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Abstract

The Ophiuroidea collected from mud volcanoes and adjacent bathyal environments from the Gulf of Cadiz are reviewed. 
Thirteen species from six families— Ophiacanthidae, Ophiactidae, Amphiuridae, Amphilepididae, Ophiuridae and Ophi­
olepididae—were identified. A direct relationship to the chemosynthetic assemblages has not been established as the oph­
iuroids found in the mud volcanoes do not appear to have novel morphological adaptations and also occur in non-reducing 
environments. The ophiuroid fauna from the Gulf of Cadiz differs from other cold seep regions not only by the high spe­
cies richness but also because members of Amphiuridae are dominant both in number of species and abundance. One spe­
cies previously unknown, Ophiopristis gadensis sp. nov., (Ophiacanthidae) was collected from a dead cold-water coral 
thicket at the flank of a mud volcano and differs from its congeners in the type of disk spines which are more rugose and 
not smooth as in most of the other species, the presence of the thickened integument in larger specimens and the distinct 
separation between the oral papillae and the second oral tentacle scales.

K eyw ords: mud volcanoes, reducing environments, macrofauna, biodiversity

Introduction

The first deep-water ophiuroid was discovered more than 150 years ago in the North A tlantic at a depth o f 1460 m 
during the sounding of Baffin Bay (Müller & Troschel 1842 in M enzies etal. 1973). During late 19th and early 20th 
centuries, ophiuroid records have significantly increased due to the collection o f many specim ens by several deep- 
water expeditions (Martynov & Litvinova 2008). However, the m ost im portant studies on ophiuroids o f the A tlan­
tic have been carried out during the past 40 years (e.g. Cherbonnier & Sibuet 1972; Gage et al. 1983; Paterson 
1985; Bartsch 1987, 1991; Smith et al. 1995; Stöhr & Segonzac 2005) and a taxonom ie and biogeographical review 
has been carried out recently by M artynov and Litvinova (2008). These studies have expanded the global know l­
edge on this group but, despite these efforts, the deep-sea ophiuroid fauna remains poorly known as many species 
are only reported from  a single or a few individuals. Because m orphological identification o f ophiuroids is based 
almost exclusively on skeletal characters, w hich change greatly in num ber and shape during growth (Stöhr 2004, 
2005), this lack o f specimens is o f great importance.
Ophiuroids, which have the highest abundance o f all deep-sea megafauna taxa in non-reducing environments 
(Gage & Tyler 1991), have also been reported from  several cold seeps and vents (Hecker 1985; Tyler et al. 1995; 
Sibuet & Olu 1998; Gebruk etal. 2003; Sahling etal. 2003; Van Dover etal. 2003; Stöhr & Segonzac 2006; Levin 
& M endoza 2007). The unidentified status o f several ophiuroid records suggests that the overall diversity o f ophi­
uroids in these reducing environments rem ains underestimated. Seven species were reported from  Blake Ridge, 
G ulf of M exico and Barbados cold seeps in the W estern Atlantic (Stöhr & Segonzac 2005), two from  the Haakon 
M osby mud volcano in the Eastern Atlantic (Gebruk et al. 2003) and two from  the North Pacific Aleutian margin 
(Levin & M endoza 2007). Presently, eight species have been reported from  hydrothermal communities in the East 
Pacific and M id-Atlantic Ridge (MAR) (Stöhr & Segonzac 2005, 2006). From these, only one, Ophienigma spinil-
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imbai um Siolii & Segonzac, 2005, is considered endem ic to Western Atlantic cold seeps, one, Ophioctenella acies, 
Tyler et al., 1995, is considered endem ic to reduced environments (present at W estern Atlantic cold seeps and 
M AR vents), and two, Spinophiura jolliveti S I ("ihi & Segonzac, 2006, and Ophiolamina eprae Stöhr & Segonzac, 
2006, are endem ic to East Pacific vents (Stöhr & Segonzac, 2006). A lthough some other ophiuroid species have 
been recorded from  seeps and vents, their low abundance and rare occurrence suggest that they are not endemic to 
reducing habitats but possibly opportunistic species (that may reach relatively high densities) or accidental species 
(usually occurring at low densities) known from  other habitats. For most o f the ophiuroid species occurring in 
reducing habitats a direct relationship to the chemosynthetic assem blages has not been established and therefore 
they may have a broader distribution.

Inform ation on the occurrence and distribution o f ophiuroids from  the Atlantic continental margins o f Morocco 
and Iberian Peninsula was until now scarce. M arques (1980) and Bartsch (1987, 1991) recorded the distribution of 
Amphipholis squamata (Delle Chiaje, 1828), Ophiactis lymani Ljungman, 1872, Ophiothrix fragilis (Abildgaard, 
1789) and Ophiothrix indigna Koehler, 1906 in the Southern Portuguese margin covering a bathym etric range from 
500 to 820 m. In this study we report on the Ophiuroidea recovered from  mud volcanoes and adjacent environ­
ments, such as carbonate chimneys and cold-water scleractinian corals, from  a depth range o f 200 to 4000 m in the 
G ulf o f Cadiz. The aim  o f the paper is to extend the knowledge on the biodiversity and distribution o f the ophi­
uroids in the G ulf o f Cadiz, w ith particular emphasis on reducing habitats.

Material and methods

Study area. The present work is based on samples from  mud volcanoes in the Gulf o f Cadiz located in the NE 
Atlantic, W est o f the Strait o f Gibraltar (Fig. 1). M ud volcanoes (MV) were firstly reported on the M oroccan m ar­
gin by Gardner (2001) and the first evidence o f seep-related fauna in the G ulf o f Cadiz w as briefly mentioned by 
Pinheiro etal. (2003) from  sam ples collected in the Moroccan, Spanish and deep Portuguese margins. A brief over­
view  of the hydrological, geological and biogeochem ical settings o f the G ulf o f Cadiz is given by Rodrigues et al. 
(2008). The results reported herein refer to samples collected from  exposed carbonate chimney fields in submarine 
channels and diapiric ridges associated w ith erosion effects o f the M editerranean Outflow Water, and from  three 
main areas o f mud volcanoes in the G ulf o f Cadiz: the shallow El Arraiche M oroccan field, the Western Moroccan 
field and the deep-water field.

The El Arraiche field encom passes Renard Ridge (including Pen Duick Escarpment), Vernadsky Ridge and 
several mud volcanoes located at depths from  200 to approxim ately 700 m depth. Dead cold-water scleractinian 
coral reefs, carbonate crusts and exposed carbonate chimneys characterise the Renard and Vernadsky Ridges. Car­
bonate crusts, rock blocks and clasts are often found in the craters o f the shallow mud volcanoes where mild seep­
age activity has been recorded (Van Rensbergen et al. 2005). The faunal assem blages are characterised by high 
species richness and abundance o f background fauna (mostly peracaridean crustaceans and polychaetes) and the 
m ost common chemosynthetic species are solem yid bivalves (Petrasma sp.) and Siboglinid polychaetes (Sibogli­
num spp.). Mercator, one of the shallowest mud volcanoes, differs significantly from  the other mud volcanoes by 
the high chloride enrichm ent of its pore water. The top o f the structure shows patches o f disturbed sediments from 
w hich gas venting is occasionally observed (M.R. Cunha, pers. observation). Solitary corals (Caryophyllia sp.), 
accom panied by Cidaridae echinoids and Onuphidae polychaetes (Hyalinoecia tubicola (O. F. Midler, 1776)) are 
abundant at the central area o f the crater.

