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Abstract

Romete bulbiseta gen. et sp. nov. (Aegisthoidea Giesbrecht, 1892: Rometidae fam. nov.) is described from the Great Meteor Seamount, north-
east Atlantic. An analysis of the phylogeny and evolution of the basal Harpacticoida Sars, 1903 is presented. Cerviniidae Sars, 1903 and Cervin-
ioidea Sars, 1903 are respective junior synonyms of Aegisthidae Giesbrecht, 1892 and Aegisthoidea Giesbrecht, 1892. Rometidae fam. nov. is
identified as sistertaxon of Aegisthidae. Rotundiclipeidae Huys, 1988 and Styracothoracidae Huys, 1993 are removed from Aegisthoidea and
placed in Syngnatharthra tax. nov., sistergroup of Aegisthoidea. “Maxillipedasphalea” Lang, 1944 is polyphyletic and therefore not maintained
here. A morphological analysis of taxa of Harpacticoida reveals the autapomorphies of Rometidae, Aegisthidae, Aegisthoidea, Syngnatharthra,
and Oligoarthra Lang, 1944. Diagnoses for these taxa are given.
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Introduction discovered. In the deep sea the proportion of new
species described within Oligoarthra amounts to almost
Harpacticoida is a highly successful group of Copepd00 percent.
da Milne Edwards, 1840 in terms of speciosity and One of these deep-sea species is described here be-
adaptive radiation. It has diversified mainly in marineause it exhibits an interesting combination of characters
but also in freshwater benthic habitats, where itwhich sheds light on the phylogenetic relationships
species have a profound ecological impact. From theséhin Oligoarthra as a whole. There is as yet no phylo-
benthic origins a number of planktonic as well as pargenetic system available to help understand their evolu-
sitic forms have evolved independently. Lang (1944jonary success. The only comprehensive attempt so far
divided Harpacticoida into Polyarthra Lang, 1944, corte elucidate relationships within Harpacticoida was un-
taining Longipediidae Sars, 1903 and Canuellidagertaken by Lang (1948), but his system is outdated be-
Lang, 1944, and Oligoarthra containing all other taxaause it was based not only on apomorphic but also on
The monophyly of a taxon Harpacticoida containinglesiomorphic characters. A few studies (Huys 1990,
Polyarthra and Oligoarthra was considered doubtful bfuys & Lee 1999, Martinez Arbizu & Moura 1994,
some later authors (Tiemann 1984, Dahms 199@illen 1999, 2000, 2002) have been published recently
Willen 2000, Seifried 2002). Instead, Polyarthra shoulthich will be complemented here. A character list, a
possibly be separated from Harpacticoida, and as-a caiata matrix (Table 1) and a diagram of the phylogenetic
sequence Oligoarthra would fall as identical withelationships at the base of Oligoarthra (Fig. 7) will be
Harpacticoida. Oligoarthra is enormously rich irpresented together with the autapomorphies of the taxa
species. Wherever samples are taken new speciesiavelved.

*Corresponding author: Sybille Seifried, AG Zoosystematik & Morphologie, FB 7 - Biologie, Geo- & Umweltwissenschaften, Universitét

Oldenburg, D-26111 Oldenburg, Germany; e-mail: sybille.seifried@mail.uni-oldenburg.de
**This publication is also a result of part 3, “Seamount Ecology” (SEAMEC), of expedition No. 42 of RV “Meteor” in 1998
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14 Seifried & Schminke

Methods and material Aegisthidae gen. spec. 1 (female, Antarctic, Weddell Sea,
ANT V/3, 10/592, 1986); Aegisthidae gen. spec. 2 (female,
Taxonomy Fiji Basin, SO-99, station 42, 1996); Aegisthidae gen. spec. 3

