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Abstract

A new genus of Platycopioidais described from abox core sample taken at adepth of 534 m in the Arctic Barents
Sea. Thisis the deepest record of Platycopioida so far. Sarsicopia gen. n. is the sistergroup of a taxon comprising
Platycopia and Nanocopia; the sistergroup of these is Antrisocopia. Sarsicopia gen. n. is the only platycopioid
to retain 2 inner setae on the second endopod segment P2—P4, and 8 setae in the third endopod segment of P2.
The male antennule is remarkable in having a geniculation located between ancestral segments XX and XXI. Itis
suggested that this flexure zone was already present in the groundpattern of Copepoda. Platycopia and Nanocopia

have secondarily lost this genicul ation.

Introduction

The family Platycopiidae was created by G. O. Sars
(1911) in order to accomodate a primitive new cope-
pod species, Platycopia perplexa G. O. Sars, collect-
ed from a bottom sample at 60 fathoms depth off
Korshavn (Norway). Sars included the new family in
the Calanoida, and some years later added a second
speciesto thegenus collected at the samelocality (Sars,
1921). Lang (1948) suggested that the peculiar shape
of the mouthparts, together with the retention of sev-
eral primitive characters where sufficient arguments
to consider Platycopia a representative of a separate
suborder of Copepoda, ‘ Progymnoplea’, equal in rank
with Gymnoplea(Caanoida), Propodoplea(Misophri-
oida) and Podoplea (Cyclopoida and Harpacticoida).
Andronov (1985) corroborated Lang's opinion and
considered Progymnoplea a valid suborder of Cope-
poda. One year later Fosshagen & Iliffe (1985) intro-
duced the order Platycopioida, and placed it in the
Gymnoplea together with the order Calanoida. Final-
ly Huys & Boxshall (1991) regarded Platycopioida as
the sister group of all other Copepoda, placing it in
the infraclass Progymnoplea equal in rank with a new
infraclass Neocopepoda.

The order Platycopioidaconsists of onefamily and
three genera, Platycopia, Nanocopia Fosshagen and
Antrisocopia Fosshagen. All species of Platycopioida
have so far been found in shallow watersdownto 120 m
depth. The eight species of Platycopia are known from
the North Sea (Sars, 1911, 1921), the eastern coast
of North America (Wilson, 1946), Bahamas (Fossha
gen, 1972), Mauritania (Andronov, 1985) and Japan
(Ohtsuka & Boxshall, 1994) while both monotypic
genera Nanocopia and Antrisocopia are known from
one anchialine cave on Bermuda only (Fosshagen &
[liffe, 1985, 1988).

During summer 1993, meiobenthic samples were
taken along the continental slope of the Barents Sea off
northwestern Franz-Josef Land, as part of a German-
Russian joint venture (ARK-1X/4) to better understand
Arctic marine biocenoses. In onebox core sample, tak-
en at 534 m depth, the bottom was covered by alayer of
sponge spicula about 2 cm thick. This sample yielded
an extremely diverse hyperbenthic crustacean fauna,
including no less than 1 species of Tantulocarida, 5
species of Cyclopoida (Cyclopinidae and Cyclopidae
Euryteinae), 3 species of Misophrioida, 1 hyperbenth-
ic species of Calanoida (Pseudocyclopiidae) and anew
species of Platycopioida, to be described in the present
contribution. The platycopioid belongsto a new genus
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Sarsicopia. It represents the first record of Platycopi-
oidafrom the Arctic Ocean, and the deepest sampling
site where platycopioids have been found so far. It has
retained some plesiomorphic characters affecting the
reconstruction of the groundpattern of Platycopioidaas
awhole. The antennule of Sarsicopia gen. n. requires
some comments on the evol ution of sexually dimorphic
mal e antennules within Copepoda.

Material and methods

Meiobenthic samples were taken during a German-
Russian expedition to the Arctic Ocean ARK-IX/4
(Aug.—Oct. 1993), on board of RV Polarstern using
a Multicorer and a Giant Box Corer. The supernatant
water of the Giant Box Corer was extracted using a
silicone tube, filtered through a 40 xm sieve, and the
residue was fixed with formalin together with the first
5 cm of sediment from the Box Corer at afinal concen-
tration of 4%. Station 27/025, contained 5 specimens
of a new species of Platycopioida (1 female, 3 males
and 1 copepodid).

Drawings were made using a camera lucida on a
Leitz Diaplan interference contrast microscope (anten-
nules and mouthparts) or a Leitz Dialux phase contrast
microscope.