The western M oroccan field comprises several mud volcanoes at depths between 900 and 1200 m w here the 
occurrence of extensive Neptunea and Bathymodiolus graveyards and carbonate form ations suggest that this w as a 
very active seepage area in the past. Solemyid bivalves (Acharaxsp.) and siboglinid polychaetes (Siboglinum spp.) 
are the most common chemosynthetic species. The Darwin mud volcano differs from  the others in this area because 
its crater is completely covered by large carbonate slabs and crusts; the fissures among slabs and depressions with 
scattered crust are filled with abundant shell ash and occasionally small clumps o f living Bathymodiolus mauritani­
cus Cosel, 2002 (Génio etal. 2008).

M eknès is the southernm ost M oroccan mud volcano rising isolated among an extensive field of small coral 
mounds. The crater is formed by stiff, sometimes heavily disturbed, green mud breccia w ith scattered clasts and a 
striking large number o f empty shells o f the gastropod Neptunea contraria (M.R. Cunha, pers. observation). Living 
m egafauna is rarely sighted and chemosynthetic fauna consists o f Acharax sp and Siboglinum spp.
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The deep-water field (1300-4000 m), mostly w ithin the Portuguese margin, includes several mud volcanoes 
that are aligned along major crustal strike-slip  faults associated w ith the African-Eurasian plate boundary (Duarte 
et al. 2005). Gas hydrates were recovered from  these mud volcanoes and the methane concentrations were the 
highest from  the G ulf o f Cadiz (Vanreusel etal. 2009). Chemosynthetic fauna was highly diverse and include sibo­
glinid species o f the genus Siboglinum, Polybrachia, Lamellisabella, Spirobrachia and Bobmarleyia (Hilário & 
Cunha 2008; Hilário et al. 2010), solemyid (Acharax sp), thyasirid (Rodrigues et al. 2008) and vesycom yid 
bivalves. These mud volcanoes appeared to show a high degree o f endem ism  and low penetration o f background 
fauna in the most active areas o f the crater.
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FIGURE 1. Map of the study area (Gulf of Cadiz) and location of sampling sites. Full circles: sampling sites with Ophiuroidea: 
Empty circles: other sites: AI: Al Idrisi MV: CA: Captain Arutyunov MV: CC: carbonate chimneys West of Gibraltar Strait: 
CR: Carlos Ribeiro MV: Che: Chechaouen MV: Dar: Darwin MV: Fiu: Fiuza MV, FR: Formosa Ridge: Gin: Ginsburg MV: JB: 
Jesus Baraza MV: Kid: Kidd MV: Mer: Mercator MV: Mek: Meknes MV: PDE: Pen Duick Escarpment: Por: Porto MV: TTR: 
TTR MV: VR: Vernadsky ridge: Yum: Yuma MV.

Collection and preparation of specimens. M acrofaunal samples were collected from  mud volcanoes and 
adjacent habitats such as fields of carbonate chimneys and crusts and cold-water coral thickets (mostly dead) dur­
ing several cruises carried out since 2000. Sam ples reported herein were taken from  19 sites during TTR11 to 
TTR16 cruises onboard the RV Prof. Logachev (IOC -  MSU) and M SM 01-03 cruise onboard the RV Maria S. 
Merian (IFM-GEOMAR) using mostly a TV-assisted grab or a USNEL box-corer. Occasionally faunal specimens 
were also recovered from  Kasten-corer, multiple corer or lander samples that were carried out for different pur­
poses. W henever possible the specimens were sorted on board and preserved in 70 or 96% ethanol (the latter pre­
served for molecular analysis). Data on the stations w here ophiuroids were collected are given in Table 1. AÍ Idrisi, 
Mercator, Fiuza, Kidd, and TTR mud volcanoes are included in the El Arraiche field, Meknès, Yuma, Ginsburg, 
Jesus Baraza, Darwin and Chechaouen in the Western M oroccan field and Captain Arutyunov, Carlos Ribeiro and 
Porto in the deep-water field.

DEEP-SEA OPHIUROIDS FROM THE GULF OF CADIZ Zootaxa 2754 © 2011 Magnolia Press • 3



TA
BL

E 
1. 

St
ati

on
 

da
ta 

for
 t

he 
Gu

lf 
of 

Ca
diz

 
sa

m
pl

es
 y

iel
di

ng
 

op
hi

ur
oi

ds
. 

O
bs

er
va

tio
ns

 
fro

m 
TT

R1
2 

to 
TT

R1
6 

and
 

M
SM

01
-0

3 
cr

ui
se

 
re

po
rts

 
(K

en
yo

n 
et 

al.
 2

00
3,

 2
00

6;
 

Pf
an

nk
uc

he
 

20
06

; 
A

kh
m

et
zh

an
ov

 
et 

al.
 2

00
7,

 2
00

8)
. 

D:
 D

re
dg

e;
 G

: 
gr

av
ity

 
co

re
; 

Gr
: 

TV
-a

ss
ist

ed
 

gr
ab

; 
U

B:
 U

SN
EL

 
bo

x 
co

re
; 

M
C:

 M
ul

ti 
co

re
; 

K:
 K

as
ten

 
co

re
; 

BL
: 

B
IG

O
 

la
nd

er
; 

FL
: 

FL
UF

O 
la

nd
er

._
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
C3

-Qo

CdXCd
H

■a

C ^  O-J

•S S  E w
hj

«  Io s."O"O

cd<u
O

Cd
VI

cd E
i  8 3
t» Æ

'5b03
C S

CU ■S’S
X .O

”0

Eo

,Cd

« xr¡ CJ en O
CU CU CU <D

CU CU ID Etí tí ±3 tín tíJ tín tí£ tí g D g D tí
o  E o  £ o  £ E

tí GÇ i_r
D

>  ^

S . I  -
^  E  s  O £ o

D
H E

S-HO

tí
E E'cu 'o cu cuD D 5-h ?-h

T3 tí tí
S s

E'cu

& ËS f
tí

E 
Cd u

5-h 5-h <U 5-hD D ^ D
E E
O U

> cd
°  rl o U

ö-i "Sí

? - s  <

cd
CU
E'o
§
EOh
O

E
s<3s

£ 3  
^ • S  
«5,1$ 
^  ‘

. >
^  -Etí•B D S Tí
G *2&  S 

.
^  O ^

Q S
hQ) ^
S

SíÖ
s
§D E.Sí

£ ^  T3

O OO OO <o oo <o (tí m o o ON -d- ONCO rH IO io (N oo io (O io io OO(N tí" <tí (tí tí" tí" (tí (tí (tí (tí m tí" d̂"

os 2  k io On u u u o On ON es esO (tí CS oo oo (O o t>O H h NO NO l> oo r- o ON
NO ON OO oo OS OS OO oo oo oo ON U (tí(tí (tí (tí (tí (tí (tí (tí (tí (tí (tí (tí tí-
no x> x> no NO NO NO X no NO NO X X>o o  o o O o O O o O O o O

rn tí" U (tí U io E OO o io O oON OO rH o IO o i—i l> r- On ovo ON On so (tí ON ON oo 00 OO (O (tí
tí- o" U u u u u U u U u io ioeso o o o o o o o o o o o oIO IO IO io IO io io io io IO io io io(tí (tí (tí (tí (tí (tí (tí (tí (tí (tí (tí (tí (tí

(N (O (o io IO io NO NO NO NO NO tí- d̂"o o  o o o o O O O O O o oo o  o o o o O O O O O o oCS (N CS CS CS es es es es es es es es
U K U u u u IO (O IO IO (O oo oo
o o  o o o o o o o o o o o
U IO io NO NO NO NO NO NO ON U ON (tí

CS CS CS (N es o O O O O o

Q Ü ü U
B U
B

U
B

M
C

U
B

U
B

M
C

M
C o  o G
r

<N 00 ON <o NONONO o l>
-d- *o (O *o IO
H H H H H
< < < < <

r-oco
H<

tí-
(N

(N
t í -<N X(N oo

(N

co NO 00
o NO <Nd̂- •O <o
H H H
< < <

aï Pi 
H H 
H H

o
SXi
S

"tí -h ES < s
-tí'tí
2

4 • Zootaxa 2754 © 2011 Magnolia Press RODRIGUES ETAL.

