics with those of
very similar species conducted to rule out a misidentification.

Although there are some species of the genus Ophiocten present all around the area
(Figure 2), such as O. hastatum, O. affinis and O. sericeum, O. centobi had not been collected
within the Bay of Biscay; it was recorded just within the limit in deep bottoms (Figure 3I).
This species typically lives in deeper bottoms than those sampled before in the area, and
the study of the canyons enabled us to find it.

Ten species of the genus Amphiura have been recorded in NAMD (see Figures 4-6);
among them, only two lack tentacle scales (like the new records A. borealis and A. fragilis
(Figure 4)): A. abyssorum and A. filiformis. These four species could be identified by paying
attention to the arm spine shape (see remarks above), although all the specimens identified
as A. borealis have 6 arm spines (Figure 4f). We do not think this difference from the original
description is enough to describe a new species; however, we try to describe this variability
present in the four specimens from ACS as well as in 4 specimens sampled by other surveys
and projects in nearby areas, which will be included in future papers. On the other hand,
the O. borealis distribution area is almost Arctic-circumpolar, which makes us think our
specimens could be assigned to O. filiformis (with a wider distribution area) (Figure 61I),
taking into account the variability in the number of arm spines (5-7), but all specimens
meet the O. borealis description, and they only have one axe-shaped arm spine per segment.

The closest records of Ophiochondrus armatus to the study area are in British waters
(Mortensen, 1927) and the mid-Atlantic [22], but Mortensen [38] already noted that these
records could not be the same species. The problem lies mainly with respect to two
characteristics: divided dorsal arm plates and disk ornament. Divided dorsal arm plates
are a character shared with Ophiolebes retecta, a species also distributed in our study area,
and this may lead to misidentifications. Our specimens were identified on the basis of
disk spines—in O. rectecta, these ornaments are described as granules—and divided and
contiguous dorsal arm plates (Figure 7).

The most common species of the genus Ophiosabine in our area is O. aristata, followed
by O. notata. The distribution range of O. parcita is outside of the Bay of Biscay and quite
restricted. It has only two records: one in the north of British waters and another in the
mid South Atlantic Ocean. Although O. notata and O. parcita have striations on the ventral
and lateral plates of the arm, these three species are easy to separate based on two constant
characteristics: the shape of the disk spinelets (Figure 8uj,uy) and the shape of the oral
shield (Figure 8v,z3). Despite the differences in morphology that could be identified, the
number of specimens recorded (10 specimens, and more in other projects on the Galicia
Bank: 4 specimens) and the adjustment of its morphology to the original description [15],
maybe O. parcita has been confused with O. aristata, which is the most frequent species in
the area.

Ophiophrixus is a genus which only contains four species, O. acanthinus H.L. Clark, 1911,
and O. confinis Koehler, 1922 (Pacific Ocean distribution), and two Atlantic species (Figure 9),
O. quadrispinosus and O. spinosus. Although these last species present similar morphologies,
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our specimen has spines on the disk and on the radial shields and conspicuous dorsal
plates, so it was identified as O. spinosus. Nevertheless, O. spinosus is not a very frequent
species; it has mostly been found in North Atlantic/circumpolar Arctic waters, although
there is a record off Morocco. This is the first record from the Bay of Biscay.

Finally, Ophiotreta spectabilis seems to prefer colder waters than O. valenciennesi (see
distribution map in Figure 10); however, O'Hara et al. [54] have described the presence of
O. spectabilis in Solenosmilia Duncan, 1873 corals, and so it is typically found deeper than
O. valenciennesi, at least in the distribution area (from the North Atlantic all the way to
Australia) following Victorero et al. [48]. In any case, a detailed study of the dorsal plates
and oral shield among other characters lead us to identify this specimen as O. valenciennesi,
and report it as a new record.

Author Contributions: A.M.-R.: writing, review and editing, writing original draft, visualization,
software, resources, methodology, investigation, formal analysis, data curation, and conceptualization.
L.M.G.-G.: writing, review and editing, writing original draft, visualization, resources, methodology,
investigation, formal analysis, data curation, and conceptualization. M.E.M.-C.: writing review and
editing, writing original draft, validation, supervision, software, resources, methodology, investiga-
tion, funding acquisition, formal analysis, data curation, and conceptualization. All authors have
read and agreed to the published version of the manuscript.

