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ABSTRACT: Ninety-one specimens of Aponuphis from 27 stations off the western African
coast from Morocco to Angola as well as from two localities in the North Sea and from a
single locality off Mallorca in the Mediterranean Sea were examined using light and
scanning electron microscopy. A fragment of 16 rDNA was obtained for 29 specimens of
Aponuphis. A Neighbor Joining analysis revealed the presence of two species complexes
(A. bilineata species complex and A. brementi species complex), A. ornata and a potentially
new species Aponuphis sp. Besides three typical color morphs characteristic to 4. bilineata,
A. brementi, and A. ornata, the large number of specimens displayed indistinct color
patterns of transversal pigmented bands or dots on anterior chaetigers. Specimens with such
coloration were found in A. bilineata, A. brementi and the new species Aponuphis sp. Only
A. ornata showed constant “horse-shoe” color pattern.
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10 AHrousl, a Takke 3 CeBepHoro n Cpein3eMHOro Mopeit, ObII HCCeJ0BaH METOIaMU
CBETOBOI1 M CKAaHUPYIOIIEH AIIEKTPOHHOIN MUKpOocKonHH. [ToirydeHbl Mocie10BaTeIbHOCTH
yuactka rera 16S p/IHK mist 29 sxzemmsipoB u3 pona Aponuphis. Ha ocHOBe aHanm3a
TI0CIIEI0BATEIEHOCTEH METOI0M OJIMDKalIero coce/ia B MCCIEJOBAHHOM MaTepuase oOHa-
PYKEHBI JIBa BUJOBBIX KOMIUIEKCA (KOMILIEKC BUIOB A. bilineata v KOMIUIEKC BHIOB A.
brementi), a Takxe BUI A. ornata v OTCHIIMAIBHO HOBBIN [T HAYKU BUI Aponuphis sp.
AHann3 COOTBETCTBHSI [BETOBBIX MOP( FCHETHYECKUM BHIaM IOKa3aj, 4TO, HApSIy C
TpeMsi THIOBBIMH MOP(aMH, XapaKTePHBIMH Uil TPEX BBIMICTICPECUHUCICHHBIX BHIIOB,
UMeeTCst O0JIBIIIOE YUCIIO SK3EMIUISIPOB C HESIBHOM OKPACKOM B BUJIE TOHKHX MOTIEPEUHBIX
JIOP3aJIbHBIX TTOJIOCOK MJIH TOYEK. J[aHHbBIe 9K3EMILISIPBI BCTPEUAIOTCS KaK y HOBOTO, paHee
HEHM3BECTHOTO BUa Aponuphis sp., TaK ¥ B paMKax BHJIOBBIX KOMIUIEKCOB A. bilineata n A.
brementi. Vicknouenue coctaBuil 4. ornata ¢ XapakTepHBIM I10JIKOBOOOPa3HBIM PUCYHKOM
Ha MEepeHNX CErMEHTax, BCE MCCIIEA0BAHHBIC K3EMIUISIPbI KOTOPOTo 0011y CXOKHM
MATTEPHOM.

Kak nmtupoBath o1y crareio: Borisova P.B., Schepetov D.M., Budaeva N.E. 2018.
Aponuphis Kucheruk, 1978 (Annelida: Onuphidae) from western African waters // Invert.
Zool. Vol.15. No.1. P.19-41. doi: 10.15298/invertzool.15.1.02
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KyJsIpHO-TeHeTH4Yeckuid aHanmms, 16S p/IHK, mBeToBoit mommmopdusm.

Introduction

Aponuphis Kucheruk, 1978 has been de-
scribed for Onuphis-like worms lacking peris-
tomial cirri (Kucheruk, 1978). Aponuphis and
Onuphis Audouin et Milne Edwards, 1833 are
morphologically very similar genera sharing the
presence of long multiringed palpophores ex-
ceeding in length the palpostyles. In both gen-
era, the anterior three to seven pairs of parapo-
dia are modified but not enlarged and bear bi- to
tridentate (rarely quadridentate) pseudocom-
pound falcigers with short pointed hoods. Sim-
ple strap-like branchiae, if present, start in the
anterior part of the body and continue through-
out the whole length of a worm.

In her generic revision of Onuphidae, Pax-
ton (1986) assigned six species previously de-
scribed as Hyalinoecia Malmgren, 1867 or
Onuphis to Aponuphis. Hyalinoecia also lacks
peristomial cirri and this character was consid-
ered to have high diagnostic value in early
onuphid studies. Paxton (1986) has demonstrat-
ed that Hyalinoecia and Aponuphis belong to
two different subfamilies: Hyalinoeciinae Pax-
ton, 1986 and Onuphinae Kinberg, 1865 re-
spectively. After Paxton’s revision, two abran-

chiate species, Aponuphis chistikovi Detinova,
1985 from the Reykjanes Ridge in the northern
Mid-Atlantic and 4. willsiei Cantone et Bellan,
1996 from the Gulf of Marseille, Mediterranean
were described. Recently, three new species
have been described from eastern Australia (Pax-
ton, 2017), bringing the total number of species
in the genus to ten and expanding the geograph-
ical range of the genus to southern Pacific (Ta-
ble 1).

Aponuphis has been previously reported from
African waters (Fauvel, 1936; Rullier, 1965).
Intes and Le Loeuff (1975) reported 4. bilineata
(Baird, 1870) from Senegal and Ivory Coast at
depths around 100 m and 4. fauveli (Rioja,
1918) from Senegal and Togo at depths between
25 and 200 m. Kirkegaard (1988) reported Apo-
nuphis along the western African coast from
Morocco to Gabon. He followed Bellan (1964)
in combining all described species of Aponu-
phis into a single species, 4. bilineata, with high
intraspecific variation. However, he made an
exception for A. fauveli based on the appear-
ance of the branchiae on the first chaetiger and
considered it as a valid species. Kirkegaard
(1988) also reported a subspecies of A. fauveli,
A. fauveli africana (Rullier, 1965), with the
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Fig. 1. Various color morphs in Aponuphis. A, B — A. bilineata; C — A. ornata; D-F — A. brementi.
Puc. 1. LiBeroBere Mopdsl B pone Aponuphis. A, B — A. bilineata; C — A. ornata; D-F — A. brementi.

distinct color pattern of two pigmented anterior ~ southwestern Europe based on type and large
segments with following 8—10 chaetigers bear- non-type material of all valid species. They
ing lunular rusty spots. suggested synonymization of Aponuphis rubra

Recently Arias and Paxton (2015) have re- (Langerhans, 1880) with A. bilineata and A.
vised the fauna of Onuphis and Aponuphis from  fauveli with A. brementi (Fauvel, 1916). Sever-
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al color morphs were reported in species with
branchiae. A. bilineata displayed two color
morphs with typical pattern of two longitudinal
dorsal stripes along the whole body (Figs 1A,
2A) and an additional much darker morph with
the anterior part of the body almost completely
pigmented. 4. brementi bore a pair of dark
dorsal round spots on each segment (Figs 1D,
2D), while 4. ornata (Fauvel, 1928) had a
typical “horse-shoe” pattern formed by a band
and two large square spots on adjacent chaeti-
gers (Figs 1C, 2C). The abranchiate 4. willsiei
lacked a color pattern. Arias and Paxton (2015)
suggest that color morphs can be used in species
identification in Aponuphis, however this char-
acter should be used with caution since some
specimens may lose coloration in preserved
condition.