(male, Fiji Basin, SO-99, station 98, 1996); Aegisthidae gen.
All specimens were preserved in 5% buffered formalin angpec. 4 (male, Angola Basin, Diva 1, M48/1, St. 346/1, MUC
subsequently transferred into glycerine. The dissected spegj-27.07.2000); Aegisthidae gen. spec. 5 (female, Angola
mens are mounted on several slides in glycerine. Preparati@®ssin, Diva 1, M48/1, St. 346/1, MUC 1, 27.07.2000);
were sealed with transparent nail varnish. All drawings havgegisthusspec. (females, NE-Atlantic, M42/2, station 419,
been prepared using a camera lucida on a Leitz Diaplan int@g98); Andromastasspec. (females, NE-Atlantic, M42/2, sta-
ference contrast microscope. tion 419, 1998)Brotskayaiacf. tenuisetgBrodskaya, 1963)
The descriptive terminology is adopted from Huys &female, Angola Basin, Diva 1, M48/1, St. 346/4, MUC 5,
Boxshall (1991). Abbreviations used in the text are: aes = a€¥#.07.2000)Cervinia bradyiNorman, 1878 (females, male,
thetasc; enp = endopod; enp-1(2, 3) = proximal (middle, diduseum Bergen, Oslo, Stockholn@grvinia pilosaLang,
tal) segment of endopod; exp = exopod; MUC = Multicorer1948 (females, Museum Stockholr@grvinia synarthresars,
P1-P6 = first to sixth thoracopod. 1910 (females, Museum Bergen, Oslo, Stockho@@xvinia
spec. 1 (female, copepodite, Antarctic, Weddell Sea, ANT IX,
. . 18/062, 1991)Cerviniaspec. 2 (male, Angola Basin, Diva 1,
Parsimony analysis and phylogeny M48/1, St. 346/1, MUC 5, 27.07.200@erviniaspec. 3 (fe-

The methods of phylogenetic systematics were applied (HéR&le, New Ireland Fore-Arc, SO-133, St. 57, 19@&)vinia

nlg 1950, 1966, 1982, Ax 1984, Wagele 2000) to infer ph)ﬁ_pec 4 (fema'e, New Ireland FOI’e-AI’C, SO'133, St. 65, 1998),
logeny of Oligoarthra on the basis of morphological chara&erviniaspec. 5 (female, New Ireland Fore-Arc, SO-133, St.
ters. In order to discern monophyletic taxa the study started 3 1998)Cerviniellaspec. 1 (female, Antarctic, Weddell Sea,
the species level. Calanoida Sars, 1903, Misophrioida Gurn TV/3’_ 107563, 1986)C¢rvml_ellaspec. 2 (females, males,
1933 and Polyarthra were used as outgroups to polarise ¢ pepolees, Angola .Ba5||n, Diva 1, M48/1, St. 3%5* ST' 346,
acters. Every group of species for which strong autapomaot- .|2000), CerV|(rj1!opS|s clavicornissars, 19?3 (emiﬁsl, )
phies were found was recognized as a monophyletic group dH'€S: copepodites, Museum Bergen, Oslo, Stockholm);
its groundpattern was reconstructed. The groundpattern re £VINIOpSIS intermediaang, 1936 (female, Museum Stock-

: 0lm); Cerviniopsis longicaudat&ars, 1903 (females, Muse-
sents the hypothetical morphology of the last common populum Oslo); Eucanuella spiniferal. Scott, 1900 (females.

tion of the species group in question. The sistergroup of th les, copepodites, Museum Bergen, Oslo, Stockhd@m);

taxon was as_certa_ined on th_e bas_is of synapomo_rphies fhuellact langi Por, 1964 (male, Angola Basin, Diva 1

both were united in a more inclusive monophyletic grou 148/1. St 546/4 MU’C 4 27.07 ZObtﬂaxpansicerviniaspec '

Subsequently, a groundpattern for this group was reconstrug (fem’ale, New Ilreland Flore-Arc, SO-133, St. 59, 1988);

ed and so on. . . _pansicerviniaspec. 2 (female, New Ireland Fore-Arc, SO-133,
Computer cladistics was used as a second techniquedp 1 1 g99g)Hemicervinia stylifergl. C. Thompson, 1893)

learn something about the relationships of species @fmajes, Museum Bergen, Oslo, StockholR9ntostratiotes

Oligoarthra, but these investigations are published in additiofa riqa Brodskaya, 1959 (female, New Ireland Fore-Arc, SO-

al papers (see Seifried 2002). Afirst analysis was made wihz s 57, 1998Btratiopontotespec. (female, Arctic, ARK
species selected from the over 3000 species of Harpacticoifigiy 27/022, 1993).

Secondly, an analysis on the basis of reconstructed groundpat-
terns was made with all Oligoarthra, united in 17 monophylet-
ic taxa characterised by strong autapomorphies, mainly tragi- .
tional “families” (Seifried 2002). The Calanoida, MisophrioigyStematlcs

da and Polyarthra were again used as outgroups there to rlgghg (1944, 1948), Bodin (1997) and all later articles

the cladograms. that dealt with the systematics of Harpacticoida are the
. . . . basis of the systematics presented below. The justifica-

Species of Aegl_sth0|dea. examined tions for the systematic changes made here are given in

for phylogenetic analysis the section dealing with the respective taxa. However,

The following list includes material from museums of oslofor reasons of clarity the new systematics is applied from
Stockholm and Bergen. The Swedish Museum of NaturBere on.