Funding: This research has been conducted within the LIFE + INDEMARES ACS project coordinated
by the Biodiversity Foundation of the Ministry Agriculture, Food and Environment, the European
Union’s LIFE program, and also the Spanish Ministry of Environment through a management
agreement with the Spanish Institute of Oceanography (IEO) and the University of Malaga. We
want to recognize the efforts of Francisco Sanchez and Alberto Serrano to provide the means of
funding this study through the Transferring Office of the University of Malaga under contract no.
2013/0032460-80625/47.6006. The APC was funded by University of Malaga (Avd. Cervantes, 2,
29071, Malaga).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy.

Acknowledgments: We would like to thank Pilar Rios and Javier Cristobo for all their support
throughout the development of this work, as well as the work done on different campaigns.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Sanchez-Delgado, F.; Gomez-Ballesteros, M.; Parra-Descalzo, S.; Cristobo, J.; Serrano, A.; Druet-Vélez, M.; Rivera, J. Caracterizacion
Ecoldgica del Area Marina del Sistema de Cafiones Submarinos de Avilés. Inventario y Designacion de la Red Natura 2000 en Areas Marinas del
Estado Espariol; Sede Central IEO; Instituto Espariol de Oceanografia, Coordinacion: Fundacion: Biodiversidad, Madrid, Spain, 2014.
Lavin, A ; Valdés, L.; Sanchez, F.; Abaunza, P.; Punzén, A.; Bellas, J.; Parra, S.; Lens, S.; Besada, V.; Vifias, L.; et al. Estrategia Marina:
Demarcacion Marina Noratlantica, Parte I. Marco General, Evaluacion Inicial y Buen Estado Ambiental; Ministerio de Agricultura,
Alimentacion y Medio Ambiente: Madrid, Spain, 2012.

Cristobo, J.; Rios, P; Sanchez, F.; Pereiro-Mufioz, ].A.; Polonio-Povedano, V.; Gonzalez, D.; Parra-Descalzo, S. Diversity of Sponges
in Bathial Coral Reefs of a Subsidiary Canyon of Aviles Canyon Complex (Cantabric Sea); Oceanographic Center: Gijon, Spain, 2010.
Orejas, C.; Sanchez, F; Serrano, A.; Aguilar, R.; Cristobo, J.; Altuna, A.; Gonzalez-Pola, C.; Ruiz-Villarreal, M.; Rio, G.; Druet, M.;
et al. El Cafién Submarino de Avilés: Una Primera Aproximacion a sus Caracteristicas fisicas ya Sus comunidades Benténicas. In
XVI Simposio Ibérico de Estudios de Biologin Marina; MITECO: Alicante, Spain, 2010; pp. 6-10.

Ministry of Agriculture, Food and Environment. BOE Orden. 2280/2014, de 1 de Diciembre, por la Que se Aprueba la Propuesta de
Inclusion en la Lista de Lugares de Importancia Comunitaria de la Red Natura 2000 de los Espacios Marinos ESZZ12003 Sistema de Cafiones
Submarinos de Avilés, ESZZ16003 Sur de Almeria-Seco de los Olivos, ESZZ16005 Espacio Marino de Alborin, ESZZ16004 Espacio Marino
de Illes Columbretes y ESZZ15001 Banco de la Concepcion; Ministry of Agriculture, Food and Environment: Madrid, Spain, 2014.
Ministry of Agriculture, Food and Environment. BOE-A-2017-2401. Resolucion de 17 de Febrero de 2017, de la Secretaria de Estado de
Medio Ambiente, por la que se Establecen Tres Listas Patron: La de las Especies Terrestres, la de las Especies Marinas y la de los Habitats
Terrestres, Presentes en Espafia; Ministry of Agriculture, Fisheries, Food and Environment: Madrid, Spain, 2017.

Ministry for the Ecological Transition and the Demographic Challenge. BOE-A-2020-16499. Resolucién de 3 de Diciembre de 2020, de
la Secretaria de Estado de Medio Ambiente, por la que se Revisa y Amplia la Lista Patron de las Especies Silvestres Presentes en Espafia;
Ministry for the Ecological Transition and the Demographic Challenge: Madrid, Spain, 2020.