Terminology is adopted from Huys & Boxshall
(1991), except for the terms of phylogenetic systemat-
icsused according to Hennig (1982), and the term ‘tel-
son’ used following Schminke (1976) instead of ‘anal
somite’. Abbreviations used in the text are: P1-P6:
legs 1-6, ae: aesthetasc; enp.: endopod; exp.: exopod.

The material is stored at the Copepod Collection
of the AG. Zoomorphologie, University of Oldenburg,
Germany.

Description
Sarsicopia gen. n.

Diagnosis.  Platycopioida with prehensile 16-
segmented antennules in male, non-prehensile 18-
segmented in female. Ancestral segments XV—XVI
and XVI11-XX fused in both sexes. Antenna with 4-
segmented exopod. Mandible with 3-segmented exo-
pod. Maxillule with distal basal endite fused to rami
bearing 6 setae in total. Maxilla with well developed
proximal precoxal endite bearing 4 setae, distal pre-
coxal endite missing, proximal coxal endite represent-

ed by 1 seta, distal coxa endite with 2 setae, with
allobasis and 2 free endopodal segments. Maxilliped
with 1 seta each on syncoxa and basis and with 5-
segmented endopod, last endopodal segment bearing
2 setae. No intermaxillipedal process present. P1 with
2-segmented rami, enp.-2 with 6 setae, exp.-2 with
4 setae. P2-P5 with 3-segmented rami. P2-P4 with 2
inner setae on enp.-2
Type species. Sarsicopia polaris gen. et sp.n.

Sarsicopia polarisgen. et sp. n.

Type material. 1 male (holotype) dissected and mount-
ed on 17 dides (Coll. No. 1996.1/1-1996.1/17); 1
female (alotype) dissected and mounted on 2 dides
(Coll. No. 1996.2/1-1996.2/2); 2 males (paratype 1,
Coll. No. 1996.3/1, and paratype 2, Coll. No. 1996.4/1)
and 1 copepodid (paratype 3 Coll. No. 1996.5/1)
mounted on one slide each.

Locustypicus. Northern Barents Sea, Arctic Ocean,
82° 07, 42' N, 42° 32, 35' E, 534 m depth, Box Corer
sample from 28.8.93; muddy sediments covered by a
mat of sponge spicula about 2 cm thick.

Mae (holotype) — Body length without furca
338 um. Prosome consisting of cephalosome, and
first to fifth pedigerous somites (Figure 1A, B). First
pedigerous somiteincompl etely fused to cephal osome.
Tergiteof fifth pedigeroussomite compl etely separated
fromfourth pedigerous somite. Urosome 5-segmented.
Genital somitesmall, latero-posteriorly produced (Fig-
ure 5C). Abdominal somites posteriorly with serrat-
ed and striated hyaline frill (Figure 1B). Frill on
third abdominal somite dorsomedially produced form-
ing pseudoperculum covering telson partially. Furca
dightly longer than wide (Figure 5C), with 4 termi-
nal and 2 lateral setae and ornamented with triangular
frills. Rostrum produced anteriorly, fused to cephalo-
some, with paired sensilla at base (Figure 2A).

Antennule 16-segmented (Figure 2A), geniculate
on both sides. Setal formula beginning with proximal
segment (Figure2B): 7 + 3ae/ 2+ ae/ 2 + ael 2 + ael
2+ae/3+acf2+ae/l+ae/2+ae/l2+ae/0/2+2
ae/ 1+ae/ 1/ 3+ 3ae/ 4+ ae(Figure 2B).

Antennasmall (Figure 3B), with unarmed coxaand
basi s, 3-segmented endopod with setal formulaof 0/2/5
and indistinctly 5-segmented exopod with setal formu-
laof 1/0/4/1/3.

Mandible (Figure 3 ) gnathobasis with 4 main
teeth and some spinules, basis unarmed, endopod 1-
segmented with 4 setae, exopod 3-segmented with a
setal formulaof 1/2/3.
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Figure 1. Sarsicopia polaris gen. et sp.n. Male habitus. A, lateral view. B, dorsal view. Scale bar 100 pm.
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Figure 2. Sarsicopia polaris gen. et sp.n. Male antennule. A, antennule and rostrum; flexure zone between ancestral segments XX and XXI
arrowed. B, antennulary segments separated. Scale bar 20 pm.



