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Phylogenetic relationships within Schminkepinellidae
fam. n., a new monophyletic group of marine cyclopinids
(Cyclopoida: Copepoda), description of two new genera

and four new species

Pedro Martinez Arbizu

DZMB — Forschungsinstitut Senckenberg, Siidstrand 44, 26382 Wilhelmshaven,
Germany.
e-mail: pmartinez@senckenberg.de

ABSTRACT: The new family Schminkepinellidae fam.n. includes five genera: three
known ones: Muceddina Jaume et Boxshall, 1996, Barathicola Humes, 1999, and Cyclo-
pinella, Sars 1913, and 2 new genera: Einslepinella gen.n.and Schminkepinella gen.n. The
new monophyletic group is characterised by the absence of a coxal endite on the maxillule,
and by the spinal condition of the distal inner element on the middle endopodal segment of
leg 4. A phylogenetic analysis shows Muceddina to be the relatively most primitive taxon,
followed in sequence by Barathricola, Cyclopinella, Einslepinella gen.n. and Schminkepi-
nella gen.n. It is argued, that at least, species belonging to Einslepinella gen.n. may be
loosely associated with invertebrates.
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dunoreHeTn4yeckme otHoweHnsa B Schminkepinellidae

fam. n. — HoBoM MOHOMNETUYECKON rpynnbl MOPCKUX

uuknonunHup (Cyclopoida: Copepoda), onucaHue aAByXx
HOBbIX POAOB U YeTbipex HOBbIX BUAOB

Meppo MaptuHes Ap6usy
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PE3IOME: CewmeiictBo Schminkepinellidae fam.n. BkirouaeT msaTh POJOB: TPU paHEe
n3BecTHbIe: Muceddina Jaume et Boxshall, 1996, Barathicola Humes, 1999 uCyclopinella
Sars,1913, a Taxke 2 HOBBIX pona: Einslepinella gen.n. u Schminkepinella gen.n. HoBas
MOHO(MIETHYECKAs TPYIIa XapaKTePU3yeTCs OTCYTCTBHEM KOKCATBHOT'0 SHUTA MAKCHJI-
JyJ ¥ IIUIOBUAHOM (hOpMOM TUCTATFHOTO BHYTPEHHETO JIEMEHTA BOOPYKEHHUS Ha CpeI-
HEM WJIEHUKE HHAOIOJNUTA YETBEPTOM IJIaBaTEIbHON HOru. PUIOreHETUYECKUM aHaIN3
II0OKa3bIBAET, YTO B PsAAY TAKCOHOB PacCMaTpPUBAEMOW IPYIIIbI, CAMBbIM IPUMUTHBHBIM
sBisieTcst poa Muceddina, 3a KOTOpbIM cienyioT ponbl Barathricola, Cyclopinella,
Einslepinella gen.n. u Schminkepinella gen.n. Iloka3ano, 4To BUIBI, IpUHAATICKAIINE, TIO
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Kpaiineit mepe, pony Einslepinella gen.n., cBsi3aHbl ¢ JpyruMu OECII03BOHOYHBIMU €J1a00
BBIPQKCHHBIMH CHMOUOTHYSCKUMHU OTHOLICHHUSMH.

KJIFOYEBBIE CJIOBA: Schminkepinellidae fam.n., Sciminkepinella gen.n., Einslepi-

nella gen.n., Cyclopinidae, Copepoda.

Introduction

Cyclopoida are, apart from Harpacticoida,
one of the most characteristic groups of Copep-
oda among the marine metazoan meiobenthos.
Most species of meiobenthic cyclopoids are
epibenthic, although species of some genera
have invaded the interstices of sandy beaches.
During an extensive study of marine benthic
copepod biocenoses in the Arctic Ocean, several
species of cyclopinid Cyclopoida were found in
hyperbenthic water layers. Surprisingly, cyclo-
pinids were not restricted to shallow waters, as
was previously thought, but are regularly present
also in abyssal depths. What is even more inter-
esting, Schminkepinella plumifera gen.n., sp.n.
was found to be the dominant copepod species in
deep waters of the Laptev Sea.

The family Cyclopinidae was proposed by
G.O. Sars (1913) for a few known species and
those gnathostomous cyclopoids that he had
discovered in marine coastal habitats of Nor-
way. Sars included in this family the previously
described genera Cyclopina Claus, 1863 and
Pterinopsyllus Brady, 1880 and two new genera
Cyclopinella Sars, 1913 and Cyclopetta Sars,
1913. The genus Cyclopina was at that time a
very heterogeneous assemblage and was split
into several genera in subsequent revisions by
different authors (Steuer, 1940; Lang, 1946;
Lindberg, 1952). Although not explicitly men-
tioned by Sars, his decision to propose a sepa-
rate genus for Cyclopinella tumidula may have
been due to the presence in this species of
several striking characters: 1) first pedigerous
somite not fused to cephalosome, ii) complete
absence of antennal exopod, iii) all 5 setae on
third endopodal segment of leg 4 spine-like, iv)
mandibulary exopod reduced to a single seta.
These characters remained unique among cy-
clopinids until the discovery of Muceddina
multispinosa Jaume et Boxshall, 1996 in anchi-

aline caves of Sardinia, the Balearic and Canary
Islands (Jaume, Boxshall, 1996) which displays
characters i.—iii. Although initially not recogn-
ised by the latter authors, the close phylogenetic
relationship between Cyclopinella and Muced-
dina is clear. Barathicola Humes, 1999 known
from a deep sea hydrothermal vent site in the
northeastern Pacific (Humes, 1999) can be add-
ed to this cluster of genera, as well as two new
genera viz. Schminkepinella gen.n. and Einsl-
epinella gen.n. described herein.

A revision of Cyclopinidae using the meth-
ods of phylogenetic systematics (Hennig, 1982)
is underway in order to elucidate the phyloge-
netic relationships of cyclopinid genera and the
cyclopoid families asa whole. As one step anew
monophyletic group viz. Schminkepinellidae
fam.n. is recognised and defined here.