Diversity 2024, 16, 407 20 of 21

8.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

Arias, A.; Crocetta, F. Umbraculum umbraculum (Gastropoda: Heterobranchia) spreading northwards: Additional evidence to the
“tropicalization” of the Bay of Biscay. Cah. Biol. Mar. 2016, 57, 206.

Botas, J.; Fernandez, E.; Bode, A.; Anadon, R. A persistent upwelling off the Central Cantabrian Coast (Bay of Biscay). Estuar.
Coast. Shelf Sci. 1990, 30, 185-199. [CrossRef]

Sanchez, E.; Gil, ]. Hydrographic mesoscale structures and Poleward Current as a determinant of hake (Merluccius merluccius)
recruitment in southern Bay of Biscay. ICES ]. Mar. Sci. 2000, 57, 152-170. [CrossRef]

Lavin, A.; Valdes, L.; Sanchez, F.; Abaunza, P; Forest, J.; Boucher, P; Lazure, P.; Jegou, A.M. The Bay of Biscay: The encountering
of the Ocean and the Shelf (18b, E). The Global Coastal Ocean: Interdisciplinary Regional Studies and Syntheses. Sea 2004, 14,
933-1001.

Lyman, T. Ophiuridae and Astrophytidae of the exploring voyage of H.M.S. Challenger, under Prof. Sir Wyville Thomson, ER.S.
Part 1. Bull. Mus. Comp. Zool. Harv. Coll. 1878, 5, 65-168.

Lyman, T. Ophiuridae and Astrophytidae of the exploring voyage of H.M.S. Challenger under Prof. Sir Wyville Thomson, ER.S.
Part 2. Bull. Mus. Comp. Zool. Harv. Coll. 1879, 6, 17-83.

Koehler, R. Note préliminaire sur les Ophiures du Travailleur et du Talisman. Bull. Mus. Hist. Nat. 1905, 11, 55-56.

Koehler, R. Description des Ophiures Nouvelles Recueillies par le Travailleur et Talisman Pendant les Campagnes 1880; Herizos Press:
Tampa, FL, USA, 1906; Volume 1881, pp. 5-34.

Ophiures, K.R. Expéditions Scientifiques du Travailleur et du Talisman Pendant les Années 1880, 1881, 1882, 1883; G. Masson: Paris,
France, 1907; Volume 7, pp. 245-311.

Koehler, R. Dragages profonds executes a bord du Caudan dans le Golfe de Gascogne. Rapport préliminaire sur le Echinodermes.
Rev. Biol. Nord. Fr. 1895, 7, 439-496.

Koehler, R. Resultats scientifiques de la campagne du Caudan dans le Golfe de Gascogne. Echinoderms. Ann. Univ. Lyon 1896, 26,
33-122.

Koehler, R. Note preliminaire sur les ophiures recueillies pendant les campagnes de la Princesse Alice. Mémoires Société Zool. Fr.
1896, 9, 241-253.

Koehler, R. Echinides et Ophiures provenant des campagnes du yacht 1'Hirondelle. In Resultats des Campagnes Scientifiques
Accomplies Sur Son Yacht Par Albert ler Prince Souverain DeMonaco; Forgotten Books: London, UK, 1898; Volume 12, pp. 1-78.
Koehler, R. Note preliminaire sur quelques Asteries et Ophiures provenant des campagnes de la Princesse Alice. Bull. Inst.
Océanogr. 1907, 99, 1-47.

Koehler, R. Echinoderms provenant des campagnes du yacht Princesse-Alice. In Résultats des Campagnes Scientifique; Herizos
Press: Tampa, FL, USA, 1909; Volume 34, pp. 1-317.

Koehler, R. Echinodermes (Astéries, Ophiures, Echinides, et Crinoides) des Dernieres Campagnes de la Princesse-Alice et de
I'Hirondelle II. Bull. Inst. Océanographique Monaco 1921, 396, 1-8.