Figure 3. Sarsicopia polaris gen. et sp.n. A, maxilliped. B, antenna. C, mandible. Scale bar 20 um.
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Maxillule (Figure 4A), precoxal arthrite with 8
spines and 5 setae, coxa endite with 3 setae, basal
exite with 2 setae, proximal basal endite with 3 setae,
distal basal endite fused to rami, with 6 setae in total .

Maxilla (Figure 4B) precoxal endite with 4 setae,
proximal coxal endite represented by minute seta, dis-
tal coxa endite with 2 setae, allobasis with 2 setae
on endite and 2 distal inner strong seta, free endopod
2-segmented, proximal segment with 2 setae, distal
segment with 3 setae.

Maxilliped (Figure 3A) syncoxawith 1 seta, basis
with 1 seta on distal inner margin, endopod 5-
segmented, setal formula 1/2/2/2/2.

Leg 1 (Figure 5A) coxa unarmed, basis with inner
seta, exopod 2-segmented bearing 0 and 4 setae, endo-
pod 2-segmented, proximal segment with 1 inner seta,
distal with 6 setae.

Legs2-5 (Figures6A-B, 5B) most probably with 3-
segmented rami (distal segmentsof legspartially miss-
ing). All legs with well developed intercoxal sclerite.
Setaand spine formula:

Coxa Basis Exopod Endopod
legl 0-0 01 0-0,00,4 0-1,024
leg2 0-0 1-1  1I-0; I-0; missing 0-1; 0-2; 1, 11, 112
leg3 0-0 I-1  1I-0; I-0; missing 0-1; 0-2; I1,11,111
leg4 0-0 I-1  11-0; missing 0-1; missing
leg5 0-0 1-0 1I-0; I-1; missing 0-1; O-1x; missing

Segment marked with asterisk present in paratype 1
only.

Genital somite without any seta representing leg 6.

Female (alotype) differsfrommale only in follow-
ing characters:

Body length 390 um. Antennule non-geniculate,
18-segmented (Figure 4C). Setal formula beginning
with proximal segment: 11 + 4 ae/2 + ae/2/2 + ae/1/2/2
+ ae/2 + ae/0/2/1 + ael/0/1 U2 + 2 ae/2/2/4 + ae.

Labrum as in male tripartite (Figure 7E). Geni-
tal somite as in male completely separated from first
abdominal somite (Figure 7A). No genital apertures
discernible. P6 represented by 1 seta?

Variability. Male paratypes dlightly bigger than
holotype (paratype 1: 351 um; paratype 2: 354 um).
Paratype 1 with aberrant right P3 consisting of fused
coxaand basis and 2-segmented exopod, first segment
with two outer spines and inner seta, second segment
with 6 elementsintotal. No endopod. L eft P3 of normal
shape.

Etymology. The genus is named after the Norwe-
gian zoologist G. O. Sars, first describer of Platycopi-
oida. The specific namerefersto the polar region.

Discussion

Sarsicopia polaris gen. et sp.n. represents the first
record of Platycopioida from the Arctic Ocean and
increases the depth range considerably (from 120 to
534 m) in which the order has been found so far. It
would not be surprising to find Platycopioida even in
the deep sea, when an intensive exploration of thisvast
ecosystem is finally undertaken.

Sarsicopia gen. n. differs from other generain the
family by the presence of fused ancestral antennulary
segments XV-XVI and XVI11-XX in both sexes, the
presence of 2 inner setae on P2-P4 enP-2, and the
presence of 8 elementson P2 enp.-3.

The new genus represents the sistergroup of a tax-
on including Platycopia and Nanocopia. Nanocopia
requires redescription and re—-examination of sev-
era features. Pending this the synapomorphies of
Nanocopia and Platycopia are tentatively determined
as (i) anon prehensile male antennule, while it is pre-
hensilein Antrisocopiaand Sarsicopiagen. n., (ii) sex-
ually dimorphic malefifth legs, while they are not sex-
ually dimorphic in Antrisocopia and although these
legs are partially damaged in the Sarsicopia material,
they seem to lack any modifications, (iii) P1 enp-2,
or homologous, with three setae, while no less than 6
setae are present in the other platycopioid genera, and
(iv) loss of inner seta on P1 enp.-1, while this setais
present in Antrisocopia and Sarsicopia gen. n.