Material and Methods

Meiobenthic samples were taken during the
German expedition ARK IX/4 (August—October
1993), on board of RV Polarstern using a Multi-
corer and a Giant Box Corer. All samples were
fixed with buffered formalin at a final concentra-
tion 0f4%. Meiofauna was extracted by differen-
tial flotation and centrifugation using Levasil®.
Drawings were made using a camera lucida on a
Leitz Diaplan interference contrast microscope.

The specimens have been deposited in the
Copepod Collection of the AG Zoosystematik
und Morphologie, University of Oldenburg,
Germany.

The terms “furca” and “telson” are used
according to Schminke (1976); terms of phylo-
genetic systematics are used according to Hen-
nig (1982); the term “groundpattern” is used in
the sense of “Grundmuster” (Ax, 1984). The
phylogenetic argumentation scheme was made
per hand using the so-called ,,Hennigian Princi-
ple” (Meier, 1992; Wigele, 2000).
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Descriptive part

Ordo Cyclopoida
Schminkepinellidae fam.n.

Diagnosis (groundpattern). Cyclopoida, body
cyclopiform. Tergite of first pedigerous somite free,
and not concealed beneath a carapace-like extension
of cephalosome. Antennule 15-segmented in female,
and 17-segmented in male. Antenna 4-segmented;
coxo-basis with one inner seta, without exopodal
setae; endopod 3-segmented with 1, 5 and 7 setae.
Mandible with basis bearing 1 seta, 2-segmented
endopod with 3 and 6 setae, and 4 segmented exopod
with 1, 1, 1, and 2 setae; exopodal segments reduced
in size. Maxillulary praecoxal arthrite with 10 arma-
ture elements, coxal epipodite represented by 3 set-
ae, coxal endite undeveloped and setae absent. Max-
illa with praecoxa bearing 2 endites, proximal one
with 3 setae and a small spine, distal endite with one
seta; coxa with 2 well developed endites bearing 3
setae each; basis produced into a strong claw flanked
by 2 setae, 3-segmented endopod (proximal segment
being a double segment) with 4, 2 and 4 setae.
Maxillipedal syncoxa with 5 setae altogether, basis
with 2 setae; and endopod 5-segmented with 1, 1, 1,
1, and 4 setae. Legs 1 to 4 with 3 segmented rami,
without inner seta on first exopodal segment. Leg 1
with only 1 inner seta on middle endopodal segment,
legs 2 to 4 with 2 armature elements on this segment.
Third endopodal segment of leg 3 with both terminal
setae transformed into spines. Third endopodal seg-
ment of leg 4, all 5 elements spines-like, distal inner
seta on middle endopodal segment of this limb also
spine-like. Leg 5 with distinct coxa and basis in both
sexes; coxa without inner seta, basis with 1 outer
seta; exopod 1-segmented with 4 armature elements
in female (3 spines and 1 terminal seta); 2 segmented
in male, with 1 inner seta and 1 outer spine on
proximal and 4 elements on distal segment (one
inner seta, distally one spine and one seta, and one
outer spine). Leg 6 aplate with only 1 well developed
seta in female and 3 well developed elements in
male. Furca with 7 setae, seta [ vestigial, inserting on
dorso-lateral margin of furca close to seta II.

Type genus: Schminkepinella gen.n.

Other genera: Cyclopinella Sars, 1913, Muced-
dina Jaume & Boxshall, 1996, Barathricola Humes,
1999, and Einslepinella gen.n.

Schminkepinella gen.n.
Diagnosis (groundpattern). Cyclopoida,

Schminkepinellidae. Body cyclopiform. First pedi-
gerous somite free, not covered by a carapace-like
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extension of the cephalosome. Antennule 8-segment-
ed in female, indistinctly 6-segmented in male. Both
sexes inall with 9 antennulary aesthetascs. Antenna 2-
segmented; first segment with 1 inner seta, second
with 9 elements. Mandible with falcate gnathobasis
curved inwardly, palp with 1-segmented endopod and
exopod. Maxillule reduced, coxa asetose. Maxilliped
2-segmented, feather-like, not prehensile, first seg-
ment with 1 seta, second segment with one long and
densely bipinnate element. Swimming legs 1 to 4 with
3-segmented rami. First exopodal segment of legs 1—
4 without inner seta. First leg without outer basal seta,
inner spine elongate; second endopodal segment with
only one inner seta. Outer margin of first exopodal
segment of leg 1 without spinules. Third endopodal
segment of legs 1 to 4 without outer element. Third
endopodal segment of leg 3 with both terminal setae
spine-like. Leg 4 with all 4 setae on third endopodal
segment and distal inner seta on second endopodal
segment spine-like. Leg 5 with well developed inter-
coxal sclerite, coxa, and basis; endopod 1-segmented
in both sexes. Female genital double-somite subdi-
vided ventrally, with ventro-medial single copulatory
pore; seminal receptacles tetralobed; gonopores lo-
cated laterally, leg 6 with one seta.

Male leg 6 with 3 well developed elements.
Furca elongate, with 6 setae; seta I lacking, seta I1
and III located on dorsal margin.

Type species: Schminkepinella plumifera gen.
et sp.n.

Etymology. This genus is dedicated to Prof. Dr.
H.K. Schminke (University of Oldenburg) for his
enthusiastic dedication in promoting systematic and
phylogenetic studies in Germany. The generic name
is formed by combination of the name “Schminke”
with “pinella” which is part of the name of the closely
related genus Cyclopinella Sars, 1913.

Schminkepinella plumifera sp.n.

Material. Holotype female dissected and mounted
on 10 slides (UNIOL 1998.016,/1-1998.016/10); allo-
type male mounted on one slide (UNIOL 1998.017/1);
paratype: one female dissected and mounted on 11
slides (UNIOL 1998.018/1-1998.018/11)

Locus typicus. The material was collected the 12
September 1993 at 3211 m depth in the Laptev Sea
(79°12.96’ N 122°54.37 E).