Very little genetic data are known for 4po-
nuphis. A single specimen of Aponuphis bilin-
eata was used in a phylogenetic analysis of
Eunicida (Struck et al., 2006). Two more spe-
cies were included in the analysis of phyloge-
netic relationships within Onuphidae, where
Aponuphis was shown to be monophyletic and
sister to Onuphis (Budaeva et al., 2016). How-
ever, the analysis included only few representa-
tives of both genera and larger taxon sampling is
required to confirm their phylogenetic status.

Both Onuphis and Aponuphis are tubicolous
sediment dwellers constructing cylindrical tubes
with inner mucous or parchment-like layer cov-
ered with mud or sand particles, rarely tough
and smooth, lacking any foreign particles (Pax-
ton, 2017). Unlike species-rich Onuphis with
world-wide distribution, Aponuphis is a rela-
tively small genus comprising ten species re-
ported only from the North Atlantic and eastern
Australia (Paxton, 1986, 2017; Arias, Paxton,
2015) (Table 1).

The goal of the present study is to examine
material of Aponuphis from the western Afri-
can waters combining morphological and
molecular methods. We aim to assess the cor-
respondence of the color morphs with the mor-
phological and genetic species in Aponuphis
and to clarify their distribution in the eastern
Atlantic.

P.B. Borisova et al.

Materials and Methods

Study area

Material used in the present study was bor-
rowed from the collection of the University
Museum of Bergen. The samples were collected
during two projects: Canary Current Large
Marine Ecosystem (CCLME) project and Gui-
nea Current Large Marine Ecosystem (GCLME)
project. Ninety-one specimens from 27 stations
were collected between 2005 and 2012 along
the western African coast from Morocco to
Angola using a grab or a sledge (Appendix 1).
The sampled depth range was from 7 to 518 m
however most of the samples were obtained at
depths around 60—-100 m. In addition, the speci-
mens from two stations from the North Sea and
from a single locality off Mallorca in the Me-
diterranecan Sea were examined. Panmap
(Diepenbroek et al., 2000) was used to build the
distribution maps of the studied species.

Morphology

Part of the material was fixed in 4% formalin
and later transferred into 75% ethanol. Speci-
mens used for DNA analysis were fixed in 96%
ethanol. Morphology of the specimens was stud-
ied using light and scanning electron microsco-
py. Identification of different morphotypes was
done using a Leica MZ16 dissecting micro-
scope. Slides of parapodia and chaetac were
photographed using a Leica DM6000 B light
microscope. For scanning electron microscopy,
specimens were dehydrated in a graded ethanol
series, critical-point dried, sputter coated with
gold and examined with a ZEISS Supra 55VP
scanning electron microscope and a Camscan S-
2 scanning electron microscope. All materials
are deposited in the University museum of Ber-
gen (ZMBN).

Molecular methods

We have sampled 29 specimens of Aponu-
phis representing six different color morphs. In
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Fig. 2. Schematic interpretation of various color morphs in Aponuphis. A, B— A. bilineata; C — A. ornata;
D-F — A. brementi.

Puc. 2. Cxematnueckoe nu3o0pakeHue 1BETOBBIX MOpd B pojae Aponuphis. A, B — A. bilineata; C — A.
ornata; D-F — A. brementi.
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Table 1. Valid species of Aponuphis and their synomyms.
Tabnuna 1. Banuanaeie Buas! poga Aponuphis ¥ X CHHOHUMBL.

Species

Synonymised names

Aponuphis annae Paxton, 2017

Aponuphis bellani Paxton, 2017

Aponuphis bilineata (Baird, 1870)

Aponuphis rubra (Langerhans, 1880)

Aponuphis brementi (Fauvel, 1916)

Aponuphis fauveli (Rioja, 1918)

Aponuphis chistikovi Detinova, 1985

Aponuphis danicae Paxton, 2017

Aponuphis grubii (Marenzeller, 1886)

Aponuphis bilineata grubii
(Marenzeller, 1886)

Aponuphis ornata (Fauvel, 1928)

Aponuphis rigida (Claparéde, 1868)

Aponuphis willsiei Cantone et Bellan,
1996

Aponuphis willsii [auct.]

addition, three sequences of 16S rDNA of 4.
Sfauveli, A. bilineata and Aponuphis sp. were
retrieved from GenBank. Seven sequences rep-
resenting four Onuphis species were included in
the analysis to check the monophyletic status of
both genera. Hyalinoecia tubicola (O.F. Miiller,
1776) and Nothria conchylega (Sars, 1835)
belonging to the sister subfamily Hyalinoecii-
nae were used as outgroups. Collection data and
Genbank accession numbers of all specimens
included in the molecular analysis are shown in
Table 2.

Genomic DNA was extracted from 96%
ethanol fixed samples using silica gel (glass
milk). A fragment of mitochondrial gene 16S
rDNA (~400 bp) was amplified using the fol-
lowing primers: forward 16Sarl CGCCTGTT-
TAACAAAAACAT (Palumbi etal., 1991) and
reverse 16SR CCGRTYTGAACTCAGCT-
CACG (Puslednik, Serb, 2008). The total vol-
ume of PCR was 20 pl. PCR were performed
using two commercial Evrogen™ kits follow-
ing the instructions provided by the producer:
Encyclo Plus PCR kit (0.1 p1 50X Encyclo DNA
Polymerase; ddH,O; 4 ul 5X Encyclo Red buft-

er; 0.4 pl S0X dNTP; 0.2—0.5 pl (10 Pmol/pl) of
each primer) and Screen Mix 5X (4 pl Screen
Mix 5X; ddH,O; 0.2-0.5 pl (10 Pmol/pl) of
each primer) with 1-2 pl of DNA template. PCR
thermal conditions were: 1 cycle: 95°C/5 min;
3540 cycles: 95°C /15 s, 50-52°C/40's, 72°C/
45 s; 1 cycle: 72°C/2 min. The results of PCR
were verified using 1% agarose gel electro-
phoresis with ethidium bromide. Purification of
the PCR products was done using Ethanol/
EDTA/Sodium Acetate Precipitation. Sequenc-
ing reactions for both strands of the amplified
genes were performed using BigDye Termina-
torv3.1 Cycle Sequencing Kit (Applied Biosys-
tems) using the same primers as for PCR. Prod-
ucts were sequenced using Applied Biosystems
automated sequencer ABI 3500.