AT
55

9 
UB

 
08

.0
8.

20
04

 
35

°2
4.

77
7’ 

06
°4

3.
78

2’ 
55

2 
A.

 s
qu

am
at

a;
 A

. 
he

xa
br

ac
hi

at
us

] 
A.

 
Of

f 
M

V
; 

he
m

ip
el

ag
ic

in
go

lfi
an

a 
se

di
m

en
ts



St
ru

ct
ur

e 
Cr

ui
se

 
St

at
io

n 
Ge

ar
 

Da
te 

La
tit

ud
e 

Lo
ng

itu
de

 
De

pt
h 

Ta
xa

 
O

bs
er

va
tio

ns
 

 
(d

d.
m

m
.y

y)
 

(N
) 

(W
) 

(m
)_

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__

M
i

d) Jg
I  . § .
I  a
a g

ï/3 .S 
PC o
^  SO X)

o oD D (D D

Cd 73
^  Scd ™ 

o ^
' '  tí

-8

T3tí
cd

M g ^  £§ 'B S g 
E  « E u

=  73 cu jd
£ Scn

' g? Ö
O td

X X
7 3  7 3  tí tís  ^

</3 X•r cu

S s

73

ld
S-hO 
° . .2

3 M L.cd cu

• S  Cd

u o
ö Ë-o £

S, i5-1 : JT
1  % 2  je
U  X

d » £  
'o td o tí ^

éîT-i ^■§ o
s  -s c
ÚT «<5 S
cd u  SS^  sU  C/3 O

C« rH
S .2 -s
“ 8  * cd cu cd

'S X)cu CC °cu T3  CU5-h S  Lhx  £  x
'S - ’S » 
a .§ a 2. „ ^  . „ -o
S—i î—i Ç—(
£> g  g  X
cd cd cd c/j >h rb cd

 ̂ Ö ^ sa 3
s cd

i «â  o 
^ b

'S •} a  
§ <  O
I
3  « s
M 1 I 
a i  §■ 
a h  < ^  ^

00 x
ON (N
Tt x

5a
Sasa->3

<

¡k
.a

9-

'U Iaao

tí
cdcu73

Qh
O
b"
'b
Sa

ï  iQh . CO
C/3

Q B ?
" i ? . ! ’cu

fe g T ^ 3 - 0

.a

cd

U S  Ü U Ü  m

>2'b
ssaâ
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Specimens were exam ined using a Leo-1455VP SEM low vacuum. Specim ens were air-dried and examined 
uncoated.

Type specim ens have been deposited at The Natural History M useum, London, and the remaining material is 
deposited in the Biological Research Collection of the Departm ent o f Biology, University o f Aveiro.

The taxonomic classification follows the schem e suggested by Smith etal. (1995). Taxonomic descriptions are 
only provided for new taxa. Images are given for new species and new locality records.

Abbreviations. DBUA, Departm ent of Biology, University o f Aveiro (Biological Research Collection) 
(Aveiro, Portugal); IFM -GEOM AR, Institut für M eereskunde - Forschungszentrum für marine Geowissenschaften 
(Kiel, Germany); IOC-UNESCO, Intergovernmental Oceanographic Commission - United Nations Educational, 
Scientific and Cultural Organization; MAR: Mid Atlantic Ridge; MV: M ud volcano MSU: M oscow State Univer­
sity (Moscow; Russia); NHMUK, The Natural History M useum (London, UK); NOCS: National Oceanographic 
Center, Southampton (Southampton, UK) ; TTR, training Through Research programme.

Systematics

Order Ophiurida Müller & Troschel, 1840 

Suborder Ophiurina Müller & Troschel, 1840 

Family Ophiacanthidae Perrier, 1891 

Subfamily Ophiacanthinae Paterson 1985

Ophiacantha aristata Koehler 1896
(Fig. 2)

Material examined. Captain Arutyunov MV, M SM 01-03, stn 195, 1 ind. (DBUA 001063.01).

300 pm

200 pm

FIGURE 2. Ophiacantha aristata. A: ventral aspect: B: dorsal aspect: C: disk spinelets: D: arm ventrally: E: armdorsally.

Ecology and distribution. This is a bathyal North A tlantic species (822-1700 m) known from  SW  Ireland 
south to the Canary Islands (Paterson 1985). In the G ulf o f Cadiz it was collected from  a coral thicket (Dendro- 
phylia cf. alternata, mostly dead branches w ith a few living polyps) at a single station at the flanks o f Captain A ru­
tyunov M V (1390 m) together w ith Ophiopristis gadensis sp. nov., Ophiactis abyssicola and Amphioplus 
hexabrachiatus.
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Subfamily Ophiotominae Paterson 1985

Ophiopristis gadensis sp. nov.
(Figs. 3-5)

Material examined. Holotype: NE Atlantic: G ulf o f Cadiz, Captain Arutyunov MV, MSM01-03, stn 195, 1 ind. 
(NHM 2010.352 Holotype).

Paratypes: same data as holotype, 12 inds. (DBUA 001147.01); 7 inds. (NHM 2010.353-359).

FIGURE 3. Ophiopristis gadensis sp. nov. A-B: Holotype, C-D: smaller specimen (paratype). A, D: ventral aspect: B, C: dor­
sal aspect. Scale bars = 1 cm.

Diagnosis. Ophiacanthid w ith sub-pentagonal disk; radial shields exposed, triangular in shape and less than a 
half disk radius in length; disk covered by thin plates; some plates bearing a spinelet; spinelets long, hollow w ith a 
smooth tip or 2 -3  pointed spires.

Oral surface covered w ith thin opaque skin in larger individuals but skin not obvious in smaller specimens; two 
apical papillae w ith 3 to 5 pointed oral papillae; second oral tentacle pore emerges superficially onto the oral sur­
face, 3 to 5 rounded tentacle scales associated w ith pore; adorai shield separating oral shield from  first lateral arm 
plate; oral shield triangular to sub-pentagonal.

Arms distinctly noded at least 4 times disk diameter; plates become glassy on distal segments; dorsal arm 
plates triangular to scallop-shaped, proxim ally contiguous in large specimens, separated in smaller individuals; 
ventral arm  plates rectangular with a convex distal edge; lateral arm  plates w ith six arm  spines; arm  spines up to
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three arm  segm ents long, dorsal arm  spines finely rugose round to slightly flattened, ventral arm  spines more obvi­
ously flattened w ith saw-like edge; proximal tentacle pores arm ed w ith two to three sub-equal tentacle scales, fur­
ther out on the arm  the scales reduce to two, one large leaf-like scale partially overlying a sm aller scale.