Female. Habitus cyclopiform (Fig. lA-B). Body
length (measured from frontal rim of cephalosome to
caudal margin of telson) 398 um. Urosome without
ornamentation. Pseudosomite present between fifth
pedigerous somite and genital double-somite (Figs
2C, 6A). Arthrodial membrane separating posterior
thoracic and anterior abdominal somites present
ventrally, absent dorsally. Single copulatory pore
located medially on ventral surface; seminal recepta-
cles comprising 4 distinct chambers (Fig. 2C). Furca
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Fig. 1. Schminkepinella plumifera gen.n., sp.n. Habitus of female.
A — lateral view; B — dorsal view. Scale bar 100 pm.

Puc. 1. Schminkepinella plumifera gen.n., sp.n. OOmIHii BUI CAMKH.
A — BuJ c6oky; B — Bux co crimuHO# ctoponsl. MacmTad 100 MxM.



Schminkepinellidae a new monophyletic group of Cyclopoida 189

Fig. 2. Schminkepinella plumifera gen.n., sp.n. Female.

A — antenna; B — maxilliped; C — urosome, ventral view. Scale bar 20 pm.

Puc. 2. Schminkepinella plumifera gen.n., sp.n. Camka.

A — anrenna; B — maxcmummnen; C — ypocoma, BUZ ¢ OpromHoif croponsl. MacmTab 20 MKM.
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about 15.5 times as long as wide (Figs 1A-B, 2C),
with 6 setae: seta I absent, setae II, Il and VII located
subterminally on dorsal margin, setae IV, V and VI
located terminally.

Antennule 8-segmented (not figured), armature for-
mula beginning with proximal segment: 3 + aesthetasc,
14 + 2 aesthetascs, 2 + aesthetasc, 3 + 2 aesthetascs, 1,2
+ aesthetasc, 3 + aesthetasc, 7 + aesthetasc.

Antenna (Fig. 2A) 2-segmented; first segment
comprising fused asetose coxa, asetose basis and
first endopodal segment bearing one inner seta;
second segment comprising fused second endopodal
segment bearing 2 inner setae, and third endopodal
segment bearing 7 setae, outermost ornamented with
very long subordinate spinules giving the appear-
ance of a bird’s feather.

Mandible (Fig. 3C) with falcate gnathobasis
having 2 slender setae on outer margin; palp com-
prising asetose basis, 1-segmented exopod with 2
setac and 1-segmented endopod with 4 setae.

Maxillule (Fig. 3A) with praecoxal arthrite bear-
ing 5 elements in total; coxa without setae; basis with
3 setae on inner margin; exopod with 4 long bipin-
nate setae; endopod with 2 outer bipinnate setae and
2 inner naked setae.

Maxilla (Fig. 3D) praecoxa with one endite
bearing 3 setae; proximal coxal endite with 2, distal
endite with 3 setae; basal endite with 2 setae; endo-
pod 3-segmented with 2, 2, 2 setae.

Maxilliped (Fig. 2B) 2-segmented; first segment
with 1 inner seta; second segment produced into long
feather-like seta densely covered with long setules.

Legs 1 to 4 (Figs 4A-B, 5A—C) with 3-segment-
ed rami. Third endopodal segment of legs 14 with-
out outer seta. Leg 1 coxa with inner seta; basis
without outer seta; third endopodal segment with 4
armature elements in total. Outer basal seta of legs 2—
4 reduced in size. Third endopodal segment of leg 3
with 4 armature elements in total. Third endopodal
segment of leg 4 with distal inner spine having a
broad subordinate spinule proximally; third exopo-
dal segment of this limb with distal outer spine a
small and short element. Swimming leg armature
formulae:

Coxa | Basis Endopod Exopod
Leg4 [ 01 | 1-0 OéIleI 1-;)1;711’;_1;
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Leg 5 (Fig. 6B) with well developed intercoxal
sclerite, asetose coxa, basis with one outer seta, and
1-segmented exopod bearing one outer spine and
one terminal slender bipinnate seta flanked by 2
spines.

Leg 6 located (Fig. 6A) laterally with 1 slender
bipinnate seta and 2 short spines, one of them conflu-
ent with segment.

Male. Differs from female in following charac-
ters:

Body length (measured from frontal rim of ceph-
alosome to caudal margin of telson) 272 um.

Antennule short and strait, indistinctly 6-seg-
mented, setation and segmentation as in Einslepinel-
la ulrichi gen.n., sp.n. Furca shorter than in female,
9.2 times as long as wide. Fifth legs single exopodal
segment with one additional small and slender seta
subterminally on inner margin (Fig. 5E). Leg 6 (Fig.
5D) with 3 armature elements in total. Only one
spermatophore present.

Etymology. The specific name refers to the
feather-like maxilliped.

Remarks. A second unnamed species of this
genus was collected on the 18 August 1993 atadepth
of 2995 m on the lower continental slope of the
Barents Sea (82°45.83” N 40°14.54” E). One female
is mounted on one slide and labelled as
Schminkepinella sp. 2 (UNIOL 1998.019/1). This
species agrees in almost every feature with S. plu-
mifera gen.n., sp.n.with the exception of the follow-
ing characters: Furca somewhat shorter; third en-
dopodal segment of leg 3 with one additional seta on
inner margin (setation formula 3,11,0); third endopo-
dal segment of leg 4 with 2 terminal spines, 1 distal
inner spine and 1 long proximal inner seta; third
exopodal segment of this limb with distal outer spine
of normal shape, i. e. not reduced in size and trans-
formed into a naked seta; leg 5 exopod lacking spine
on outer margin, i. . with 3 armature elements in
total, and without spinules along inner margin.