Sequence contigs were assembled in Codon-
Code Aligner v. 6.0. Alignment was conducted
using the MUSCLE (Edgar, 2004) algorithm
implemented in MEGA v. 7.0 (Kumar et al.,
2016) with the following settings: -400 gap
opening penalty, -50 gap extension penalty. We
used Neighbor Joining algorithm implemented
in MEGA v.5.1 to provide graphical interpreta-
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Table 2. List of species used in the phylogenetic analyses with description of color morphs, geographi-
cal localities and GenBank accession numbers.

Tabauua 2. CIiCOK BHIOB, HCHOJIB30BAHHBIX B MOJIEKYJIIPHOM aHAIN3€E, C yKa3aHUEM LBETOBOI
MOpdBbl, reorpahuIecKoro MECTOHAXOXKACHUS 1 PErHCTPallHOHHOTO HoMepa ['enbaHKa Ui KaXK10ro

9K3EMILISIPA.
Catalo- GenBank
. Clade .
Species Color pattern gue Country Accession
code
number Number

two longitudinal ZMBN Morocco, 29.0031°N

Clade A | ibes 91345 11.2162°W, 106 m KX874564
two longitudinal ZMBN Morocco, 29,6089°N

Clade A | ihes 91346 10.2905°W, 102 m KX874565
two longitudinal ZMBN Morocco, 32.5418°N

Clade A | i ines 91348 | 9.6138°W. 101 m KX874566
two longitudinal ZMBN W. Sahara, 27.1015°N

Clade A | (4 ives 111713 | 13.672°W, 125 m KX874568
two longitudinal ZMBN Morocco, 29.0031°N

Clade A | s 111714 | 112162°W, 106 m | KX874562
two longitudinal ZMBN Morocco, 29.0031°N

Clade A | i ines 91344 11.2162°W, 106 m KX874363

. two longitudinal ZMBN Norway, 61.213°N
A. bilineata Clade A stripes 91718 1.816°E, 148 m KX874572

two longitudinal ZMBN Norway, 61.432°N

Clade A | ioes 91720 | 1.927°E, 266 m KX874573
two longitudinal ZMBN Morocco, 29.6089°N

Clade B | iies 91347 10.2905°W, 102 m KX874567
two longitudinal ZMBN Morocco, 29.6089°N

Clade B | ines 111719 | 10.2905°W, 102 m KX874561

. ZMBN Spain, Mzcl)llorca,
Clade C | paired lateral dots 111716 39.72125°N KX874569

3.46395E°, 10-18 m
Spain, Mallorca,

Clade C | paired lateral dots | “Vo0 | 39.72125°N KX874570
3.46395°E, 10-18 m

light-brown ZMBN | Benin, 6.0358°N

Clade D | peristomium, Fhm 91341 1.3557°E, 44 m KX874580
transversal stripes
light-brown
. . . ZMBN Gabon, 2.453°S
Clade D | peristomium, t.hln 91352 9.045°E, 109 m KX874574
. transversal stripes
A. brementi - - po .
dark peristomium and ZMBN Sao Tomé and
Clade E | chaetiger 1, 91342 Principe, 1.6193°N KX874578
transversal bands 7.3364°E, 47 m
dark peristomium and 7MBN Sdo Tomé and
Clade E | chaetiger 1, 91343 Principe, 1.6193°N KX874579
transversal bands 7.3364°E, 47 m
dark peristomium and
. - ZMBN Cameroon, 3.291°N a
A. fauveli Clade E | chaetiger 1, 91312 9.5695°E, 37 m KJ027318
transversal bands
2—4 brown dorsal
. ZMBN W. Sahara, 27.0158°N
Clade F | spots on anterior 91415 13.5021°W, 32 m KX874576
A. brementi segments
' 2—4 brown dorsal o
Clade F | spots on anterior ZMBN W. Sahara, 27.0158°N KX874577

91414 13.5021°W, 32 m

segments
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Table 2 (continued).
Tabmuma 2 (MpomoIKeHNE).
ZMBN Gabon, 2.8702°S
9 ,
Clade F | 2 91340 | 9.4242°E, 105 m KX874581
light-brown 7MBN Cape Verde,
Clade F | peristomium, thin 15.444°N 23.1366°W, | KX874582
. 111724
transversal stripes 82 m
A. brementi light-brown .
. . . ZMBN Nigeria, 4.0718°N
Clade F | peristomium, Fhm 111725 6.6437°E, 40 m KX874583
transversal stripes
2-4 brown dorsal
. ZMBN Morocco, 33.6879°N
Clade F | spots on anterior 91412 7.6144°W. 55 m KX874575
segments
USNM Banyuls, France,
Aponuphis sp. | Clade F | ? 42.4892°N 3.1873°E, | KJ027319*
1207008
70 m
« ’ ZMBN Morocco, 32.4725°N
Clade 1 horse-shoe” pattern 111727 9.2744°W. 40 m KX874586
w N ZMBN Morocco, 33.6879°N
Clade 1 horse-shoe” pattern 111728 7.6144°W. 55 m KX874585
w . ZMBN Morocco, 32.4725°N
A. ornata Clade I horse-shoe” pattern 91354 9.2744°W. 40 m KX874587
w . ZMBN Morocco, 33.6879°N
Clade I horse-shoe” pattern 91357 7.6144°W. 55 m KX874588
“ ’ ZMBN Morocco, 32.4725°N
Clade 1 horse-shoe” pattern 91355 9.2744°W. 40 m KX874589
colorless
. . . . ZMBN Senegal, 14.4596°N
Aponuphis sp. | Clade G | peristomium, Fhm 111729 17.6104°W. 498 m KX874590
transversal stripes
colorless ZMBN Mauritania,
Aponuphis sp. | Clade G | peristomium, thin 111730 17.3388°N KX874591
transversal stripes 16.7587°W, 518 m
A. bilineata CladeH | ? Qawra, Malta AY838824°
Onuphis not reported AY838839°
elegans M
(Johnson, us Washington, USA GQ478128°
1901) 1121747
Onuphis
iridescens Bamfield, Canada | HM746715¢
(Johnson,
1901)
0. cf. USNM . . ¢
iridescens 1121744 California, USA GQ478127
. USNM a
001:245:5 1207006 Massachusetts, USA KJ027343
. ZMBN Newfoundland Great a
(Verrill, 1873) 91332 Bank, Canada KJ027344
Onuphis
shirikishinaen ZMBN Primorsky Krai, a
sis (Imajima, 91333 Russia KJ027345

1960)
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Table 2 (continued).
Tabmuma 2 (MpomoIKeHNE).

Clade Catalo- GenBank

Species code Color pattern gue Country Accession
number Number
Hyalinoecia
tubicola (O.F. gi\;ﬂ;l)\l Bergen, Norway KJ027333*
Miiller, 1776)
Nothria Kuril Islands, Sea of
conchylega ZMBN Okhotst Russia, KJ027342°
(Sars, 1835) 91331 46.9712°N
’ 152.2017°E, 245 m

a — sequences from Budaeva ef al. (2016), b — sequences from Struck et al. (2006), ¢ — sequences from Zanol

et al. (2010), d — sequences from Paul et al. (2010).

a — mnocienoBarensHocTH U3 Budaeva et al. (2016), b — nocnenoBarensHocT U3 Struck et al. (2006), ¢ —
nocienoBarenbHocT U3 Zanol et al. (2010), d — nocnenosarensHocT U3 Paul ef al. (2010).

tion of the species tree based on p-distance.
Bootstrap was performed in 100,000 iterations
to provide the node support. Automatic Bar-
code Gap Discovery (ABGD) (Puillandre et al.,
2012) based on pairwise differences available
at http://www.abi.snv.jussieu.fr/public/abgd/
was used to define species boundaries.