3 0 0  jini*

100 jim'

FIGURE 4. Ophiopristis gadensis sp. nov. (Paratype). A-B: ventral aspect, C: jaw detail, D: dorsal aspect: E-F: dorsal radial 
shield: G: disk spinelets: H: arm ventrally: I: arm ventrally and tentacle scale: J: outer arm ventrally: K: arm dorsally spines: L: 
detail of arm dorsally and spines. AS, adorai shield: DAP, dorsal arm plate: LAP, lateral arm plate: OP, oral papillae: OS, oral 
shield: S, spinelet: TS, tentacle scale: VAP, ventral arm plate.

Holotype description, disk sub-pentagonal (d.d. 8.3 mm). Arms at least four times disk diameter. Disk cov­
ered with thin scales, many carrying a spinelet. Spinelets long, hollow, rugose, w ith tip of spinelet produced into a 
smooth point, sometimes with two or three small pointed spires; spinelets in middle of disk finer than those on the 
periphery or in the interbrachial region. Radial shields exposed, approximately triangular in shape; each shield pair 
separated along w hole length; length extending slightly shorter than a quarter o f the disk diameter. Ventral interbra- 
chial area covered w ith small scales. Spinelets present but shorter and w ith a lower density than aboral surface.

Oral surface covered by thin skin, partially obscuring the plate beneath. Jaw s slightly longer than broad. Two 
apical papillae on most jaw s. Up to five oral papillae along each jaw  edge, papillae longer than wide w ith pointed 
tip; small pointed, distal papillae lie deeper within mouth. Second oral tentacle pore emerging superficially onto the 
surface o f the jaw. Oral tentacle scales larger than oral papillae, four to five in number, often longer than high with 
a rounded free edge; tentacles scales superficial situated on oral surface and separated from  oral papillae. Adorai 
shields large, slightly w ider at their junction  w ith the arm  plates and separating oral shields from  first lateral arm 
plate. Oral shields rounded pentagonal slightly longer than broad.
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Al ius long, distinctly noded in proximal segments, arm  plates becom ing glassy. Disk plates extending onto 
proximal arm  segments nearly surrounding first dorsal arm  plate. Dorsal arm  plates triangular to scallop-shaped 
with convex distal edge; plates contiguous at least on proximal segments; on distal segments dorsal arm  plates 
more triangular and ju s t contiguous. Ventral arm plates approxim ately rectangular w ith a convex distal edge, con­
tiguous on proximal arm  segments. Tentacle pores covered, on the proximal segments oval scales, slightly pointed 
and often o f different sizes; each pore with three scales arranged around the first two to four arm pores, decreasing 
to two thereafter until nearly the end o f  the arm; two scales comprised o f a large glassy, slightly pointed, almost 
leaf-like scale sitting over a smaller inner scale. Lateral arm  plates flared forming a ridge along the area where arm 
spines inserted. Arm  spines six, up to three arm  segments in length on proximal arm  segm ents becoming shorter on 
distal ones; not quite forming a continuous row on the first free arm segment. Dorsalm ost spines finely rugose, 
slightly flattened; ventralm ost spines shorter, w ider at the base o f the spine, much flatter developing a saw-like 
edge w ith distinct teeth, term inating in triple-tipped spine; tip o f arm spine glassy. These ventralm ost spines 
become shorter on outer arm  segm ents forming a row o f large teeth along the ventral edge on the outer part o f  the 
arm  spine.

FIGURE 5. Ophiopristis gadensis sp. nov. A-B: ventral view of adult (disk diameter: 9.5 mm), b) oral frame of juvenile spec­
imen (disk diameter: 3.5 mm), c) disk spinelets, d) ventralmost spine from distal arm segment, e) mid arm spine f) arm dorsally 
spine. Bar scales = 1 mm.

Variation (Paratypes). Large individuals conform to the description o f the holotype. Smaller individuals, d.d.
3.5 to 6 mm, do not have thickened skin over the oral surface so the plates are clearer. Oral shields are more 
rounded slightly w ider than long. Jaw s with three to four oral papillae w hich are slightly more rugose than in larger 
specimens. However in other characters, such as tentacle scale number and arrangement, smaller specimens resem-
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ble the larger, although the gap between the oral papillae and oral tentacle scales is more obvious. Oral shields tri­
angular slightly more elongated and rounded. Dorsal arm  plates on smaller specimens are triangular w ith a convex 
distal edge and are separated, not contiguous. Often ju s t two tentacle scales The number o f scales may be the result 
of a larger scale being split perhaps during developm ent thus resulting in three scales not two.

Distribution and ecology. This species is only known from  the type locality. It was collected from  a coral 
thicket (Dendrophylia cf. alternata, mostly dead branches with a few living polyps) at a single station on the flanks 
o f Captain Arutyunov M V at a depth o f 1390 m, together w ith Ophiactis abyssicola, Ophiacantha aristata and 
Amphioplus hexabrachiatus.

Etymology. This species is named after the area (Gulf of Cadiz) w here it was first discovered; Gades is the old 
Roman name for Cadiz.

Remarks. Placing this species w ithin Ophiopristis Verrili, 1899 represents a compromise and potentially 
expands the definition o f the genus. There are a number o f characters w hich appear to be unique. The emergent 
radial shields are unusual in the Ophiotominae and in Ophiopristis, the arrangem ent o f the oral papillae and second 
oral tentacle scales are also distinct and finally the developm ent o f thickened integum ent has not been reported 
w ithin species o f the genus. However, such variation in the degree o f skin covering the disk has also been noted for 
other ophiacanthids, for example Ophiolebes scorteus Lyman, 1878, w ithout resorting to the erection o f a new 
genus. It is possible that this combination o f characters w ithin this species represents a new genus, however as Pa­
terson (1985) and O ’Hara and Stöhr (2006) point out, the genera w ithin Ophiacanthidae are not well defined and so 
adding another would only serve to add to this problem. Ophiopristis gadensis sp. nov. share the following features 
w ith other species o f the genus - the arm  spines are slightly flattened with a rugose edge, the oral and second tenta­
cle papillae are separated either physically or by shape and size, the tentacle scales are multiple in proximal arm  
segments. Ophiopristis can now be defined as: jaw s longer than broad, flanked on each side by four or more oral 
papillae, second oral tentacle pore superficial opening near the surface o f the jaw , arm ed w ith tentacle scales sim i­
lar in size and shape to the oral papillae, som etim es confluent w ith oral papillae but in some separated; adorai 
shields long and narrow, separating the oral shield from  the first lateral arm  plate; disk covered with small scales 
carrying an elongated spinelet, often long, hollow and w ith pointed or furcate tips; radial shield usually concealed 
but maybe exposed; arm  spines flattened, carrying a row o f sharp points along each edge; tentacle pores armed with 
up to four tentacle scales on proxim al first two to four pores decreasing to one to two large scales on segments 
thereafter.

According to Stöhr and O ’Hara (2007) there are eight species o f Ophiopristis. O. gadensis sp. nov. differs in 
the type o f disk spines which are more rugose and not smooth as in most of the other species; the presence in larger 
specim ens of the thickened integum ent and the distinct separation between the oral papillae and the second oral 
tentacle scales. Ophiopristis gadensis sp. nov. is sim ilar to (). dissidens Koehler, 1905 in having three tentacle 
scales on proximal tentacle pores but differs in that the disk spinelets are not smooth, glassy and hollow. A compar­
ison o f the species is given in Table 2.