Schminkepinella gen.n. can easily be distin-
guished from all other cyclopinid genera by the
peculiar shape of its maxilliped as it is transformed
into a long feather-like structure. Another notewor-
thy apomorphy of the new genus is the absence of an
outer basal seta on the first swimming leg. The
absence of an outer element on the distal endopodal
segments of legs 1—4 is a unique apomorphy within
Schminkepinellidae fam.n., as is the fusion (or lack
of separation) of antennary endopodal segments 2
and 3, and the fusion of the antennary syncoxo-basis
with the first endopodal segment. The terminal inner
element on the third endopodal segment of leg 3 is a
seta in Schminkepinella gen.n., while it is a spine in
all other genera of Schminkepinellidae fam.n. The
loss of this spinal condition is considered here as a
character reversal, this being in my view, the most
parsimonious explanation.
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Fig. 3. Schminkepinella plumifera gen.n., sp.n. Female.

A — maxillule; B — maxillulary exopod; C — mandible; D — maxilla. Scale bar 20 um.

Puc. 3. Schminkepinella plumifera gen.n., sp.n. Camka.

A — maxcmuryna; B — sx3onoaut makcmurynsl; C — mManaubyna; D — makcmmia. Macmrab 20 MKM.
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Fig. 4. Schminkepinella plumifera gen.n., sp.n. Female.

A —leg 1; B—leg 2. Scale bar 20 um.

Puc. 4. Schminkepinella plumifera gen.n., sp.n. Camxa.

A — nora 1; B — Hora 2. Macmirab 20 MKM.

Einslepinella gen.n.

Diagnosis (ground pattern). Cyclopoida,
Schminkepinellidae. Body cyclopiform. First pedi-
gerous somite free, not covered by a carapace-like
extension of the cephalosome. Antennule 8-seg-
mented in female, indistinctly 6-segmented in male.
Both sexes with 9 antennulary aesthetascs. Antennu-
lary setae of the rat-tail type (Willen, 1996). Antenna
with fused syncoxa and basis, former basis asetose.
Mandible with falcate gnathobasis curved inwardly,
palp with 1-segmented endopod and 3-segmented
exopod, distal endopodal segment confluent with a
long and strait spine. Maxillule reduced in size,
epipodite asetose. Maxilliped variable shaped at
most 5-segmented; first 4 segments asetose, distal
segment with 2 setae at most. Swimming legs with 3-
segmented rami. First exopodal segment of legs 1-4
without inner seta. First leg without coxal inner seta;
basal spine elongate, almost as long as the whole
endopod; second endopodal segment with only one
inner seta; third endopodal segment with outer seta

and outermost terminal elements spine-like; first
exopodal segment without spinules along outer mar-
gin. Third endopodal segment of leg 2 with both
outer and outermost terminal setae as lamellate spines.
Third endopodal segment of leg 3 with the outer, the
two terminal setae and the distal inner seta trans-
formed into lamellate spines; this segment with
sexually dimorphic outer distal corner. Leg 4 with all
5 setae on third endopodal segment and distal inner
setaon second endopodal segment as lamellate spines.
Leg 5 with well developed intercoxal sclerite, coxa,
and basis; endopod 1-segmented with 3 lamellate
spines and one seta in female and at most 2-segment-
ed in male, with proximal segment bearing one inner
seta and one outer lamellate spine, distal segment
with 2 lamellate spines and one seta. Female genital
double-somite with arthrodial membrane ventrally,
with medially located single copulatory pore; semi-
nal receptacles bilobed; gonopores located laterally,
leg 6 with one seta. Male leg 6 with one seta and 2
long spines. Furca elongate, with 6 setae; seta I
missing, setae I1I and VII located on dorsal margin.
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Fig. 5. Schminkepinella plumifera gen.n., sp.n. A—C — female, D-E — male.

A — leg 3 middle and distal endopodal segments; B — leg 4 endopod; C — leg 4 third exopodal segment; D — leg 6,
lateral view; E — leg 5. Scale bar 20 pm.

Puc. 5. Schminkepinella plumifera gen.n., sp.n. A—-C — camka, D-E — camerr.

A — cpenHuil U TUCTaTbHBIN WICHUKH dH0NoANTa 3-i HOrM; B — sHnonoaut 4-it noru; C — 3-i 4jieHHK 9K301101UTa
4-ii Horu; D — Hora 6, Buj co6oky; E — Hora 5. Macmta6 20 MkM.
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Fig. 6. Schminkepinella plumifera gen.n., sp.n. Female.

A — genital double-somite, lateral view; B — leg 5; C — genital double-somite, dorsal view. Scale bar 20 um.
Puc. 6. Schminkepinella plumifera gen.n., sp.n. Camka.

A — reHUTaNbHBII IBOIHON cerMeHT, BU 60Ky B — 5-s1 Hora; C — reHuTanbHbIH IBOHHOI CerMEeHT, BUJI CO CIIMHHOM

cTopoHbl. MaciTad 20 MKM.

Type species: Einslepinella ulrichi gen.n., sp.n.

Other species: E. mediana sp.n., E. alignatha
sp.n.
Etymology. This genus is dedicated to the mem-
ory of late Dr. Ulrich Einsle, who devoted his life to
the study of cyclopoid copepods. Dr. Einsle encour-
aged me to study the insufficiently known cyclopoid
family Cyclopinidae. The type species of this genus
is also named after him. The generic name is formed
by combination of the name ‘Einsle” with ‘pinella”
which is part of the name of the related genus
Cyclopinella Sars, 1913.

Einslepinella ulrichi sp.n.

Material. Holotype female dissected and mounted
on 11 slides (UNIOL 1998.011/1—1998.011/11); allo-
type male dissected and mounted on 10 slides (UNIOL
1998012/1-1998.012/10); paratype: female (UNIOL
1998.13/1) mounted on one slide.

Locus typicus. Holotype and allotype collected at a
depth of 529 m on the continental slope north-western
off Franz-Joseph-Land (82°07.37° N 42°32.79’ E) on the
21 August 1993. Paratype collected in the harbour of Ny
Elesund (Spitzbergen) at 8 m depth in June 1997 (leg.
J. Diirbaum).