Sarsicopia gen. n. shareswith thetaxon Platycopia
+ Nanocopia the fusion of the ancestral male antennu-
lary segments 1V=V1 and X X1-XXII, while these seg-
ments are separated in Antrisocopia (Figure 8). Other
synapomorphies of Sarsicopia gen.n. and Platycopia
+ Nanocopia are (i) presence of at most 7-segmented
antennary exopod, while an indistinctly 8-segmented
exopod is present in Antrisocopia, (ii) presence of
an indistinctly 3- or 4-segmented mandibular exopod,
while a 5-segmented exopod is present in Antriso-
copia, (iii) presence of atotal of only 6 setae on the
maxillulary baso-ramal complex (comprising the dis-
tal endite and rami fused to it), 8 setae being present
in Antrisocopia, (iv) retention of at most 6 setae in P1
enp.-2, 7 setae being the plesiomorphic state, (v) loss
of inner seta on P5 exp.-1, this seta being present
in Antrisocopia, (vi) presence of only 6 furcal setae
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Figure 4. Sarsicopia polaris gen. et sp.n. A, maxillule, precoxa arthrite separate. B, maxilla, free endopodal segments separated. C, female
antennule. Scale bar 20 pm.
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Figure 5. Sarsicopia polaris gen. et sp.n. A, first leg. B, male fifth leg (distal segments missing). C, male urosomite, ventra view. Scale bar
20 pm.
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Figure 6. Sarsicopia polaris gen. et sp.n. A, second leg, and enp.-3 of opposite leg. B, third leg. Scale bar 20 um.

(loss of setae VII), 7 setae being present in Antriso-
copia, and (vii) abdominal ornamentation including
serrated hyaline frills at the distal ends of somites,
that of third abdominal somiteforming apseudopercu-
lum and presence of characteristic triangular frills on
the distal part of the furca (these frills have not been
described for Nanocopia by Fosshagen & 1liffe (1988),
but may have been overlooked due to the minute size
of the specimens), while plain abdominal frills, no
pseudoperculum and no frills on the furca are present
in Antrisocopia. Unfortunately the swimming legs of
all 5 Sarsicopia specimens were damaged, so that the
reconstruction of the setation pattern of the swimming
legsis only partial. However, Sarsicopia polaris gen.
et sp.n. is the only platycopioid that has retained two
inner setae in the second endopod segments P2-P4 and
8 elements on the third endopod segment P2. Thereare
sometyping errorsin the reconstruction of the platyco-
pioid setation formula presented by Huys & Boxshall
(1991) as regards the basis P1 and P5. The spine and
setation formulaof the groundpattern of Platycopioida
has to be emended as follows:

Coxa Basis Exopod Endopod

legl1 0-0 01 0-0;00;0l,5 0-1;1,24

leg2 0-0 I-1 1I-I;1-1; 11,14 0O-1;0-2;,224
leg3 0-0 I-1 [1I-I;1-1,11I,1,l4 0O-1;0-2;223
legd 0-0 I-1 1I-I;1-3;111,1,4 0-1;0-2;, 222
leg5 00 -0 1I-1;1-1;111,21 0-1; 0-1; 1,2,2

The absence of an intermaxillipedal process in
Sarsicopia gen n. is regarded here a plesiomorphic
character. The interpretation of the intermaxillipedal
process as an autapomorphy of Platycopioida(Huys &
Boxshall, 1991) hasto be reconsidered. This structure
isneither present in Antrisocopia, nor in Nanocopia. It
also lacks in most Platycopia species, e.g. Platycopia
orientalis Ohtsuka & Boxshall (Othsuka & Boxshall,
1994). In my opinion this structure should be regard-
ed merely as a synapomorphy of Platycopia perplexa
Sars and Platycopia inornata Fosshagen, the only
species from which an intermaxillipedal process has
been reported.

The male antennule of Sarsicopiagen n. isremark-
able because of its sexual dimorphismthat includesnot



Figure 7. Sarsicopia polaris gen. et sp.n. A, female genital and first abdominal somites, ventral view. B, female first antennulary segment. C,
male antennule, paratype 1. D, male antennule, paratype 2. C-D, flexure zone between ancestral segments XX and XXI arrowed. E, labrum,
ventral view. Scale bar 20 pm.