Molecular analysis

The dataset had 397 aligned positions with
129 parsimony informative positions and 161
variable sites. Aponuphis appeared monophyl-
etic with 100 bootstrap support. Onuphis ap-
peared monophyletic and sister to Aponuphis
with high bootstrap support (BS 96).

The ABGD analysis ofthe 16S rDNA dataset
recovered nine potential species of Aponuphis
(Fig. 3A-I). We were not able to find morpho-
logical differences between the clades identi-
fied as A. bilineata and A. brementi and there-
fore treat them as species complexes which
require further investigation and formal de-
scription of potentially new species. Pairwise
genetic distances between the putative species
are shown in Table 3.

The Aponuphis bilineata species complex
formed a monophyletic clade with 100 boot-
strap support. This clade was subdivided into
three subclades (Fig. 3A—C) with 3.9-5.4%
genetic distances between them. Specimens with
the typical two longitudinal stripes along the

body were separated into two clades: clade A
(BS 100) found in the North Sea and in the
northwestern African waters and clade B (BS
100) reported from Morocco. Two specimens
from Mediterranean (Spain) with previously
unknown color pattern of paired lateral dots
formed clade C (BS 100).

The Aponuphis brementi species complex
(BS 96) also consisted of three monophyletic
subclades (Fig. 3D-F) with 5.2-9.3% genetic
distances between them. Clade D (BS 100)
comprised two specimens from Gabon and Be-
nin with indistinct coloration of slightly brown-
ish peristomium and thin transversal stripes on
the anterior body segments. Clade E (BS 100)
combined specimens from Sdo Tomé and Princi-
pe and 4. fauveli previously reported from Cam-
eroon by Budaeva et al. (2016). All specimens
had a distinct color pattern of a darkly pigment-
ed peristomium and chaetiger 1 with subsequent
brownish dorsal stripes located at the segment
borders. Clade F (BS 99) was of wide distribu-
tion from the French coast to Gabon and com-
bined specimens with two color morphs: previ-
ously described very distinct color pattern of
paired dorsal dark brown spots and the pattern
similar to the specimens from the clade D with
indistinct dorsal transversal bands.

Clade G (BS 100) comprised two specimens
from the deep (about 500 m) localities off Mau-
ritania and Senegal. The specimens shared the
presence of branchiae starting from chaetiger 5
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A. brementi
species complex
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Fig. 3. Phylogenetic tree resulting from the Neighbor Joining analysis of 16S rDNA sequences of Aponuphis
species. Numbers on nodes indicate bootstrap support. Capital letters correspond with the clades discussed

in the text.

Puc. 3. ®unorenernueckoe AepeBo, IOCTPOSHHOE METOIOM OJiKaiilero coceqa Ha OCHOBE MOCIEI0BA-
tensHOCTeH rena 16S p/IHK s BunoB Aponuphis. 3HaueHns B y371ax AepeBa OTOOPaXKaloT MOIJIEPIKKY
OyTtcTper. 3ariaBHbIe OYKBBI COOTBETCTBYIOT KJIalaM, 00CYK/IaeMbIM B TEKCTE.

and possibly represent a new species. The color
pattern of the two studied specimens was indis-
tinct with the peristomium lacking pigmentation
and transversal stripes present on anterior cha-
etigers. Clade H was represented by a single
specimen reported from Malta by Struck et al.

(2006) under the name A. bilineata. The color
pattern of this specimen is unknown, and its
taxonomic position is unresolved. Clade I (BS
100) combined all specimens from Morocco
with typical “horse-shoe” color pattern on ante-
rior segments identified as Aponuphis ornata.
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Table 3. Estimates of evolutionary divergence over 16S rDNA sequence pairs between the Aponu-
phis clades revealed in the analysis. Clade codes correspond with those on Fig. 3.
Tabmuma 3. OueHka BONIONMOHHBIX TUCTAHIMNA MEXIY mocienoBaTenbHocTssMu rena 16S pIHK y
BUIOB Aponuphis. O603HauEHHS KJIaJ COOTBETCTBYIOT TAKOBBIM Ha pHC. 3.

A. bilineata species A. brementi species Aponu- A('S[zﬁf:ﬁ?ta A. or-
complex complex Dphis sp. al., 2006) nata
gzge A B C D E F G H I
A
B 4.9%
C 54% | 3.9%
D 11.7% | 11.8% | 12.3%
E 12.3% | 13.0% | 11.0% 9.3%
F 12.0% | 12.1% | 11.0% 6.3% 5.2%
G 16.7% | 17.7% | 16.9% | 152% | 15.8% | 15.9%
H 15.7% | 16.5% | 16.9% | 14.0% | 17.4% | 15.0% | 11.2%
I 15.7% | 16.4% | 16.9% | 153% | 17.4% | 17.8% | 10.6% 7.5%

Taxonomic account

Aponuphis bilineata (Baird, 1870)
species complex
Figs. 1,2, 4, 5.

Hpyalinoecia bilineata Baird, 1870: 358-359; Rioja,
1918: 44; Fauvel, 1936: 51; Bellan, 1960: 18; Intes, Le
Loeuff, 1975: 309.

Hpyalinoecia rubra Langerhans, 1880: 292.

Aponuphis bilineata. — Kucheruk, 1978: 91; Aguir-
rezabalaga et al., 2002: 27; Arias, Paxton, 2015: 358-360.

MATERIAL EXAMINED:

Western Africa, RV Fridtjof Nansen: ZMBN
91344, Morocco, St. GR37 (1 DNA voucher);
ZMBN 91345, Morocco, St. GR37 (1 DNA
voucher); ZMBN 91346, Morocco, St. GR40 (1
DNA voucher); ZMBN 91348, Morocco, St.
GR49 (1 DNA voucher); ZMBN 111713, West
Sahara, St. GR28 (1 DNA voucher); ZMBN
111714, Morocco, St. GR37 (1 DNA voucher);
ZMBN 111719, Morocco, St. GR40 (1 DNA
voucher); ZMBN 91413, Morocco, St. GR37 (1
DNA voucher); ZMBN 91348, Morocco, St.
GR-49 (1); ZMBN 91344, West Sahara, St. GR-
28 (8); ZMBN 91347, Morocco, St. GR40 (6);
ZMBN 91341, Morocco, St. SL38 (5, 1 on SEM
stub); ZMBN 91342, Guinea, St. 7GU-3C (1);
ZMBN 91415, Morocco, St. GR37 (1 on SEM

stub); ZMBN 91340, Sdo Tomé and Principe,
St. E5-7-5B (10).