Family Ophiactidae Matsumoto, 1915

Ophiactis abyssicola (M. Sars, 1861)
(Fig. 6)

Material examined. Captain Arutyunov MV, M SM 01-03, stn 195, 3 inds. (DBUA 001064.01).
Ecology and distribution. This is an Atlantic species known from  a wide bathymetric range (125-4721 m) 

from  Norway to southern Africa (Paterson 1985). In the G ulf o f Cadiz it was collected from  a coral thicket (Den­
drophylia cf. alternata, mostly dead branches w ith a few living polyps) in a single station at the flanks o f Captain 
Arutyunov M V (1390 m) together w ith Ophiopristis gadensis sp. nov., Ophiacantha aristata and Amphioplus 
hexabrachiatus.
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100 um

FIGURE 6: Ophiactis abyssicola. A: ventral aspect; B: oral plates with papillae detail; C: arm dorsally; D: arm ventrally.

Ophiactis balli (Thompson, 1840)

Material examined. AÍ Idrisi MV, TTR12, stn AT412, 2 ind. (DBUA 001065.01); West o f Gibraltar Strait, TTR14, 
stn AT550, 1 ind. (DBUA 001066.01).

Ecology and distribution. This is an Eastern Atlantic species known from  depths o f 60-400 m (Paterson 
1985), generally found in crevices or am ongst sessile invertebrates w ith the body concealed and the arm s extended 
out into the water. It is characteristic o f exposed or moderately exposed rocky situations especially on limestone 
(Picton & M orrow 2007). In the G ulf o f Cadiz it was collected w ithin its known bathym etric range from  limestones 
at the crater o f AÍ Idrisi MV and from  carbonate chimneys in an exposed site (high bottom currents) West o f 
Gibraltar Strait.

Family Amphiuridae Ljungman, 1867 

Amphiura grandisquama Lyman, 1869

Material examined. Vernadsky Ridge, TTR15, stn AT574, 1 ind. (DBUA 001067.01); Pen Duick Escarpment, 
TTR16, stn AT600, 4 inds. (DBUA 001068.01).

Ecology and distribution. In the Eastern A tlantic A. grandisquama has been recorded from  Iceland south to 
the Azores and Cape Verde Islands at depths o f 861-1635 m (Paterson 1985). In the G ulf o f Cadiz it was collected 
from  carbonate chimneys and crusts at shallower depths (508-610 m) (Fig. 7A).

Amphiura chiajei Forbes, 1843

Material examined. M ercator MV, TTR15, stn AT569, 1 ind. (DBUA 001069.01), stn AT576, 15 inds. (DBUA
001069.02), stn AT577, 2 inds. (DBUA 001069.03); Kidd MV, TTR14, stn AT560, 1 ind. (DBUA 001070.01).
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Ecology and distribution. Amphiura chiajei has been recorded from  the Eastern A tlantic and M editerranean, 
and from  W est Africa; it is usually a shelf species but has been recorded from  a depth o f 1200 m (Paterson 1985). 
This species is reported as living buried in muddy sand, extending its arms above the surface o f the sedim ents to 
feed on deposited material. In the G ulf o f Cadiz it was collected from  soft mud breccia in the crater of M ercator 
and Kidd mud volcanoes w ithin its known bathym etric range (Fig. 7A).

37°N

36°N

35°N

37°N

36°N

35°N

37°N

36°N

35°N

FIGURE 7. Distribution of Amphiuridae species in the Gulf of Cadiz. A: Amphiura grandisquama (full circles) and Amphiura 
chiajei (asterisks); B: Amphiura filiformis', C: Amphiura sp. A; D: Amphipholis squamata: E: Amphioplus hexabrachiatus: F: 
Amphilepis ingolfiana.
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Amphiura fíliformis (O.F. Müller, 1776)

Material examined. Al Idrisi MV, TTR12, stn AT412, 2 ind. (DBUA 001071.01); M ercator MV, TTR15, stn 
AT569, 10 inds. (DBUA 001072.01); stn AT575, 18 inds. (DBUA 001072.02); stn AT576, 17 inds. (DBUA 
001072.03); M SM 01-03, stn 237, 2 inds. (DBUA 001073.01); stn 241, 37 inds. (DBUA 001073.02); stn 242, 24 
inds. (DBUA 001073.03); stn 267, 2 inds. (DBUA 001073.04); stn 287, 3 inds. (DBUA 001073.05); Fiuza MV, 
TTR14, stn AT566, 5 inds.; West of Gibraltar Strait, TTR14, stn AT552, 1 ind. (DBUA 001074.02); Pen Duick 
Escarpment, TTR12, stn AT407, 1 ind. (DBUA 001071.02); TTR16, stn AT602, 1 ind. (DBUA 001075.01).

Ecology and distribution. Amphiura filiformis is a common, predom inantly shallow-water species o f the 
north-Eastern Atlantic. It is known to occur from  Norway to West Africa and also in the M editerranean Sea at 
depths up to 1665 m (Paterson 1985). This species is often found sym patric with A. chiajei. Both species live bur­
ied in fine muddy sand but, unlike its congener, A. filiformis feeds in the water current extending its arm s vertically 
3-4  cm above the sedim ent surface (Vopel etal. 2003). In the G ulf o f Cadiz A. filiformis co-occurred w ith A. chia­
je i  in M ercator M V (Fig. 7B). The highest density o f A. filiformis (72-144 in d .m 2) occurs in the crater where only 
one specim en o f A. chiajei was collected; the latter reaches densities o f 60 ind.m  2 on the flank where the density of 
A. filiformis drops to 68 ind.m  2. Amphiura filiformis has also a much wider distribution and has been recorded in 
two other mud volcanoes (AÍ Idrisi and Fiuza) and in association w ith carbonate chimneys and crusts at two other 
sites (West o f Gibraltar and Pen Duick Escarpment) at depths between 230 and 556 m.

Amphiura sp. A Stöhr and Segonzac, 2005

Amphiura sp. Stöhr and Segonzac 2005: 396-397, figure 8

Material examined. Kidd MV, TTR14, stn AT528, 6 inds. (DBUA 001077.01); stn AT560, 3 ind. (DBUA
001077.02); M eknès MV, TTR14 stn AT541, 9 inds. (DBUA 001077.03); Yuma MV, TTR16, stn AT604, 1 ind. 
(DBUA 001078.01); Darwin MV, TTR16, stn AT608, 1 ind. (DBUA 001078.02); Captain Arutyunov MV, TTR14, 
stn AT546, 3 inds. (DBUA 001077.04); West o f Gibraltar Strait, TTR14, stn AT551, 1 ind. (DBUA 001077.05); 
Pen Duick Escarpment, TTR16, stn AT600, 1 ind. (DBUA 001078.03).

Remarks. This species, herein designated as Amphiura sp. A, closely resem bles the description given by Stöhr 
and Segonzac (2005) from  West Atlantic cold seeps. The species is characterised by, having two tentacle scales on 
each arm  tentacle pore and a scale-like distal oral scale, ten w ith a more spike-like scale situated on the adorai 
shields and ju s t three arm  spines, a character shared with other Amphiura species, the middle arm  spine o f the three 
is swollen.

We have not formally classified this species because Amphiura species w ith three arm  spines are common 
w ithin the family (approximately 28 species). To form ally name this species would require a major taxonomic 
review which is beyond the scope o f the present work.