De Morgan, W. The Echinoderms collected by the “Huxley” from the North Side of the Bay of Biscay in August, 1906. ]. Mar. Biol.
Assoc. UK 1913, 9, 530-541. [CrossRef]

Grieg, J.A. Echinodermata from the “Michael Sars” North Atlantic Deep-Sea Expedition 1910; Bergen Museum: Bergen, Norway, 1921.
Mortensen, T. Ophiuroidea. Danish Ingolf Expedition; H. Hagerup: Copenhagen, Denmark, 1933; Volume 4, pp. 5-121.
Cherbonnier, G. Echinodermes récoltés par la «Thalassa» au large des cotes ouest de Bretagne et du Golfe de Gascogne (3-12 aofit
1967). Bull. Mus. Hist. Nat 1969, 2, 343-361.

Cherbonnier, G.; Sibuet, M. Résultats scientifiques de la campagne Noratlante: Astérides et Ophiurides. Bull. Mus. Hist. Nat.
1972, 102, 1333-1394.

Monteiro-Marques, M. Echinodermes recueillis pendant la mission “Hespérides 76” du N/O Jean Charcot. Arq. Mus. Bocage 1980,
7,95-108.

Paterson, G.L.J.; Lambshead, PJ.D.; Sibuet, M. The Ophiuroidea Fauna of the Bay of Byscay: Its Distribution and Diversity. In
Peuplements Profonds du Golfe de Gascogne. Campagnes Biogas; IFREMER: Plouzane, France, 1985; Volume 42, pp. 491-508.
Lopez-Ibor, A. Equinodermos de Asturias: Expedicion “Cantabrico 83”. Misc. Zool. 1987, 11, 201-210.

Louzao, M.; Anadén, N.; Arrontes, J.; Alvarez-Claudio, C.; Fuente, D.M.; Ocharan, F.; Anaddn, A.; Acufia, J.L. Historical
macrobenthic community assemblages in the Avilés Canyon, N Iberian Shelf: Baseline biodiversity information for a marine
protected area. ]. Mar. Syst. 2010, 80, 47-56. [CrossRef]

Manjon-Cabeza, MLE.; Rios, P; Garcia-Guillen, L.M.; Macias-Ramirez, A.; Sanchez, F.; Rodriguez-Basalo, A.; Ibarrola, T.P,;
Cristobo, ]. Asteroids and ophiuroids associated with sponge aggregations as a key to marine habitats. a comparative analysis
between avilés canyons system and El cachucho, marine protected area. Front. Mar. Sci. 2021, 7, 606749. [CrossRef]

Koehler, R. Faune de France; Paul LeChevalier: Irvine, CA, USA, 1921; Volume 1, pp. 58-97.

Fell, H.B. Synoptic Keys to the Genera of Ophiuroidea; Zoology Publications of the Victoria University: Wellington, New Zealand,
1960; Volume 24, pp. 1-40.

D’yakonov, A.M. Ophiuroids of the USSR Seas; Strelkov, A.A., Ed.; Finesilver, R., Translator; H. A. Humphrey: London, UK, 1967; p. 55.
Matsumoto, H. A new classification of the Ophiuroidea: With descriptions of new genera and species. Proc. Acad. Nat. Sci. Phila.
1915, 67, 43-92.

Mortensen, T. Handbook of the Echinoderms of the British Isles; Oxford University Press: Oxford, UK, 1927.


https://doi.org/10.1016/0272-7714(90)90063-W
https://doi.org/10.1006/jmsc.1999.0566
https://doi.org/10.1017/S002531540007154X
https://doi.org/10.1016/j.jmarsys.2009.09.006
https://doi.org/10.3389/fmars.2020.606749

Diversity 2024, 16, 407 21 of 21

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Paterson, G.L.J.; Tyler, P.A.; Gage, ].D. The taxonomy and zoogeography of the genus Ophiocten (Echinodermata: Ophiuroidea)
in the North Atlantic Ocean. Bull. Br. Mus. Nat. His. 1982, 43, 109-128.

Paterson, G.L. The deep-sea Ophiuroidea of the north Atlantic Ocean. Bull. Br. Mus. Nat. His. 1985, 49, 1.