Mediterranean: ZMBN 111716, Spain, off
Mallorca, 39.72125°N 3.46395E°, 10-18 m (1
DNA voucher); ZMBN 111717, Spain, off
Mallorca, 39.72125°N 3.46395E°, 10-18 m (1
DNA voucher).

North Sea: ZMBN 91718, Norway, St. SFB-
11 11, 61.213°N 1.816°E, 148 m (1 DNA
voucher); ZMBN 91720, Norway, St. SFNE-
01 11, 61.432°N 1.927°E, 266 m (1 DNA
voucher).

TYPE LOCALITY: off Cornwall, Great
Britain, 73 m.

REMARKS: Antennae reach chaetiger 10—
15 (Fig.4A). First 67 chaetigers with tridentate
falcigers (Fig. 4E, F), bidentate falcigers were
reported in previous descriptions (Arias, Pax-
ton, 2015) but were absent in the studied mate-
rial. Subulate ventral cirri present on the first
five chaetigers (Fig. 4B, C). Branchiae simple
strap-like, starting from chaetiger 5. Subacicu-
lar hooks from chaetiger 10 (Fig. 4D). Three
clades are recovered within 4. bilineata (Fig.
3A-C). Two clades (A and C) have the typical
color pattern of two large spots on the peristo-
mium continuing into two longitudinal orange
stripes on the dorsal side. Additional lateral
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Fig. 4. Morphology of Aponuphis bilineata. A — anterior part of the body, lateral view; B — parapodia of
chaetigers 3—5, arrow indicates the first branchia on parapodium 5; C — parapodia of chaetigers 5-7, arrow
indicates ventral glandular pad on parapodium 6; D — parapodia of chaetigers 9-11, arrow indicates
subacicular hooks on parapodium 10; E, F — pseudocompound falcigers from anterior parapodia. A—E —
scanning electron micrographs; F — light micrograph.

Puc. 4. Mopdonorudeckue npusHaku Aponuphis bilineata. A — niepennuii otaen tena, Buja cOoky; B —
naparnoin 3—5-ro CErMeHTOB, CTPEJIKa YKa3bIBaeT Ha EPBYI0 skabpy Ha 5-M cermenre; C — napanoanu 5—
7-rO CEerMEHTOB, CTPEJIKA YKa3bIBACT HA BEHTPAJIbHYIO JKEJIE3UCTYIO MOAYLICUKy Ha 6-M cermeHte; D —
naparnoanu 9—11-ro cerMeHToB, CTpesika yKa3blBaeT Ha CyOalKyIsipHble Kproubs Ha 10-m cermente; E, F —
TICEB/IOCOYICHHBIC KPIOYKOBHU/IHBIC [IIETHHKHU Ha [IEPEIHNX Mapanousx. A—E — CKaHHUPYIOLIKE 3IEKTPOH-
Hble MUKpo(oTorpadun; F — ceroBas mukpodororpadus.

pigmented spots are visible on each segment at  stomium and first 3—4 chaetigers with two large
the bases of the parapodia (Figs 1A, 2A). This  brownish spots almost filling dorsal surface of
pattern was named by Arias & Paxton (2015)as  segment, sometimes coalescing medially; from
morph (1). Morph (2) was described as “peri- chaetiger 45 to median region two longitudinal
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Fig. 5. Distribution of Aponuphis bilineata. Black
star indicates the type locality; black circles indicate
localities from which genetic data were available;
white circles indicate localities without genetic data;
white squares indicate data from literature (Arias,
Paxton, 2015).

Puc. 5. Pactipoctpanenue Aponuphis bilineata. Yep-
HOU 3Be370H OTMEYEHO THIIOBOE MECTOHAXOXKIe-
HUE; YepHBIMH KPYraMH OTMEUYEHBI CTaHIUH, JUIS
KOTOPBIX MOJYyYeHBI MOJEKYJISIPHO-T€HETHIECKHE
JTaHHBIE; OSITBIMH KPYraMH OTMEUEHBI CTAaHIINH, IS
KOTOPBIX MOJIEKYJISIPHO-T€HETHUECKIX JJAHHBIX HET;
OeJBIMH KBa{paTaMH OTMEYCHBI JaHHBIE U3 JINTEpa-
Typsl (Arias, Paxton, 2015).

dorsal pigmented stripes discoursing laterally
close to parapodia” (Arias, Paxton, 2015). This
morph was not present in the studied material.
Clade C comprised specimens collected off
Mallorca, Spain with slightly pigmented peris-
tomium and a pair of lateral pigmented dots on
each segment (Figs 1B, 2B) representing the
third previously unknown color morph in this
species complex.

DISTRIBUTION: East Atlantic, North Sea,
Mediterranean, in western Africa from Moroc-
co to Sdo Tomé¢ and Principe. Clade A — North
Sea, off Morocco and Western Sahara, 101-266

m; clade B — off Morocco, 102 m; clade C —
off Mallorca, Spain, 10-18 m (Fig. 5).

Aponuphis brementi (Fauvel, 1916) species
complex
Figs. 1,2,6,7.

Hyalinoecia brementi Fauvel, 1916: 5, Figs. 2-3.

Aponuphis brementi. — Paxton, 1986: 54; Arias,
Paxton, 2015: 360-361, Fig. 7C.

Hyalinoecia fauveli Rioja, 1918: 45; Fauvel, 1923:
424, Fig. 167a-h; 1936: 52; Bellan, 1960: 18; Intes, Le
Loeuff, 1975: 309; Amoureux, 1977: 55; Kirkegaard,
1988: 33.

Hyalinoecia fauveli africana Rullier, 1965: 37; Kirke-
gaard, 1988: 33.

Aponuphis fauveli. — Paxton, 1986: 54; Aguirreza-
balaga et al., 2002: 27.

MATERIAL EXAMINED: RV Fridtjof
Nansen: ZMBN 91340, Gabon, St. 5G-12 (1
DNA voucher on SEM stub); ZMBN 91341,
Benin, St. 7BN-1E (1 DNA voucher); ZMBN
91342, Sao Tomé and Principe, St. 7SP-03 (1
DNA voucher); ZMBN 91343, Sdo Tomé and
Principe, St. 7SP03 (1 DNA voucher); ZMBN
91352, Gabon, St. 5G-10 (1 DNA voucher on
SEM stub); ZMBN 91412, Morocco, St. GR56
(1 DNA voucher on SEM stub); ZMBN 91414,
Western Sahara, St. GR27 (1 DNA voucher);
ZMBN 91415, Western Sahara, St. GR27 (1
DNA voucher); ZMBN 111724, Cape Verde,
St. SL02 (1 DNA voucher); ZMBN 111725,
Nigeria, St. 6N-15 (1 DNA voucher); ZMBN
91312, Cameroon, St. 5C-11(1); ZMBN 91349,
Sdo Tomé and Principe, St. 5SP-03 (1); ZMBN
111731, Angola, St. 7AN-01 (8, 2 on SEM
stub); ZMBN 111732, Angola, St. 7AN-02 (1);
ZMBN 116036, Angola, St. 7AN-04 (6); ZMBN
116037, Cape Verde, St. SL02 (1); ZMBN
116039, Ghana, St. 7GH-1E (1); ZMBN 116040,
Ghana, St. 7GH-04 (2); ZMBN 116041, Ghana,
St. 7GH-7D (1); ZMBN 116043, Morocco, St.
GR56 (2); ZMBN 116044, Nigeria, St. SN-17
(1); ZMBN 116045, Nigeria, St. 6N-15 (2);
ZMBN 116046, Nigeria, St. 6N-23 (1).