History in Stockholm keeps the K. Lang Collection, the Zoo- The following changes and additions to harpacticoid
logical Museum in Oslo the G. O. Sars Collection, and thgystematics are introduced:

Zoological Museum in Bergen stores some material CO”ed'Aegisthidae Giesbrecht, 1892 is the Senior Synonym Of
ed by_l._ Drzycimski and F. D. Por. The present first author cayviniidae Sars, 1903.

has visited these museums in the summer and autumn,q consequence, Aegisthoidea Giesbrecht, 1892 is the

1997. . Lo
Romete bulbisetgen. et sp. nov. (male, Great Meteor senior synonym of Cervinioidea Sars, 1903.

Seamount, M42/3, St. 451, 455 m, 01.09.19B®)etespec. ° Aegisthidae enclose Aegisthinae Giesbrecht, 1892,
(male, Angola Basin, Diva 1, M48/1, 346/6, MUC 1, 5389 m, Cerviniinae Sars, 1903, and “Cerviniopsinae” Brod-
27.07.2000). skaya, 1963.
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Basal phylogeny of Oligarthra 15

* Aegisthoidea enclose only Rometidae fam. nov. ardescription from male holotype:Body length 360 pm,
Aegisthidae, whereas Styracothoracidae Huys, 1993sasured from anterior margin of cephalic shield to pos-
and Rotundiclipeidae Huys, 1988 are integrated ierior margin of caudal rami; length of caudal rami 32.2 pm.
Syngnatharthra tax. nov. Body (Fig. 1A-D) without distinction between pro-

» Syngnatharthra tax. nov. is established to enclose aime and urosome. Prosome consists of cephalothorax
taxa of Oligoarthra except Aegisthoidea, which is thand 3 free pedigerous somites; first pedigerous somite
sistergroup of Syngnatharthra. completely fused to dorsal cephalic shield; deep depres-

» “Maxillipedasphalea” Lang, 1944 is polyphyletic andsions lateral in anterior half of cephalic shield, cuticle
therefore not maintained here. Chappuisiidae Chayith reticular ornamentation. Urosome 6-segmented,
puis, 1940, Darcythompsoniidae Lang, 1936, Ectizonsists of somites bearing P5 and P6, and 4 free ab-
nosomatidae Sars, 1903, Neobradyidae Olofssatgminal somites; 2 spermatophores. Cephalothorax and
1917, and Phyllognathopodidae Gurney, 1932 are ihody somites, except penultimate one, with sensillae and
tegrated in Syngnatharthra tax. nov. pores. All hyaline frills plain; hyaline frills of

cephalothorax and following 5 somites reticulated. P6-

bearing somite and following 4 somites with rows of
small spinules. Last three abdominal somites with one
row of larger spinules ventrally and laterally.

Nauplius eye not confirmed.

Type and only genusRometegen. nov. Rostrum not defined at base (Figs. 1A, 2A).

Anal operculum (Fig. 1A, B) plain.

Caudal rami (Fig. 1) 2 times longer than wide, proba-

y with 7 setae; seta lll (Figs. 1E, 6B) presumably bro-

gen off on both sides.

Descriptions

Rometidae fam. nov.

Diagnosis(autapomorphies underlinedeep depres
sionswith reticular ornamentations lateral in anteriorbI
half of cephalic shield. First pedigerous sontten

pletely fusedo dorsal cephalic shield. Enp-2 of antenn Antennule (Fig. 2A) 13-segmented: with geniculation

with 1 spine (I) an® setae (2—4) laterally: element 3b ! ts 8 and 9 ture f 19+
forming a setaDistal segment of mandibular exopod ex2€"WEEN SEgMENLS & and S, armature formula: 1, 9 + aes,

remelyminute Maxilliped 3-segmented, with syncoxa,’ * 3€S, 2,5 +aes, 2,2,1/3, 1, 2,2, 6 + acrothek, fusion
basis and 1-segmented endopaxh-1 and enp-2 fused ©f Oligoarthra segments 2 and 3.