45

"(T66T) Ifeusxog 7 sAnH Jelfe palIPo N 'sndliealeq sisdoliydospds plouydosiw syl yiim pasedwod eploidooAr|d ul siuswbes Arenuueiue jo ABojowoH gainbiy

uopenauab :A:M £1oS OU,»

O JCF=0800000000C 3 eidooisies

= grlpmuhLvtlLgmggmmmggmmuu e1doofyerd
s O H0CSE00C__IC _1000- etdooosLiuy
mummmmmmmmmmggmggmggggmmgggg‘ stsdouydosjeds
000000RDCJRI000000C__Ji:  eidoossies

¢ 000000E0OE0E0000000000C Tk e1doofyere
¢ 00J00B00E0BO0C I ~Jun. edovosuuy

(J0000000C000000000000000duy

sisdolydosjads

00000000000000000cogootooudt

MAXX IWAXX A AXX

[esisaouy




46

only the fusion of some segments, but also the mod-
ification of the whole antennule as a grasping organ.
It has been postulated that Platycopioida primitively
lack geniculate male antennules (Huys & Boxshall,
1991), as non-prehensile male antennules are present
in Platycopiaand Nanocopia. Thennon-prehensilemale
antennules are interpreted here as apomorphic and the
prehensile antennules of Sarsicopia gen. n. as ple-
siomorphic dueto following reasons. The evolution of
the male antennule in copepods as an organ used for
grasping the female during mating involves two major
modifications: (1) formation of geniculationsthat allow
some segments to move inwards, and (I1) fusion of
segmentsto give robustnessto those parts of the anten-
nule where it is required. It seems logical to assume
that a step by step evolution of the male antennule
first requires the capability to grasp. Therefore the
inward geniculation has to evolve first and then seg-
ments have to fuse to give robustness to the grasping
organ. This sequence is supported by what is found
in the misophrioid Speleophriopsis balearicus Jaume
& Boxshall. This species exhibits the most primi-
tive condition found in any of the Copepoda (Jaume
& Boxshall, 1996), yet the male antennule clearly
shows the ‘ neocopepodan’ geniculation between seg-
ments20 and 21. No fusionisinvolvedinthe evolution
of the grasping capability of males of Speleophriop-
sis balearicus, as the antennule is 27-segmented in
both sexes (Figure 8). Fusion of segments is a sec-
ondary event and within Platycopioida is not com-
pletely homologousin al the genera (Figure 8). The
male antennule of Platycopia and Nanocopia shows
no geniculation, but segmentsare fused in avery simi-
lar pattern asin the genicul ate antennule of Sarsicopia
gen. n. This shows that the non-geniculate antennule
of Platycopia and Nanocopia represents the apomor-
phic condition, i.e. secondary loss of geniculation, evi-
denced by the retention of fused segments. The loss
of the antennulary capability to grasp is in this gen-
era replaced by the modification of male fifth legs
probably to a grasping function. Sexually dimorphic
grasping fifth legs are al'so known from male Calanoi-
da, which use them to grasp the spermatophore during
mating and attach it to the female copulatory pore. By
anology the male P3 of the harpacticoid family Paras-
tenocarididaeis aso highly modified as an organ used
by the males to grasp the females during copulation
(Glatzel & Schminke, 1996). Geniculation in male
antennules has al so secondarily been lost on both sides
in some Calanoida (Pseudocyclopiidae) (Fosshagen &
[liffe, 1985) and in the copepod order Poecilostom-

atoida. Male Poecilostomatoida have developed very
robust maxillipeds to grasp the female during mating,
replacing the antennulary grasping mechanism of oth-
er copepods. Genetically the loss of geniculation in
males is not a very complicated event. The antennu-
lary geniculation appearsin the final moult to the adult
stage. The fifth male copepodid shows no genicula
tion, but it already shows the fusion of antennulary
segments present in the adult. The condition presentin
male Platycopia and Nanocopia therefore can easily
be interpreted as a delay in the formation of genicu-
lation during ontogeny, the adult having retained the
condition of the previous copepodid stage.

The condition present in male Antrisocopiais also
remarkable because of the presence of a sexualy
dimorphic strong claw on the ancestral antennulary
segment XXI1 and of a shift of the major geniculation
to a position between segments X X1V and XXV (Fig-
ure 8) As to the question of the male antennulein the
groundpattern of Copepoda, my opinionisthatitis28-
segmented with capability of inward flexion between
segments XX and XXI.

The flexure zone between ancestral antennulary
segments XX and XXI as present in Sarsicopia gen.
n. (Figures 2A, 7C-D) should be interpreted as afirst
step in atransformation series leading to the true * neo-
copepodan’ geniculation. The autapomorphy of Neo-
copepodaconsisting in the modification of male anten-
nulary segment XXI having its insertion point in the
distal inner part of segment XX, and having a plain
inner and a strongly convex proximal outer margin, as
well as little arthrodial menbrane. All this alows the
segment to flex in one plane only.
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