TYPE LOCALITY: Monaco, Mediterra-
nean.

REMARKS: Antennae reach chaetiger 15—
20 (Fig. 6A). First six chaetigers with tridentate
pseudocompound falcigers (Fig. 6D). Biden-
tate falcigers reported by Arias and Paxton
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Fig. 6. Morphology of Aponuphis brementi. A — anterior part of the body, lateral view, arrow indicates the
first branchia on chaetiger 1; B — parapodia of chaetigers 7—6, arrow indicates ventral glandular pad on
parapodium 7; C — parapodia of chaetigers 12—14, arrow indicates subacicular hooks on parapodium 13;
D — tridentate pseudocompound falcigers; E — subacicular hooks. A—C, E — scanning electron
micrographs; D — light micrograph.

Puc. 6. Mopdonorudeckue npusHaku Aponuphis brementi. A — nepeauuit otaen Tena, BUa cO0Ky, CTpenka
yKa3bIBaeT Ha MepBYIo )kadpy Ha 1-M cermenTe; B — mapanoanu 6—7-ro CerMeHTOB, CTpeJKa yKa3bIBaeT Ha
BEHTPAITBHYIO KEJIE3UCTYIO MOAyIIeuKy Ha 7-M cermenTe; C — mapamoanu 12—14-ro cerMeHTOB, cTpeiKa
yKa3bIBaeT Ha CyOalMKyJIsipHbIE Kpioubs Ha 13-M cermente; E — Tpex3yObie 1ceB0COUICHEHHbIE [IETHH-
ku; E — cybarmmkynspasie kproubs. A—C, E — ckaHupymomue a51eKTpoHHbIe MUKpodoTorpadun, D —
cBeroBasi MUKpogoTorpadus.

(2015) were not observed. Subulate ventral cirri ~ specimen (width 0.8 mm) had branchiae from
present on anterior six chaetigers (Fig. 6B). chaetiger 4. Later appearance of branchiae was
Branchiae starting from chaetiger [-2. Onesmall reported in juveniles of 4. ornata and A. bre-
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Fig. 7. Distribution of Aponuphis brementi. Black
star indicates the type locality; black circles indicate
localities from which genetic data were available;
white circles indicate localities without genetic data;
white squares indicate data from literature (Arias,
Paxton, 2015).

Puc. 7. Pacnpoctpanenue Aponuphis brementi. Uep-
HOIl 3BE370i OTMEYEHO THIIOBOE MECTOHAXOXKIIC-
HHE; YCPHBIMH KPyraMH OTMEYEHbBI CTaHIMH, IS
KOTOPBIX MOJIyYEHBI MOJICKYJIIPHO-TCHETHYECKHE
JIaHHBIC; OSIBIMU KPYraMy OTMEYCHBI CTAHIIMH, JUIS
KOTOPBIX MOJICKYJISIPHO-TCHETHYECKHX JJTAHHBIX HET;
OeJIbIMU KBa[paTaMi OTMEYCHbI JTAHHBIC U3 JIUTEPa-
TypsI (Arias, Paxton, 2015).

menti by Arias & Paxton (2015). Subacicular
hooks from chaetiger 12—13 (Fig. 6C, E). Three
color morphs were found in 4. brementi. Seven
specimens from Morocco (GR27, GR37, GR56)
had the typical pattern with two large dorsola-
teral dark brown spots on the peristomium and
all subsequent chaetigers (Figs 1D, 2D). In
specimens from Ghana (7GH-1E), Cameroon
(5C-11), Sao Tomé and Principe (7SP-03) and
Angola (7AN-01, 7AN-04), the peristomium
and the first chaetiger were completely dark in
color with subsequent chaetigers bearing thin

transversal bands (Figs 1E, 2E). A similar color
morph has been reported by Kirkegaard (1988)
for Hyalinoecia fauveli africana, a subspecies
subsequently synonymized with 4. brementi by
Arias & Paxton (2015). Seventeen specimens
from Cape Verde (SL02), Ghana (7GH-7D),
Benin (7BN-1E), Nigeria (6N-15, 5N-17, 6N-
23), Gabon (5G-12) and Angola (7AN-2, 7AN-
04) were with slightly pigmented peristomium
and thin dark transversal stripes on anterior
segments (Figs 1F, 2F). Clade E comprised
specimens with a dark peristomium and first
segment (Fig. 3E). Clade F combined speci-
mens with two color morphs: the typical morph
with dorsal brown spots and the morph with thin
transversal stripes (Fig. 3F). The latter morph
was also found in clade D (Fig. 3D).

DISTRIBUTION: Clade D — off Benin and
Gabon, 44—109 m; clade E — off Cameroon and
Sdo Tomé and Principe, 37-47 m; clade F —
widely distributed in Eastern Atlantic from
France to Gabon, depth range in studied materi-
al 32-156 m (Fig. 7).

Aponuphis ornata (Fauvel, 1928)
Figs. 1,2, 8, 9.

Hyalinoecia bilineata ornata Fauvel, 1928:12; 1936:
52, Fig. 3.

Aponuphis ornata. — Paxton, 1986: 54; Arias, Pax-
ton, 2015: 361-363, Figs 7D-E, 8, 9.

MATERIAL EXAMINED: RV Fridtjof
Nansen: ZMBN 91354, Morocco, St. GR50 (1
DNA voucher); ZMBN 91355, Morocco, St.
GR50 (1 DNA voucher); ZMBN 91357, Mo-
rocco, St. GR56 (1 DNA voucher); ZMBN
111727, Morocco, St. GR50 (1 DNA voucher,
on SEM stub); ZMBN 111728, Morocco, St.
GR56 (1 DNA voucher, on SEM stub); ZMBN
91353, Morocco, St. GR50 (1); ZMBN 91356,
Morocco, St. GR56 (1).

TYPE LOCALITY: off Morocco, north-
western Africa.