Ecology and distribution. Amphiura sp. A as described by Stöhr & Segonzac was previously known from 
mud sediments among chemosynthetic fauna (Bathymodiolus boomerang, Escarpia sp.) o f the Orinoco cold seeps, 
West Atlantic, at 1947 m. In the Gulf o f Cadiz it has a w ide distribution in the shallow and western areas o f the 
M oroccan margin (carbonate provinces) predom inantly associated to the presence o f carbonate crusts and covering 
a bathym etric range o f 489-1345 m (Fig. 1C). It was recorded from  five mud volcanoes and two other sites with 
carbonate chimneys or crusts, often co-occurring w ith Amphipholis squamata and occasionally w ith other A m phi­
uridae (Amphioplus hexabrachiatus, Amphiura filiformis and Amphiura grandisquama).

Amphipholis squamata (Delle Chiaje, 1828)
(Fig. 8)

Material examined. M ercator MV, TTR15, stn AT568, 1 ind. (DBUA 001080.07); stn AT575, 10 inds (DBUA
001080.01), stn AT576, 5 inds. (DBUA 001080.02), stn AT577, 2 inds. (DBUA 001080.03); M SM 01-03, stn 241, 
18 inds. (DBUA 001081.01), stn 242, 9 inds. (DBUA 001081.02), stn 287, 1 ind.; Fiuza MV, TTR14, stn AT566, 2
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inds. (DBUA 001079.01); Kidd MV, TTR14, stn AT528, 2 inds.; stn AT559, 2 ind. (DBUA 001079.02), stn AT560, 
9 inds. (DBUA 001079.03), stn AT561, 3 inds. (DBUA 001079.04); TTR MV, TTR12, stn AT416, 16 inds. (DBUA
001082.01); Meknès MV, TTR14, stn AT541, 1 ind.; TTR15, stn AT581, 1 ind. (DBUA 001080.04), stn AT585, 1 
ind. (DBUA 001080.05), stn AT587, 1 ind. (DBUA 001080.06); MSM01-03, stn 321, 7 inds. (DBUA 001081.03), 
stn 335, 15 inds. (DBUA 001081.04); Yuma MV, TTR16, stn AT604, 4 inds. (DBUA 001083.01); Ginsburg MV, 
TTR16, stn AT607, 3 inds. (DBUA 001083.02); Jesus Baraza MV, TTR12, stn AT391, 1 ind. (DBUA 001082.02); 
Darwin MV, TTR16, stn AT608, 8 inds. (DBUA 001083.03); Captain Arutyunov MV, TTR12, stn AT399, 2 ind. 
(DBUA 001082.03); M SM 01-03, stn 212, 1 ind. (DBUA 001081.05), stn l94 , 2 inds. (DBUA 001081.06), stn 225, 
4 inds. (DBUA 001081.07), stn 274, 4 inds. (DBUA 001081.08), stn 344, 2 ind. (DBUA 001081.09); Formosa 
Ridge, TTR12, stn AT388, 2 ind. (DBUA 001082.04), stn AT389, 5 inds. (DBUA 001082.05); West o f Gilbratar 
Strait, TTR14, stn AT550, 3 inds. (DBUA 001079.05), stn AT552, 24 inds. (DBUA 001079.06); Pen Duick Escarp­
ment, TTR12, stn AT406, 18 inds. (DBUA 001082.06); TTR14, stn AT565, 1 ind. (DBUA 001079.07); TTR16, stn 
AT600, 8 inds. (DBUA 001083.04), stn AT602, 4 inds. (DBUA 001083.05).

Ecology and distribution. Amphipholis squamata is known from  several substrata (under stones, amongst 
algal and bryozoan turfs, rockpool weeds and occasionally on sandy bottoms) from  the intertidal to 1200 m. Cur­
rent distribution records suggests that it is abundant in the Eastern Atlantic from  Iceland along the European mar­
gin, M editerranean Sea, W est coast o f Africa, West and East coast o f South Africa and M adagascar (Alva & Vadon 
1989). The taxonomy o f this species is currently being investigated (S. Stöhr, per comm.). It is likely that this pre­
sum ed cosmopolitan species w ill turn out to be a complex o f cryptic species and that there w ill need to be a revi­
sion o f its geographic distribution.

This species can switch from  deposit feeding by collecting particles within its tube feet to suspension feeding 
via trapping detritus in mucus. In the G ulf o f Cadiz it was the most common ophiuroid, recorded from  10 mud vol­
canoes and at three other sites in association to carbonate chimneys and crusts as well as cold-water corals (Fig. 
7D). Young, intermediate and adult stages were found together at the same localities. This species was found at 
depths from  350 to 1379 m which is its deepest known record.

100|i nd

FIGURE 8. Amphipholis squamata. A, B, C, F: ventral aspect; D, I: dorsal aspect; E, H: arm ventrally; I: arm dorsally. A, B: 
specimen 1; C, D, E: specimen 2; F, G, H, I: specimen 3. All specimens were collected at the same location (TTR mud volcano).
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Amphioplus hexabrachiatus Stöhr, 2003
(Figs. 9-10)

Material examined. M ercator MV, TTR15, stn AT576, 4 inds. (DBUA 001084.01); Fiuza MV, TTR14, stn AT566, 
2 inds. (DBUA 001085.01); Kidd MV, TTR14, stn AT559, 2 inds. (DBUA 001085.02); Yuma MV, TTR14, stn 
AT524, 1 ind. (DBUA 001085.03); Darwin MV, TTR16, stn AT608, 1 ind. (DBUA 001086.01); Captain A ru­
tyunov MV, MSM01-03, stn 195, 1 ind. (DBUA 0010.87.01); Pen Duick Escarpment, TTR16, stn AT600, 1 ind..

Remarks. This species is hexamerous, reproduces asexually by division, and reaches a m axim um  size o f about
2.5 m m  disk diameter. This is the first six-armed species o f Amphioplus and the third species o f the genus known 
from  the deep North Atlantic. The specimens from  the G ulf o f Cadiz closely resemble the description and images 
given by Stöhr (2003). This is obviously a morphologically variable species; in the range o f body sizes observed in 
this study, key features such as the arrangem ent o f the oral papillae and buccal scale are often not developed. It is 
only in the larger specimens (disk diameter > 2 mm) w here the tentacle scales develop and are conspicuous. On the 
dorsal surface the developm ent o f the radial shields changes from  small plates only separated at the inner edge to 
more elongated, larger plates separated nearly the full length o f the plate only contiguous at the outer end. Smaller 
specim ens show distinct evidence o f fissiparity w ith one side o f the disk being less well developed and smaller.

Ecology and distribution. This species was described from  southwest o f Iceland at depths o f 1000-1500 m, 
collected by the Benthic Invertebrates o f Icelandic W aters (BIOICE) programme (Stöhr 2003). In the Gulf o f Cadiz 
(Fig. 7E) it was collected from  the Pen Duick Escarpment and mud volcanoes o f the M oroccan margin usually in 
areas w ith carbonate crusts or coral fram ework at depths between 414 and 1390 m extending the upper bathyal 
lim it from  1000 to 414 m. The records from  Cadiz also extend considerably the known geographical range of this 
species.

FIGURE 9. Amphioplus hexabrachiatus. A: ventral aspect; B: oral plates with papillae detail; C: arm ventrally; D: dorsal 
aspect; E: arm dorsally.