Female. Body cyclopiform. Body length
(measured from frontal rim of cephalosome to
caudal margin of telson) 550 pm. First pediger-
ous somite free, covered neither laterally nor
dorsally by a caudally extending carapace-like
extension of cephalosome (Fig. 7A-B). Urosome
comprising fifth pedigerous somite, genital dou-
ble-somite, 2 free abdominal somites and telson.
Well developed pseudosomite present ventrally
between genital double-somite and fifth pediger-
ous somite. Pseudosomite ornamented medially
with minute spinules (Fig. 12A). Arthrodial mem-
brane separating posterior thoracic and anterior
abdominal somites present ventrally absent dor-
sally, with a medially interrupted row of spinules
ventrally and serrate skirt posteriorly. Serrate
skirt also on the 2 free abdominal somites and on
the telson only ventrally. Telson with a symmet-
rical pattern of larger and smaller pores on ven-
tral surface. Furca elongate, about 8 times as long
as wide, with 6 setae: seta I absent, seta Il located
at one half of the length of the furca on outer
margin, seta III located subterminally on dorsal
margin, setae [IV-VI terminally, seta VII located
on dorsal face.
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Fig. 7. Einslepinella ulrichi gen.n., sp.n. Habitus of female.

A — dorsal view; B — lateral view. Scale bar 100 pm.

Puc. 7. Einslepinella ulrichi gen.n., sp.n. O0Iuii BHI CAaMKH.
A — BUJ] CO CIMHHOH CTOpOHBI; B — Buxa cOoxy. MacmTad 100 MxM.
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Fig. 8. A: Einslepinella ulrichi gen.n., sp.n. Female, antennule, two rat-tail setac drawn on proximal
segment, all others represented by their insertion point. B: E. mediana sp.n. Female, antennule, armature

elements omitted.
Scale bar 20 um.

Puc. 8. A: Einslepinella ulrichi gen.n., sp.n. CaMka, aHTCHHYJIa, B XBOCTOBU/IHBIC IIETHHKH 3aPUCOBAHBI
Ha MPOKCHMAaJbHOM YICHHKE, BCE PYTUe MIETHHKN 0003HaYeHBI B TOYKAX UX KperuieHus. B: E. mediana

sp.n. Camka, aHTEHHYJIa, BOOPY)KEHHE HE MTOKa3aHO.

Macitad 20 MKM.

Antennule short, indistinctly 7-segmented (Fig.
8A). Proximal segments with traces of subdivi-
sions. Antennulary setae of the ‘rat-tail” type
(Willen, 1996). Armature beginning with proximal
segment: 17 + 3 aesthetascs, 2 + aesthetasc, 3 + 2
aesthetascs, 1, 2 + aesthetasc, 3 + aesthetasc, 7 +
aesthetasc.

Antenna (Fig. 9A) with fused syncoxa and basis,
with rows of spinules on anterior and posterior
margins. Former basis asetose. First endopodal seg-
ment with large inner seta and rows of long spinules
on anterior and posterior margins; second endopodal
segment with one inner seta, third segment with 5
setae in total.

Mandible, maxillule and maxilla very reduced in
size. Mandible (Fig. 9B) with falcate inwardly curved
gnathobasis bearing one long seta on outer margin;
palp comprising asetose basis; 1-segmented endo-
pod with 5 setae; and 3-segmented exopod with setal
formula 1, 1, 1. Distal segment confluent with a strait
and very long seta.

Maxillule (Fig. 9D) with indistinct segmenta-
tion, on inner margin with a proximal praecoxal lobe
bearing 4 setae, and a distal baseoendopodal lobe
bearing 4 setae in total; distally with 1-segmented
exopod bearing 4 setae.

Maxilla 4-segmented (Fig. 9C), proximal prae-
coxal lobe with 3 setae, distal lobe with 1 seta; coxa
with 2 endites bearing 2 setae each; basis with 2 setae
on inner margin, endopod 1-segmented with 6 setae
in total.

Maxilliped 5-segmented (Fig. 9E); syncoxa ase-
tose, with row of spinules on anterior margin; basis
asetose, with rows of long spinules along inner mar-
gin; first endopodal segment asetose, with small pro-
tuberance on inner margin covered by small spinules;
second segment almost at right angles to first one,
asetose, with 2 hook-like teeth on inner margin; third
segment small, confluent terminally with a long and
strait spine, and with a slender seta on outer margin.

Leg 1-4 with 3 segmented rami (Figs 10A—C,
11A). Swimming leg armature formulae:
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Fig. 9. A-E: Einslepinella ulrichi gen.n., sp.n. Female. F-H: E. mediana sp.n.
A — antenna; B — mandible; C — maxilla; D — maxillule; E — maxilliped; F — antenna; G — maxilliped; H —

mandibular palp. Scale bar 20 pm.

Puc. 9. A-E: Einslepinella ulrichi gen.n., sp.n. Camka. F-H: E. mediana sp.n.
A — anrtenHa; B — manan0ymna; C — makcumna; D — makcuinyna; E — makcwunen; F — anrenna; G —

makcwumnen; H — nmanena mananOynn. Macmtab 20 M.

Coxa | Basis Endopod Exopod
i R

Leg 1 (Fig. 10A), intercoxal sclerite ornamented
on both sides with a cluster of long spinules; coxa
without inner seta; basis with long outer seta and
long inner spine reaching to the middle of the distal
endopodal segment. First and second endopodal
segments with one inner seta each; third segment
with 2 inner setae, 1 terminal inner seta, 1 terminal

outer spine, and 1 outer spine. First exopodal segment
without inner seta and without spinules along outer
margin. Leg 2 distal endopodal segment with outer
and outermost terminal setae as a spine (Fig. 10C).
Leg 3 with outer, two terminal and distal inner setae
transformed into spines (Fig. 10B). Leg 4 with all 5
setae on third endopodal segment and distal inner seta
on second endopodal segment as a spine (Fig. 11A).