REMARKS: Antennae reaching chaetigers
10-15 (Fig. 8A). First 5-6 pairs of parapodia
with bi- and tridentate pseudocompound fal-
cigers (Fig. 8D, E). First five chaetigers with
subulate ventral cirri (Fig. 8B). Branchiae from
chaetiger 4-5, simple, strap-like. Subacicular
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200.pm

Fig. 8. Morphology of Aponuphis ornata. A — anterior part of the body, lateral view; B — parapodia of
chaetigers 3—6, arrow indicates ventral glandular pad on parapodium 6; C — parapodia of chaetigers 9-11,
arrow indicates subacicular hooks on parapodium 10; D — tridentate pseudocompound falciger; E —
bidentate pseudocompound falcigers. A—D — scanning electron micrographs; E — light micrograph.
Puc. 8. Mopdosoruueckue npusHaku Aponuphis ornata. A — niepenHuii oTaen Tena, BUI cOoKy; B —
Haparnoguu 3—6-ro CerMEeHTOB, CTPENKa YKa3bIBACT HA BCHTPAIBHYIO JKEJIC3UCTYIO MOYIICYKY Ha 6-M
cermenTe; C — napanoqun 9—11-ro cerMeHTOB, CTpENKa yKa3bIlBaeT Ha CyOalUKyIISIpHbIC KPIOUbst Ha 10-M
cerMenTe; D — Tpex3y0ast CeBA0COUICHEHHAs KPIOYKOBU IHAS 1IeTHHKA; G — IBY3yOble MceBIocouIe-
HEHHBIC KPIOUKOBH/IHBIC IIETHHKH. A—D — CKaHUpYIOLIKE 3JIeKTPOHHBIE MUKpo(oTorpadun; E — cero-
Basi MUKpodoTorpadus.
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Fig. 9. Distribution of Aponuphis ornata. Black star
indicates the type locality; black circles indicate
localities from which genetic data were available;
white square indicates data from literature (Arias,
Paxton, 2015).

Puc. 9. Pactipoctpanenue Aponuphis ornata. Yep-
HOU 3Be370H OTMEYEHO THIIOBOE MECTOHAXOXKIe-
HUE; YepHBIMH KPYraMH OTMEUYEHBI CTaHIUH, IS
KOTOPBIX MOJYyYeHBI MOJEKYJISIPHO-TeHETHIECKHE
JaHHBIE; OebIM KBAJPaTOM OTMEUCHHI JaHHBIE U3
murepatypsl (Arias, Paxton, 2015).

hooks from chaetiger 10 (Fig. 8C). All studied
specimens were collected close to the type lo-
cality and had the typical color pattern. Peristo-
mium with two large dorsal spots fusing medi-
ally; anterior chaetigers with “horse-shoe” pat-
tern. Each “horse-shoe” spot is formed by pig-
mentation on adjacent chaetigers: two lateral
square spots at the posterior margin of an ante-
rior chaetiger and a transversal band on the
anterior margin of a posterior chaetiger. Poste-
rior chaetigers with wide pigmented transversal
bands (Figs 1C, 2C).

DISTRIBUTION: East Atlantic, off Mo-
rocco, Bay of Biscay and Atlantic Iberia, West-
ern and Central Mediterranean Sea (Arias, Pax-

ton, 2015). Depth range in studied material 40—
55 m (Fig. 9).

Aponuphis sp.
Figs. 10, 11.

MATERIAL EXAMINED: RV Fridtjof
Nansen: ZMBN 111729, Senegal, St. GROS (1
DNA voucher on SEM stub); ZMBN 111730,
Mauritania, St. GR11 (1 DNA voucher).

DESCRIPTION: Two incomplete studied
specimens 1.0 and 0.8 mm wide consisting of37
and 44 chaetigers respectively. Prostomium
rounded with ovoid frontal lips. Antennae rela-
tively short, reaching chaetiger 7-10 (Fig. 10A).
Palps reaching chaetiger 8—10. Ceratophores of
lateral antennae with seven rings. First six pairs
of parapodia modified, directed laterally. Bran-
chiae simple, strap-like from chaetiger 5 (Fig.
10B). Exclusively tridentate pseudocompound
falcigers with short pointed hoods present on
first four pairs of parapodia (Fig. 10C). Fourth
pair of parapodia with only one falciger. Pecti-
nate chaetae with 9-11 distal denticles, from
chaetiger 10. Subacicular hooks from chaetiger
10. Color pattern of dorsal transversal thin stripes
on anterior chaetigers.

DISTRIBUTION: Northeastern African
waters from Mauritania to Senegal. Depth range
498-518 m (Fig. 11).

Discussion

The polychaete fauna of western African
waters, including the onuphid fauna, is largely
understudied. Many of the African onuphids
have been described in the early XX century
(Augener, 1918; Fauvel, 1928). The names of
species described from European waters were
traditionally used in identification of the local
African fauna. Application of scanning electron
microscopy and molecular tools most probably
should lead to the discovery of a high diversity
ofannelids in western African waters. One exam-
ple of such hidden diversity has been uncovered
in the recent study of another onuphid genus,
Diopatra, revealing at least six new species in
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Fig. 10. Morphology of Aponuphis sp. — anterior part of the body, lateral view, arrow indicates ventral
glandular pad on chaetiger 6; B — parapodia of chaetigers 4-5, arrow indicates the first branchia on
parapodium 5; C — tridentate pseudocompound falciger. A—-C — scanning electron micrographs.

Puc. 10. Mopdonoruyeckue npusHaku Aponuphis sp. A — TiepenHUil OTAET Tena, BUA cOOKY, CTpenka
yKa3bIBACT Ha BEHTPAJIBHYO JKEJIC3UCTYIO MO IICUKY Ha 6-M cerMeHTe; B — napanoin 4—5-ro cerMeHTos,
CTpeJiKa yKa3bIBaeT Ha MePBYIo 5kabpy Ha 5-M cermenTe; C — Tpex3ybast ICeBIOCOUICHEHHAs KPIOYKOBHU/I-
Has meTnHKa. A—C — CKaHHPYOIINE SIICKTPOHHBIC MUKPO(hOTOrpaduu.

western Africa based on morphological and
molecular data (Hektoen, Budaeva, 2016).
Aponuphis has a relatively simple external
morphology with slightly modified anterior
parapodia, only four types of chaetae, and sim-
plebranchiae. All diagnostic characters are high-

ly variable even at intraspecific level which
makes species difficult to define. As a result,
several authors suggested synonymization of all
Aponuphis species into one or two species (Bel-
lan, 1964; Kirkegaard, 1988) which, however,
has not been corroborated by the most recent
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Fig. 11. Distribution of Aponuphis sp. Black circles
indicate localities from which genetic data were
available.
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HBI MOJIEKYJSIPHO-T€HETHYECKUE JIAHHBIE.

studies (Arias, Paxton, 2015). On the other
hand, Aponuphis is the only genus within onu-
phids with reported distinct color morphs cha-
racteristic for a certain species. Although it has
been suggested that color morphs can be used in
species identification (Arias, Paxton, 2015), it
remained unclear how these morphs correspond
with genetic species in Aponuphis.

We have considerably increased the amount
of genetic data known for Aponuphis. Until
now, the GenBank database contained data on
three species. Our results show that the Gen-
Bank record for A. bilineata (AY838824) is
most probably a misidentification, since this
sequence was very divergent form all 4. bilinea-
ta sequences obtained in the present study. This
single record was recognized as a provisional
species by the ABGD analysis and its taxono-
mical status remains unresolved. The GenBank
record for A. fauveli (KJ027318) clustered within

the A. brementi species complex confirming the
synonymization of these two species proposed
by Arias & Paxton (2015). This specimen fell
into clade E with the peristomium and first
chaetiger being darkly pigmented. Aponuphis
sp. (KJ027319) from off the Mediterranean
French coast also clustered within the 4. bre-
menti species complex within clade F with a
wide geographical distribution. The color pat-
tern of this specimen is unknown.