Family Amphilepididae Matsumoto, 1915 

Amphilepis ingolfíana Mortensen, 1933

Material examined. M ercator MV, TTR15, stn AT569, 1 ind. (DBUA 001088.01), stn AT575, 4 inds. (DBUA
001088.02), stn AT576, 5 inds. (DBUA 001088.03); M SM 01-03, stn 237, 1 ind. (DBUA 001089.01); Fiuza MV,
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TTR12, stn AT403, 1 inds.; Kidd MV, TTR14, stn AT559, 2 inds. (DBUA 001091.01); Yuma MV, TTR16, stn 
AT605, 1 ind. (DBUA 001092.01); Pen Duick Escarpment, TTR12, stn AT406, 1 ind. (DBUA 001090.01); TTR16, 
stn AT602, 1 ind. (DBUA 001092.02).

Ecology and distribution. Amphilepis ingolfiana is a deep-sea species (957-4829 m) known to occur in the 
NE Atlantic from the Rockall Trough south to off North Africa (Paterson 1985). In the Gulf o f Cadiz it was col­
lected at the M oroccan margin in four mud volcanoes and in the Pen Duick Escarpment, often associated with car­
bonate crusts and at shallower depths (353-975 m) than previously reported (Fig. 7F).

FIGURE 10. Amphioplus hexabrachiatus. Three specimens showing variation in both ventral and dorsal structures, a) and b) 
represent the largest diameter specimens with indented disk and well defined arrangement of oral papillae, c.) and d) mid sized 
specimen, e) and f) small specimen showing distinct signs of fissiparity. Bar scales = 1mm.

Family Ophiuridae Lyman, 1865 

Subfamily Ophiurinae Lyman, 1865 

Ophiura (Dictenophiura) carnea Lütken, 1858
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Material examined. M ercator MV, TTR15, stn AT569, 1 ind. (DBUA 001093.01).
Ecology and distribution. Ophiura carnea is reported from the M editerranean Sea and in the A tlantic from 

Norway south to the Cape Verde Islands at depths ranging 40 to 2857 m (Paterson 1985; Tyler & Fenaux, 1994). In 
the G ulf o f Cadiz it was recorded at a single station located near an active seepage area in the crater o f M ercator 
MV co-occurring w ith Amphiura chiajei, Amphiura filiformis and Amphilepis ingolfiana.

Family Ophiolepididae Ljungman, 1867 

Ophiomusium lymani Wyville Thomson, 1873

Material examined. Porto MV, M SM 01-03, stn 167, 1 ind. (DBUA 001094.01).
Ecology and distribution. Ophiomusium lymani is a bathyal and abyssal species w ith a w ide distribution in 

the Atlantic and Indo-Pacific oceans (Alva & Vadon 1989). In the A tlantic it has been reported from  SE Iceland 
south to Cap Blanc at depths ranging from  651 to 4829 m (Paterson 1985). The single record from  the G ulf o f 
Cadiz is w ithin its known bathym etric range. Only one specimen was collected from  Porto M V among the frenulate 
(Polychaeta; Siboglinidae) fields that cover the crater.

Discussion

The G ulf of Cadiz is presently the most extensive cold seepage area known from  European margins, spreading 
between 200 and 4000 m depths and including over 40 mud volcanoes w ith a variable seepage activity. To date, 
processed biological samples are available from  18 mud volcanoes, ophiuroids were recorded from  15 (Table 1). In 
addition ophiuroids have also been found at four sites from  other bathyal environm ents such as cold-water coral 
thickets and fields of carbonate chimneys and crusts (Table 1).

From a total o f 476 individuals from  60 samples thirteen different species were recorded, one o f which, Ophio­
pristis gadensis sp. nov., previously unknown. The mud volcano M ercator had the highest abundance (up to 256 
ind .m 2) and species richness; a total o f six species, w ith five co-occurring in a single box-core sample 
(area=0.25m2). M ost sam ples yielded one to three ophiuroid species and, in general, the shallower sites (<1400 m), 
which were also the best sampled, showed the highest species richness and abundance (Fig. 11). Globally, low 
abundance o f ophiuroids has been reported from  cold seeps (Stöhr & Segonzac 2005) but num bers per sample or 
area sampled are usually not available. The deeper mud volcanoes in the G ulf o f Cadiz are also the most active and 
the low num ber o f species recorded at these sites may be following a putative global pattern o f low ophiuroid 
diversity at cold seeps. However, rather abundant, large-sized ophiuroids were often recorded during deep-towed 
TV observations in Porto (3800 m— TTR16, TTR17, M SM 01-03), Bonjardim (3100 m— M SM 01-03, TTR17), 
Olenin (2610 m— TTR15) and Carlos Ribeiro mud volcanoes (2200 m— TTR11, TTR16, M SM01-03) (M.R. 
Cunha, pers. observation). The low abundance estim ates in the present study may be a consequence o f undersam ­
pling— only a few samples were collected at the deeper mud volcanoes— or a result o f the type of sampling gear. 
Large ophiuroids tend to be dispersed, thus corers w ith lim ited sampling area are not a good collecting gear for 
these animals.

The ophiuroids from  G ulf o f Cadiz were recorded from  the shallowest (AÍ Idrisi, 230 m) to the deepest (Porto, 
3862 m) mud volcanoes in this region and extend the known bathym etric ranges o f Amphilepis ingolfiana, Amphi­
ura sp. A, Amphiura grandisquama and Amphioplus hexabrachiatus, to shallower depths and o f Amphipholis squa­
mata to greater depths (Figs. 7, 12).

Previous records on deep-sea ophiuroids from  reducing environm ents compiled from  the available literature 
(Table 3) referred to four families, of which three, Ophiacanthidae, Ophiuridae and Amphiuridae are represented at 
cold seeps. These three families are also found in the G ulf o f Cadiz, but we can now add the occurrence o f Ophi­
actidae, form erly recorded only at hydrothermal vents.
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TABLE 3. Compilation of ophiuroid records from reducing environments. CS: cold seeps; V: hydrothermal vents; 0: non­
reducing environments. +: presence; (+): presence only in probably inactive adjacent habitats (e.g. cold water corals and car­
bonates in the vicinity of seeps).

Species O V CS

Ophiacanthidae

Ophiacantha aristata Koehler 1896 + a) (+) b)
Ophiacantha longispina Stöhr & Segonzac, 2005 (+) c)
Ophienigma spinilimbatum Stöhr & Segonzac, 2005 + c)
Ophiolamina eprae Stöhr & Segonzac, 2006 + d)
Ophiomitra spinea Verrili, 1885 + c) + c)
Ophioplinthaca chelys (WyvilleThomson, 1877) + a) + c)
Ophiopristis gadensis sp. nov. (+) b)
Ophiotreta valenciennesi Koehler, 1896 + c) + c) (+) c)

Ophiactidae

Ophiactis abyssicola (M. Sars,1861) + a) (+) b)
Ophiactis balli (Thompson, 1840) + a) + b)
Ophiactis tyleri Stöhr & Segonzac, 2005 + c) + c)

Amphiuridae

Amphioplus sp + c)
Amphioplus hexabrachiatus Stöhr, 2003 + e) + b)
Amphipholis squamata (Delle Chiaje, 1828) + f) + b)
Amphiura sp. + g)
Amphiura sp. sensu Stöhr & Segonzac 2005 + b) c)
Amphiura chiajei Forbes, 1843 + a) + b)
Amphiura filiformis (O.F. Müller, 1776) + a) + b)
Amphiura grandisquama Lyman, 1869 + a) (+) b)

Amphilepididae

Amphilepis ingolfiana Mortensen, 1933 + a) + b)
Ophiuridae

Ophiura carnea Lütken, 1858 + a) + b)
Ophiura clemens (Koehler, 1904) + + c)
Ophioctenella acies Tyler et al., 1995 + c) + c)
Ophiocten centobi Paterson, Tyler & Gage, 1982 + c) + c)
Ophiocten gracilis (GO. Sars, 1871) + + h)
Ophiomusium anaelisae Tommasi & Abreu, 1974 (+) i)
OphiomusiumlymaniVi. Thomson 1873 + a) f) + b)
Ophiopleura borealis Danielssen & Koren, 1877 + + h)
Spinophiura jolliveti Stöhr & Segonzac 2006 + d)

a) Paterson 1985; b) this study; c) Stöhr & Segonzac 2005; d) Stöhr & Segonzac 2006; e) Stöhr 2003; f) Alva & Vadon 1989; 
g) Levin & Mendoza 2007; h) Gebruk etal. 2003; i) Sumida et al. 2004.