Two outer spines of exp-3 P1 elongddéstal outer cor- ~ Antenna (Fig. 2B, C) 4-segmented, composed of
ner of enp-2 of P2—P3 produced irgpinous process C€0X&, basis and 2 endopod segments; basis and proximal
enp-3 of P2—P4decomes slender in distal half, the stendopod segment with 1 seta each; distal endopod seg-

strengthened by cuticular thickening ment with 4 lateral and 7 distal setae; exopod 4-segment-
Male. Exopod P5 3-segmented, with 1-0, 0113-1 ed, with 2, 1, 1, 3 setae.
or 1-0, 0-1 1-2-1 setae. Mandible (Fig. 3A, B) with coxa bearing well-devel-

oped gnathobase; cutting edge with 1 seta at proximal
corner; palp consists of basis, endopod and exopod;
basis with 3 spines and 1 seta; endopod 1-segmented
Type and only speciesRomete bulbisetsp. nov. bearing 1 spine and 2 setae laterally and 6 distal setae, 2
distal setae fused at base; exopod with 2, 1, 1, 2 setae,
distal segment extremely minute, difficult to observe.
Etymology: An anagram of Meteor, the name of the re- Maxillule (Fig. 3C) composed of praecoxa, coxa, ex-
search vessel and the seamount where the new speoigsd, and basis fused with endopod; praecoxal arthrite:
was discovered. anterior surface in outer half with 2 juxtaposed setae (1 +
2), apically 2 rows of spines with 3 anterior and 4 poste-
rior spines (2 posterior spines with 2 long spinules), as

. well as 1 smaller, flexible seta (10) inserting on anterior
Romete bulbiseta sp. nov. surface, apical inner margin with 2 plumose setae (11 +
Type material: Holotype male, dissected and mounted-2), posterior surface with 2 proximal setae (13 + 14);
on 13 slides, deposited in the Copepod Collection of tis@xa with 6 setae, epipodite represented by 4 setae; basis
AG Zoosystematik und Morphologie, University of ©ld and endopod of maxillule are fused to one segment with
enbuilg, Germany (UNIOL Coll. No. 2001.039/1- characteristic rectangular shape, all 14 setae insert at dis-
2001.039/13); Atlantic Ocean, Great Meteor Seamourtgl edge; exopod with 4 setae.

30°08.4N, 28°34.8W, 455 m, Giant Box Corer; leg. Maxilla (Fig. 3D, E) composed of syncoxa, allobasis,
Prof. Dr. P. Martinez Arbizu during expedition with RV and 3-segmented endopod; syncoxa with 4 endites with
“Meteor”, M42/3, St. 451, 01.09.1998. 4, 3, 3, 3 setae; allobasis fused with strong claw (1); ac-

Romete gen. nov.

Diagnosis:ldentical to that of Rometidae fam. nov.

Gender: Feminine.

Org. Divers. Evol. (2003) 3, 13-37



16 Seifried & Schminke

Fig. 1. Romete bulbiseta gen. et sp. nov., holotype male. A. Habitus, lateral. B. Urosome, dorsal. C. Urosome, ventral. D. Cephalothorax, lateral.
E. Caudal ramus, ventral. F. Caudal ramus, lateral. G. Caudal ramus, dorsal. Scale bars: A-D 50 ym; E-G 20 pm.

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 17

Fig. 2. Romete bulbiseta gen. et sp. nov., holotype male. A. Antennule and rostrum. B. Antenna, lateral setae of distal endopod segment omit-
ted.C. Antenna, distal endopod segment with lateral setae, distal setae omitted. D. Maxilliped. Scale bars: 20 pm.

Org. Divers. Evol. (2003) 3, 13-37



18 Seifried & Schminke

Fig. 3. Romete bulbiseta gen. et sp. nov., holotype male. A. Coxa of mandible. B. Palp of mandible. C. Maxillule. D. Maxilla, posterior. E. Maxil-
la, allobasis and endopod, anterior. Scale bar: 20 um.

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 19

cessory armature of fused basis consisting of 1 curvedMaxilliped (Fig. 2D) 3-segmented, composed of syn-
spine (I1), 1 seta (3) and 1 long hyaline tube pore on acexa, basis and 1-segmented endopod; syncoxa with incor-
terior surface, and a seta (4) on posterior surface; eporated coxal endites represented from proximal to distal
dopodal armature of allobasis consisting of displacexy I+1, Ill, 1+1 long spines and setae; basis with 1 spine and
seta 10 between anterior and posterior surface, an addseta; endopod directed inwards with 4 setae and 2 spines.
tional seta closely set to seta 10, and sktanlposterior P1-P4 (Figs. 4, 5) with 3-segmented rami, distal
surface; endopod with armature formula: 2, 2, 4. inner corner of endopod-2 P2-P3 produced into

A Fig. 4. Romete bulbiseta gen. et sp.
nov., holotype male. A. P1. B. P2.
Scale bar: 20 um.