Leg 5 (Fig. 11B) with well developed intercoxal
sclerite, coxa asetose, with row of 4 long spinules on
anterior margin; basis with one outer seta, and a
small serrate apron on anterior margin; 1-segmented
exopod with a row of long spinules along outer
margin, with 1 outer lamellate spine and 1 terminal
slender long seta flanked by 2 lamellate spines.

Leg 6 (Fig. 13C) located laterally, with 1 long
and slender seta and two spines fused to segment.

Single copulatory pore located medially on gen-
ital double-somite extending into a short copulatory
tube leading to a pair of bilobed cavities, presumably
the seminal receptacles.
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Fig. 10. Einslepinella ulrichi gen.n., sp.n.

A —leg 1, female; B — leg 3, female; C — leg 2, female; D — third endopodal segment of leg 3, male. Scale bar 20

pm.
Puc. 10. Einslepinella ulrichi gen.n., sp.n.

A — Hora 1, camka; B — Hora 3, camka; C — Hora 2, camka; D — TpeTuil wieHHK HI0NO0AUTa 3-i HOT'H, camell.

Macitad 20 MKMm.

Male. Differs from female in following charac-
ters: Body length (measured from frontal rim of
cephalosome to caudal margin of telson) 484 pm.

Antennule short and strait, indistinctly 6-seg-
mented, showing different fusion patterns in dorsal
and ventral sides (Fig. 11D-E). Neocopepodan
geniculation less pronounced, present between seg-
ments 4 and 5. Armature formula beginning with
proximal segment: 17 + 3 aesthetascs, 5 + aes-
thetasc, 3 + 2 aesthetascs, 1, 4 + aesthetasc, 9 + 2
aesthetascs.

Third endopodal segment of leg 3 with outer
distal corner produced into a curved hook (Fig.
10D).

Leg 5 (Fig. 11C) with 2-segmented exopod;
first segment with long spinules along outer margin
and armed with one outer lamellate spine as well as
one slender inner seta; second segment with one
terminal long and slender seta flanked by 2 lamel-
late spines.

Leg 6 a big ventro-laterally located plate (Fig.
13A-B) covering gonopore and armed with 2 spines
and one outer slender seta.

Number of spermatophores unknown.

Einslepinella mediana sp.n.

Material. Holotype: female dissected and mounted
on 9 slides (UNIOL 1998.014/1—1998.014/9); paratype:
female mounted on 1 slide (UNIOL 1998.015/1).

Locus typicus. Holotype collected on the 9. August
1993 at 449 m depth in the Bear Island Trough, Barents
Sea (73°38,8’ N 22°55,2” E); paratype collected on the 26
August 1993 at 156 m depth in the Vilkitzky Strait
(78°01,9’ N 102°17,5 E).

This species differs from E. ulrichi gen.n., sp.n.
in the following characters:

Female. Body length (measured from frontal
rim of cephalosome to caudal margin of telson)
381 pm.
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Fig. 11. Einslepinella ulrichi gen.n., sp.n.

A — leg 4, female; B — leg 5, female; C — leg 5, male; D — antennule, male, dorsally, setac and aesthetascs omitted;
E — antennule, male, ventrally, setae and aesthetascs omitted. Scale bar 20 um.

Puc. 11. Einslepinella ulrichi gen.n., sp.n.

A —mnora4, camka; B—Hora 5, camka; C—mHora 5, camen; D — aHTeHHYyi1a, camKa, BUJI CO CIIUHHOM CTOPOHBI, IETHHKH
U ICTETacKu He MokasaHbl; E — aHTeHHyna, camell, BUI ¢ OPIONIHOW CTOPOHbI, IIETHHKH H OCTETACKH HE MOKA3aHBI.

Macitad 20 MKM.

Antennule 8-segmented due to a proximal subdi-
vision of first segment (Fig. 8 B). Armature formula
beginning with proximal segment: 3 + aesthetasc, 14
+ 2 aesthetascs, 2 + aesthetasc, 3 + 2 aesthetascs, 1,
2 + aesthetasc, 3 + aesthetasc, 7 + aesthetasc.

Antenna (Fig. 9F) much more slender than in
preceding species, without ornamentation of long
spinules on first and second segments, distal seg-
ment with 6 setae.

All mouthparts much more reduced in size than
those of the type species of the genus. Mandibular
endopod (Fig.9H) with 4 setae only.

Maxilliped small (Fig. 9G), lacking ornamenta-
tion of long spinules; third segment produced into a
slightly curved spine.

Leg 1, third endopodal segment with one addi-
tional inner seta, i. e. with 6 armature elements in
total.

Swimming leg armature formulae:

Coxa | Basis Endopod Exopod
Leg4 | 0-1 1-0 0-]1,;I ](?I_III; 1_;)1;’11,_51;

Leg 5 (Fig. 15E) without row of long spinules on
anterior surface of coxa; exopod with long spinules
on outer margin, and with 3 small spinules along
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Fig. 12. Einslepinella ulrichi gen.n., sp.n. Female urosome.

A — ventral view; B — dorsal view. Scale bar 20 pm.

Puc. 12. Einslepinella ulrichi gen.n., sp.n. Ypocoma caMKHu.

A — Buj ¢ OPIOIIHOM CTOPOHBI, B — BHI co criuHHON cTopoHEL. Macmrtab 20 MKM.
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Fig. 13. Einslepinella ulrichi gen.n., sp.n.

A —urosome, male, ventral view; B — leg 6, male, lateral view; C — genital double-somite, female, lateral view. Scale
bar 20 pm.

Puc. 13. Einslepinella ulrichi gen.n., sp.n.