Only two species o f the fam ily Ophiacanthidae were found in the G ulf o f Cadiz; the new species Ophiopristis 
gadensis sp. nov. and Ophiacantha aristata, both from  a single record in dead scleractinean corals, at the flank o f a 
mud volcano. W ithin the species o f Ophiacantidae recorded from  reducing environments, only Ophienigma spinil­
imbatum, found in association with tubeworms and mussels in four locations from  Barbados and G ulf of Mexico 
(1947 to 3300 m), is probably endem ic to cold seeps (Stöhr & Segonzac 2005); while Ophiolamina eprae, is ende­
mic to vents in the East Pacific. A small num ber o f individuals o f Ophiacantha longispina Stöhr & Segonzac, 2005
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have been collected from  the type locality at a Barbados cold seep, and this species does not show a particular asso­
ciation with reduced environments (Stöhr & Segonzac 2005), Ophiotreta valenciennesi rufescens Koehler, 1896 
w as collected from  scleractinean corals in the vicinity o f a cold seep, and this is the only species known to occur at 
vent, non-vent and cold seep sites (Stöhr & Segonzac 2005). Three other bathyal species o f this family are known 
to occur in reduced environments; Ophiomitra spinea Verrili, 1885, collected from  vent and non vent sites on the 
MAR, and Ophioplinthaca chelys (Wyville Thomson, 1877) from  the Barbados cold seeps (Stöhr & Segonzac 
2005, 2006).
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The family Ophiactidae was represented in the Gulf o f Cadiz by only a few records o f two Ophiactis species, 
(). abyssicola found in dead scleractinean corals and (). balli associated w ith carbonates and sandstones. Ophiactis 
abyssicola and Ophiactis tyleri Stöhr and Segonzac, 2005 were reported from  non vent M AR sites w ith the latter 
also occurring at vents (Stöhr & Segonzac 2005).

Amphiuridae was the best represented fam ily in the G ulf o f Cadiz w ith six species (Fig. 7), of w hich four 
belong to the genus Amphiura. Amphiura sp. A occurred mostly in the craters o f mud volcanoes, but it was also 
found associated with carbonate chimneys and crusts in areas w ith no evidence o f present seepage activity. Amphi­
ura filiformis has a w ide distribution in the G ulf o f Cadiz and was also found at mud volcanoes and in carbonate 
areas but never in co-occurrence w ith Amphiura sp. A. Amphiura chiajei and A. grandisquama were less common 
but also showed segregated distributions with the former associated only w ith soft sediments and the latter with 
hard substrates (carbonates and dead scleractinean corals) always off the crater. Amphipholis squamata was the 
m ost abundant and widespread ophiuroid in the G ulf o f Cadiz, occurring in 70% o f the samples and in all types of 
substrata. Amphioplus hexabrachiatus was also found on all types o f substrata. A t present, there are no records of 
Amphiuridae from  vent habitats and the records from  other cold seeps are restricted to the findings o f an undeter­
mined Amphioplus sp. from  the G ulf o f M exico (Stöhr & Segonzac 2005) and Amphiura spp. from  Barbados (Stöhr 
& Segonzac 2005) and Alaska (Levin & M endoza 2007).

The distribution o f Amphiura sp. A, known to occur both at Barbados (Stöhr & Segonzac 2005) and in the 
G ulf of Cadiz (this study) raises once more the question o f population connectivity in cold seep species. Trans- 
A tlantic larval dispersal along the equatorial belt region has been suggested to explain the occurrence o f genetically 
related Bathymodiolus populations at West Africa and the Barbados cold seeps (Cordes et al. 2007; Olu-LeRoy et 
al. 2007; Génio et al. 2008). In the case o f ophiuroids only known from  reducing environm ents but w ith wide 
A tlantic distributions, such as Ophioctenella acies (Stöhr & Segonzac 2005) and now Amphiura sp. A, further anal­
yses, particularly using molecular techniques would provide useful data on whether these distributions are a single 
species or examples of cryptic spéciation.

The families Ophiuridae and Ophiolepididae were poorly represented in the samples taken from  G ulf o f Cadiz. 
Only one species of each fam ily (Ophiura carnea and Ophiomusium lymani, respectively^ were collected although 
Ophiuridae appeared to be the dom inant background megafauna, recorded during video observations at the deeper 
mud volcanoes (M.R. Cunha, pers. observation). Sumida et al. (2004) reported abundant specimens o f Ophiomu­
sium anaelisae Tommasi & Abreu, 1974, accounting for 72% o f the fauna collected by dredging coral rubble and 
sedim ents from  pockm arks in Santos Basin off SE Brazil, but the authors did not provide strong evidence o f active 
seepage. Two other Ophiuridae species, Ophiocten gracilis (G.O. Sars, 1871) and Ophiopleura borealis Danielssen 
& Koren, 1877, dom inated the background community at the Haakon M osby M V (Gebruk etal. 2003). The same 
applies, for instance, to Carlos Ribeiro M V w here ophiurids were abundant at the flanks and base o f the mud vol­
cano although they appeared more scattered in the crater (M.R. Cunha, pers. observation). Specim ens in photo­
graphs taken w ith the ROV ISIS (NOCS) from  this mud volcano were identified as large individuals o f 
Ophiomusium lymani. Stöhr and Segonzac (2005, 2006) reported one Ophiuridae species from  East Pacific vents, 
Spinophiura jolliveti, possibly endemic; from  M AR three species have been reported; Ophiura clemens (Koehler, 
1904) and Ophiocten centobi Paterson, Tyler and Gage, 1982, both found at vent and non- vent sites, and Oph­
ioctenella acies. The distribution o f (). acies ranges from  1626 to 3500 m depth and encom passes several vents 
from  the M AR and cold seeps in the Western Atlantic; this species is considered by Stöhr and Segonzac (2005) as 
restricted to reducing environments.

Conclusions

Compared to other known cold seep areas, the G ulf o f Cadiz shows a highly diverse ophiuroid fauna w hich may be 
related to the high habitat heterogeneity (e.g. Cordes etal. 2010) and w ide bathym etric range o f the studied sites. A 
direct relationship to the chem osynthetic assemblages has not been established as the ophiuroids found in the mud 
volcanoes do not appear to have novel morphological adaptations and also occur in non-reducing environments. 
The data on deep-sea ophiuroids from  reducing environm ents compiled from  the available literature showed very 
different faunal compositions in hydrotherm al vents and cold seeps. The G ulf of Cadiz ophiuroid fauna is espe­
cially distinct by the dom inance o f the fam ily Amphiuridae (both in num ber o f species and abundance) contrasting 
w ith the absence o f records o f this family from  hydrothermal vents.
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