Stohr, S.; O'Hara, T.; Thuy, B. (Eds.) World Ophiuroidea Database. Ophiuroidea. Accessed Through: World Register of Marine
Species 2024. Available online: https://www.marinespecies.org/aphia.php?p=taxdetails&id=123084 (accessed on 9 January 2024).
Manjon-Cabeza, M.E.; Perez-Ruzafa, A.; Andrino, J.; Artetxe, I.; Bacallado, ].J.; Brito, A.; Marcos, C. Lista patron de Las Especies
Silvestres Presentes en Espafia. Especies marinas: Equinodermos. 2017. Available online: https://www.miteco.gob.es/ca/biodiversidad/
servicios/banco-datos-naturaleza/informacion-disponible /bdn_listas_patron_2017.html (accessed on 9 January 2024).
Manjon-Cabeza, M.E.; Perez-Ruzafa, A.; Andrino, J.; Artetxe, I.; Bacallado, J.J.; Brito, A.; Marcos, C. Lista Patron de Las
Especies Silvestres Presentes en Espafia. Especies Marinas: Equinodermos. 2020. Available online: https:/ /www.miteco.gob.es/ca/
biodiversidad/servicios /banco-datos-naturaleza/informacion-disponible /bdn_listas_patron.html (accessed on 9 January 2024).
GBIF.org. GBIF Home Page. 2024. Available online: https:/ /www.gbif.org (accessed on 9 January 2024).

Muséum National d'Histoire Naturelle. 2024. Available online: https://science.mnhn.fr/institution/mnhn/collection/ie/item/search
(accessed on 9 January 2024).

Ocean Biodiversity Information System (OBIS). Intergovernmental Oceanographic Commission of UNESCO 2024. Available
online: www.obis.org (accessed on 9 January 2024).

Smithsonian National Museum of Natural History. 2024. Available online: https://collections.nmnh.si.edu/search/iz/ (accessed
on 9 January 2024).

Victorero, L.; Samadi, S.; O'Hara, T.D.; Mouchet, M.; Delavenne, J.; Leprieur, F.; Leroy, B. Global benthic biogeographical regions
and macroecological drivers for ophiuroids. Ecography 2023, 2023, e06627. [CrossRef]

Verrill, A. Annual Report of the United States Commissioner of Fisheries for the Fiscal Year 1883; National Oceanic and Atmospheric
Administration: Washington, DC, USA, 1885; Volume 9, p. 549.

Tyler, PA.; Emson, R.H.; Sumida, P.; Howell, K. Ophiuroid distribution at sublittoral and bathyal depths round the Faroe Islands,
NE Atlantic Ocean. BIOFAR Proc. 2005, 41, 175-194.

Lyman, T. Reports on the results of dredging, under the supervision of Alexander Agassiz, in the Carribbean Sea (1878-79), and
on the east coast of the United States, during the summer of 1880, by the U.S. coast survey steamer “Blake”, commander J.R.
Bartlett, U.S.N., commanding. XX.-Report on the Ophiuroidea. Bull. Mus. Comp. Zool. Harv. Coll. 1883, 10, 227-287.

Midsuf, C.; Taviani, M.; Stohr, S. Remarks on Echinodermata from the South Central Mediterranean Sea based upon collections
made during the MARCOS cruise (10 to 20th April 2007). Medit. Mar. Sci. 2009, 10, 63-71.

O’Hara, T.D.; Stohr, S. Deep water Ophiuroidea (Echinodermata) of New Caledonia: Ophiacanthidae and Hemieuryalidae. In
Tropical Deep-Sea Benthos, Volume 24; Richer de Forges, B., Justine, J.-L., Eds.; Mémoires du Muséum National d "Histoire Naturelle:
Paris, France, 2006; Volume 193, pp. 33-141.

O'Hara, D.; Rowden, A.A.; Williams, A. Cold-water coral habitats on seamounts: Do they have a specialist fauna? Divers. Distrib.
2008, 14, 925-934. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.marinespecies.org/aphia.php?p=taxdetails&id=123084
https://www.miteco.gob.es/ca/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/bdn_listas_patron_2017.html
https://www.miteco.gob.es/ca/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/bdn_listas_patron_2017.html
https://www.miteco.gob.es/ca/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/bdn_listas_patron.html
https://www.miteco.gob.es/ca/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/bdn_listas_patron.html
https://www.gbif.org
https://science.mnhn.fr/institution/mnhn/collection/ie/item/search
www.obis.org
https://collections.nmnh.si.edu/search/iz/
https://doi.org/10.1111/ecog.06627
https://doi.org/10.1111/j.1472-4642.2008.00495.x

	Introduction 
	Material and Methods 
	Sampling 
	Systematics 

	Results 
	Discussion 
	References