A — ypocoma, camell, BUJI ¢ OpromrHoii ctoponsl; B— Hora 6, camen, Bu1 cO0ky; C — reHUTaIbHBIN ABOIHOI CErMeHT,
caMka, Bu cOoky. Macmrab 20 MKM.
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Fig. 14. Einslepinella mediana sp.n. Female urosome.

A — ventral view; B — lateral view. Scale bar 20 um.

Puc. 14. Einslepinella mediana sp.n. Ypocoma caMKH.

A — BuJ ¢ OpromHo# cTopoHEl; B — Bux c6oxy. Macmrab 20 MKM.
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Fig. 15. A-D, F: Einslepinella alignatha sp.n., female. E — Einslepinella mediana sp.n., leg 5, female.
A — leg 1 (exopod omitted); B — mandible; C — maxilla; D — maxilliped; F — leg 5; Scale bar 20 um.

Puc. 15. A-D, F: Einslepinella alignatha sp.n., camxa. E: Einslepinella mediana sp.n. Hora 5, camka.

A — mora 1 (’x30mouT He MoKaszaH); B — mangudyna; C — maxcmmia; D — makcwmmunen; F — sora 5. Macmrab

20 MKM.
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inner margin; terminal seta not reaching the end of
inner spine.

Urosome (Fig. 14 A-B) with fewer rows of
serrated frills which are mainly restricted to the
genital double-somite and first free abdominal somite.
Second free abdominal somite and telson without
ornamentation.

Male. Unknown.

Etymology. The specific name “mediana” refers
to the intermediate size of this species in comparison
with the other species of the genus.

Einslepinella alignatha sp.n.

Material. Holotype: female, dissected and mounted
on 4 slides (UNIOL 1998.020/1—1998.020/4); paratype:
female dissected and mounted on 9 slides (UNIOL
1998.021/1-1998.021/9).

Locus typicus. Holotype and paratype collected on
the 6 September 1993 at a depth of 256 m in the Laptev
Sea, Arctic Ocean (78°04,5 N 133°36,47" E).

This species is similar to E. mediana sp.n. but is
smaller. Body length (measured from frontal rim of
cephalosome to caudal margin of telson) 308 um.
Antennule and antenna as E. mediana sp.n. in seg-
mentation and setation. Mouth parts even more re-
duced than in E. mediana sp.n. Mandible very small
(Fig. 15B), endopod with 4 apical setae and an
additional one at its very base on inner margin. [ was
unable to discern clearly if this seta actually belongs
to the basis or to the endopod.

Maxilla rudimentary, 5-segmented (Fig. 15C),
praecoxa asetose, coxa, basis, and 2 endopodal seg-
ments with 1 seta each.

Maxilliped reduced to a small lobe with a little
seta (Fig. 15D).

Leg 1 resembling that of E. mediana sp.n. (Fig.
15A).

Fifth leg (Fig. 15F) resembling that of E. medi-
ana sp.n. but with smaller spinules on outer margin
of exopod, and without spinules on inner margin;
terminal seta small and naked.

Urosome not ornamented with serrated frills.

Furca, as other species of the genus, § times as
long as wide.

Etymology. The specific name is derived from
the Greek “ali” and “gnathos” which means “re-
duced” and “mandible” and refers to the very re-
duced mouthparts of this species.

Remarks. Several other species belonging to
Einslepinella gen.n. have been discovered by me in
Arctic and Antarctic waters, as well as in the Atlantic
deep sea. The genus appears very speciose and
widely distributed.

One striking diagnostic apomorphy of the new
genus is the absence of an inner coxal seta on the first
leg. No other cyclopinid genus has this apomorphy
in its groundpattern. In addition, the terminal outer

P. Martinez Arbizu

element of the third endopodal segment of leg 2 is a
lamellate spine. This is a unique apomorphy within
the family, as is the outer lamellate element on the
third endopodal segment of leg 3. It should to be
noted, however, that this element is absent in
Schminkepinella gen.n., so that it cannot be exclud-
ed that this character may represent a synapomorphy
of these two genera.

Einslepinella gen.n. is remarkable because of
the great variation in maxillipedal morphology, as
evidenced by the 3 new species. The shape of the
maxilliped reaches from the robust type in E. ulrichi
gen.n., sp.n. which has an apical spike-like spine, to
the minute foliaceous type in E. alignatha sp.n. The
reduction of mouthparts (in particular maxillule and
maxilla) together with the falcate mandibular gna-
thobasis is similar to the condition present in species
currently ascribed to the poecilostome families, which
are associated with invertebrates and fishes. This
suggests that species belonging to Einslepinella
gen.n. may be associated with marine invertebrates.

Phylogenetic relationships within
Schminkepinellidae fam.n.

In order to make a detailed analysis of the
phylogenetic relationships within Schmin-
kepinellidae fam.n., types of Cyclopinella we-
re examined. In addition 2 new species of this
genus from the Atlantic deep sea have been
described. These descriptions will be published
separately, as will 3 new species of Barathrico-
la Humes, 1999, from Antarctic and Arctic
waters. Character states used below for these
genera are based on personal observations of
this material.

Within the new family, Schminkepinella
gen.n. and Einslepinella gen.n. are the most
derived genera, and are considered herein as
sister groups. Synapomorphies of both genera
are the 8-segmented antennule in the female
(being 12-segmented in Cyclopinella and 15-
segmented in Barathricola and Muceddina);
the falcate mandibular gnathobasis (in all other
genera itis gnathostomous); maxillary endopod
with at most 4 setae (while 5 setae are present in
Cyclopinella and Barathricola, and 6 setae in
Muceddina); and an at most 3-segmented max-
illipedal endopod (while it is 4-segmented in
Cyclopinella and 5-segmented in Barathricola
and Muceddina).
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Einslepinella ~ Schminkepinella
Cyclopinella
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Fig. 16. Phylogenetic relationships within Schminkepinellidae fam.n.
Puc. 16. ®unorenernueckue orHomenus B Schminkepinellidae fam.n.