Genetic distances between the subclades
within the two proposed species complexes (4.
bilineata species complex and A. brementi spe-
cies complex) were considerably smaller (3.9—
5.4% and 5.2-9.3% respectively) than those
between the Diopatra species reported by Pires
etal.(2010) but were similar or even higher than
the genetic distances between the Onuphis spe-
cies included in the present study (2.1-26.9%).
The ABGD analysis suggested that each of the
subclades within the 4. bilineata and A. bre-
menti species complexes should be treated as a
separate species. We did not find clear morpho-
logical differences between the specimens from
different subclades and thus do not formally
describe them as species in the present study.
Nevertheless, our results indicate the presence
of genetic diversity within 4. bilineata and A.
brementi that should be investigated further
based on examination of additional material and
genetic markers.

Aponuphis sp. (clade G) was recognized by
the ABGD analysis as a separate species. We
only had two specimens of this presumably new
species and thus do not describe it as a new
species. Aponuphis sp. does not have a distinct
color pattern but resembles one of the color
morphs of A. brementi. However, it occurs
much deeper than other species (about 500 m
deep) and has branchiae starting from chaetiger
5 unlike A. brementi with branchiae appearing
on chaetiger 1-2.

In general, we suggest that color pattern
cannot be used as a single diagnostic character
in Aponuphis species identification. The pres-
ence of typical coloration such as two longitudi-
nal stripes in A. bilineata, paired large dorsal
spots in A. brementi and the “horse-shoe” pat-
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tern in A. ornata allows identification of a
species with confidence. However, specimens
with less prominent coloration, usually seen as
somewhat darker pigmented peristomium and
transversal brownish bands on anterior chaeti-
gers, may belong to a range of different species.
Geographical ranges of several Aponuphis
species have been extended in the present study.
Arias and Paxton (2015) reported A. bilineata
from the eastern Atlantic and Mediterranean.
We have found this species complex much fur-
ther to the north in the North Sea and also down
to the south off, Morocco, Western Sahara and
Guinea. In addition, ten specimens with typical
bilineate pattern were reported from Sdo Tomé
and Principe. The geographical range of A.
brementi in the eastern Atlantic and Mediterra-
nean (Arias, Paxton, 2015) is here extended to
the African coast down to Gabon confirming the
synonymization of 4. fauveli with its subspecies
A. fauveli africana reported from Morocco to
Gabon with A. brementi. In fact, the color pat-
tern of A. fauveli africana resembles the color
pattern of A. brementi from clade E in the
present study and examination of more material
may lead to the resurrection of the subspecies 4.
fauveli africana and elevation to the status of
full species with darkly pigmented peristomium
and chaetiger 1. The geographical range of A4.
ornataoriginally described from Morocco (Fau-
vel, 1928) and later reported from the Bay of
Biscay, Atlantic Iberia and Mediterranean
(Arias, Paxton, 2015) remained unchanged.
Currently Aponuphis comprises ten valid
species known from the Northern and Eastern
Atlantic and eastern Australia. Our findings
suggest that the genetic diversity within the
genus may be considerably higher than it was
accepted before. Each of the three provisional
species within A. bilineata and A. brementi
species complexes may represent a new species.
In addition, the deep-water Aponuphis sp. form
Senegal and Mauritania as well as erroneously
identified A. bilineata from Malta (Struck et al.,
2006) may also represent new species. Un-
doubtedly further investigations involving test-
ing of nuclear genetic markers and morpholog-
ical variation in Aponuphis species is required.
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Appendix 1. List of stations of RV F. Nansen with materials used in this

study.

IIpunaoxenune 1. Cnucoxk cranumii HUC «®. Hancen», ¢ KOTOPBIX ObLIH

P.B. Borisova et al.

NOJIyYeHbl MaTepHaJIbl JUIs1 JaHHOH padoThI.

Station Country Coordinates Depth, m Date Fixative
5G-12 Gabon IS_,: é’j;?éo 105 08.07.2005 96% Ethanol
6N-15 Nigeria II::I 2’2231 ;g(, 40 19.06.2006 4% Formalin
6N-23 Nigeria II::I s ’19 gff o 84 22.06.2006 96% Ethanol
7AN-02 | Angola E: ?’17(9)2290 106 11.07.2007 96% Ethanol
7AN-01 Angola ; Z§j§§1° 50 11.07.2007 96% Ethanol
7AN-04 | Angola ]SE 71’21157310 65 12.07.2007 96% Ethanol
7BN-1E | Benin I];] 16 ’;) 5355;;0 44 11.06.2007 96% Ethanol

N 4,9613°
- > ?
7GH-1E | Ghana W 3.0146° 52 6.06.2007 ?
N 4,5382°
- > ?
7GH-7D | Ghana W 2.0449° 76 7.06.2007 ?
N 4,6427°
- > ?
7GH-04 | Ghana W 2.7353° 156 6.06.2007 ?
7GU-3C  Guinea &91’221111020 94 11.05.2007 4% Formalin
Sao Tomé N 1.6193°
7SP-03 o ’ o 47 18.06.2007 96% Ethanol
and Principe E 7,3364
Sdo Tomé N 1.6361°
5SP-03 o ’ o 79 26.06.2005 96% Ethanol
and Principe E 7,2091
5C-11 Cameroon 11:313 ’52697153" 37 23.06.2005 96% Ethanol
Sao Tomé
E5-7-5B o ? ? 2008 4% Formalin
and Principe
GRO8 Senegal N 14,4596 498 05.11.2011 96% Ethanol

W 17,6104°
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Station Country Coordinates Depth, m Date Fixative
GR11 Mauritania & 1176,?73588870" 518 10.11.2011 96% Ethanol
GR28 W. Sahara I\\IV2173”160712500 125 03.12.2011 96% Ethanol
GR37 Morocco I\\]V2191’,020136120° 106 08.12.2011 96% Ethanol
GR40 Morocco I\\IV2190,’6209%95"0 102 09.12.2011 96% Ethanol
GR49 Morocco I\\]V392,’6514318§’0 101 11.12.2011 96% Ethanol
GR50  Morocco @392”2471245: 40 13.12.2011  96% Ethanol
GR56 Morocco &37?:’66&749: 55 15.12.2011 96% Ethanol
SN-17 Nigeria I];] g:lggigs‘? 78 20.06.2005 96% Ethanol
SLO2  Cape Verde 1\\1V1253,’414346°60 82 9.062011  96% Ethanol
SL38 Morocco &21%’0217245: 103 29.06.2012 96% Ethanol
GR27 Morocco N 29,0031° 106 8.12.2011 96% Ethanol

W 11,2162°