Most closely related to these two genera is
Cyclopinella. This genus is characterised by a
mandibular exopod composed of a single seta,
while 1 to 4 exopodal segments with at least 2
setae (altogether) are present in other genera of
the family.

Synapomorphic characters of Cyclopinella,
Einslepinella gen.n., and Schminkepinella
gen.n. include the 1-segmented mandibular en-
dopod (2-segmented in Barathricola and Mu-
ceddina); absence of setae representing the max-
illulary epipodite (2 setae present in Barathri-
cola and 3 setae in Muceddina); a maxillipedal
endopod of at most 4-segments (5-segmented in
Barathricola and Muceddina); outer seta of the
distal endopodal segment of leg 1 transformed
into a spine (although this seta is lost in
Schminkepinella gen.n.); and finally the loss of
furcal seta I (present, albeit reduced in size, in
Barathricola and Muceddina).

The sister group of this cluster of 3 genera is
the genusBarathricola. This genus is character-
ised by the absence of armature elements on the
first exopodal segment of the mandible, and by
asexually dimorphic terminal outer spine on the
third endopodal segment of leg 3.

Synapomorphies of the cluster of genera
comprising Barathricola, Cyclopinella, Einsl-
epinella gen.n. and Schminkepinella gen.n.
include absence of a seta on the basis of anten-

na (1 seta present in Muceddina); an 3-seg-
mented at most mandibular exopod (4-seg-
mented in Muceddina); at most 2 setae on the
maxillulary epipodite (3 setae in Muceddina);
atmost 5 setae on maxillulary endopod (6 setae
in Muceddina); and seta III located on the
dorsal margin of the furca (located on the
terminal outer margin in Muceddina which is
the condition present in the groundpattern of
Copepoda).

Finally Muceddina, characterised by the pre-
sence of 3—4 modified spinules along the inner
margin of leg 1 basis, is considered here the first
offshot within Schminkepinellidae fam.n.

The new family is characterised by the fol-
lowing apomorphies: absence of a maxillulary
coxal endite (an endite with one seta present in
ground pattern of other cyclopinid families) and
the transformation of the distal inner seta on the
middle endopodal segment of leg 4 into a spine
(usually lamellate) (this element being a bipin-
nate seta in the ground pattern of all other
cyclopoid families except the Euryteinae).

The phylogenetic relationships of and within
Schminkepinellidae fam.n. as discussed here-
in can be represented graphically in a phyloge-
netic argumentation scheme (Fig. 16). Apo-
morphic characters used for this analysis are
numbered below (plesiomorphic condition in
brackets).
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List of characters: Table 1. Character matrix.
1) Distal armature element on inner margin of Ta6numa 1. Tabauia cocTOSHUS TPU3HAKOB.
middle segment of leg 4 a spine (a seta). ] ]
2) Maxillule without coxal endite (endite Muced- | Barath- | Cyclo- | Einsle- | Schminke-
present, with one seta). dina ricola pinella | pinella | pinella
3) Basis leg 1 with 3-4 modified spinules I | I I I 1
(spinules not modified).
4) Furcal seta III located on dorsal margin (on 2 1 1 1 1 1
lateral margin).
5) Maxillulary endopod with no more than 5 3 1 0 0 0 0
setae (6 setae).
6) Maxillulary epipodite with no more than 2 | 4 0 1 1 1 1
setae (3 setae).
7) Mandibular exopod with no more than 3 3 0 ! ! ! !
segments (4-segmente_d). _ _ . 6 0 | | | |
8) Antennary basis without inner seta (with one
inner seta). 7 0 1 1 1 1
9) Outer terminal spine on third endopodal seg-
ment of leg 3 sexually dimorphic (not dimorphic). 8 0 1 1 1 1
10) First exopodal segment on mandible asetose
(with one seta). 9 0 1 0 0 0
11) Furcal seta I absent (present). 10 0 ) ) 0 0
12) Outer element on third endopodal segment
ofleg 1 a sp@ng (a seta). . 1 0 0 1 1 1
13) Maxillipedal endopod with no more than 4
segments (5-segmented). 12 0 0 1 1 1
14) Maxillulary epipodite without setae (with 2
setae). 13 0 0 1 1 1
15) Mandibular endopod 1-segmented (2-seg-
mented). 14 0 0 1 1 1
16) Antennula with no more than 12 segments in s 0 0 | | |
female (15-segmented).
17) Mandibulary exopod represented by 1 seta 16 0 0 1 1 1
(at least 1 segment present).
18) Maxillipedal endopod with no more than 3 17 0 0 1 0 0
segments (4-segmented).
19) Maxillulary endopod with no more than 4 18 0 0 0 1 1
setae (5 setae).
20) Falcate mandible (gnathostomous mandible). 19 0 0 0 ! !
21) Antennule 8-segmented in female (12-seg- 20 0 0 0 | 1
mented).
22) Outer element on third endopodal segment 21 0 0 0 1 1
of'leg 3 a spine (a seta).
23) Terminal outer element on third endopodal 22 0 0 0 1 ?
segment of leg 2 a spine (a seta).
24) Maxillulary endopod represented by 2 setaec | 23 0 0 0 1 0
(1 segment with 4 or more setae).
25) Inner coxal seta on leg 1 absent (present). 24 0 0 0 ! 0
26) Terminal inner element on third endopodal 25 0 0 0 | 0
segment of leg 3 a seta (a spine).
27) Maxillipedal endopod 1-segmented, conflu- 26 0 0 0 0 1
ent with feather-like seta (3-segmented or more, no
feather-like seta). 27 0 0 0 0 1
28) Mandibular exopod 1-segmented (3-seg-
mented). 28 0 0 2 0 1
29) Second and third antennary endopodal seg- 2 0 0 0 0 |
ments fused (not fused).
30) Outer element on third endopodal segments 30 0 0 0 0 1
of legs 1-4 absent (present).
31) Outer basal seta of leg 1 absent (present). 31 0 0 0 0 1
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