Org. Divers. Evol. (2003) 3, 13-37



20 Seifried & Schminke

spinous process; enp-3 of P2—P4 becomes slender iP5 (Fig. 6A) fused medially; endopodal lobe with 1
distal half, the step strengthened by cuticular thickeseta, which is broad and hyaline at the apex and bulbous

ing; two outer spines of exp-3 P1 elongate; formula at the base; 3-segmented exopod with 1-0, 0-1, 1-2-1
armature:

setae.
coxa basis exopod endopod P6 (Fig. 6A) symmetrical with 3 setae.
P1 00 I I-1; 1-1; I-2-1 0-1;0-1; I-1-1 Femaleunknown.
P2 00 1-0 I-1; I-1; IlI-1+1-2  0-1; 0-1; 1-2-2
P3 0-0 1-0 I-1; 1-1; lI-1+1-2  0-1; 0-1; 1-2-3 Etymology: The species name alludes to the bulbous
P4 00 1-0 I-1; 1-1; II-1+1-2  0-1; 0-1; 1-2-2 base of the endopodal seta of the male P5.

Fig. 5. Romete bulbiseta gen.
B et sp. nov., holotype male. A.
P3.B. P4. Scale bar: 20 um.

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 21

Remarks: Another single male of a different species of It is highly probable thaRomete bulbisetdoes pos-
Rometidae was found in the deep sea ofAhgola sess seta Il on the caudal ramus. On both caudal rami
Basin Rometespec.; DIVA 1, see list of material; Fig. the typical hole can be seen which results when a seta is
6B). As the sorting of the rich material is still inbroken off (Fig. 1E). Seta lll is visible Rometespec.
progress, it is hoped that females will soon be found {&ig. 6B).

allow description.

Fig. 6. A. Romete bulbiseta
gen. et sp. nov., holotype
A male; P5 and P6. B. Romete
spec.; habitus, dorsal. Scale
bars A: 20 pm; B: 100 pm.

Org. Divers. Evol. (2003) 3, 13-37



22 Seifried & Schminke

Harpacticoida
Polyarthra Oligoarthra
Aegisthoidea Syngnatharthra

Rometidae Aegisthidae

Fig. 7. Diagram of phylogenetic relationships within Harpacticoida. Character set 1: char. 9: 0 - 1, char. 14:0 - 1, char. 17: 0 - 1, char. 30:
0-1,char.33:0 -1, char. 34: 0 - 1. Character set 2: char. 1: 0 - 1, char. 2: 0 » 1, char. 8: 150, char. 12: 0 - 1, char. 21: 0 - 1, char. 25:
0-1,char.26:0-1,char.27:0 = 1,char. 36:0 - 1 or 2 — 1. Character set 3: char. 3: 0 - 1, char. 5:0 = 1, char.6:0 = 1, char. 7: 0 - 1, char.
10:0 - 1,char. 11:0 - 1,char. 13: 0 = 1, char. 15:0 = 1, char. 18:0 = 1, char. 28: 0 = 1, char. 29: 0 - 1, char. 31: 0 - 1, char. 32: 0 = 1, char.
35:0 -1, char. 37: 0 - 1. Character set 4: char. 2:0 — 1, char. 4: 0 - 1, char. 13: 0 - 1, char. 16: 0 - 1, char. 19: 0 = 1, char. 20: 0 = 1, char.
21:0 51, char. 22:0 - 1, char. 23: 0 = 1, char. 24: 0 = 1.

Table 1. Data matrix of characters of Oligoarthra. Same characters as in the character list. ? = missing data. No autapomorphies of
Oligoarthra are added.

Taxon Character 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Calanoida o 0o o0 1 o0 0 O 0 0 O 0 0 0 O o 0 o0 0 0 2?
Misophrioida o 0o 0 o0 o0 0 O 0 0 O 0 0 o0 O o 0o o0 0 0 ?
Polyarthra o 0o 0 o ? 0 0 0 0 O 0 0 0 O o 0 ? 0 0 O
Rometidae 1 1t 0 0 ? 0 0 0 1 0 o 1 0 1 o 0 1 0 0 O
Aegisthidae o o 1 o0 1 1 1 1 1 1 T 0 1 1 T 0 1 1 0 0
Syngnatharthra 0 1 0 1 o 0 o0 1 0 O o 0 1 0 o 1 0 0 1 1

Taxon Character 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3 36 37

Calanoida o 0 0 0 O o0 O o0 0 O 0 0 0 0 0 0 0
Misophrioida o o o0 0 O o0 o0 0 0 O 0 0 0 0 o 1 0
Polyarthra o 0o o o0 O o O o0 o0 ? ? 2 170 0 3 0
Rometidae T 0 0 0 1 1 1 207 o 0o 1 1 o 1 0
Aegisthidae o o0 o0 0 o0 0 o0 1 T 1 1 1 11 1 2 1
Syngnatharthra 1 1 1 1 0o 0 0 0 0 0 0 0 0 0 0 2 0

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 23

Phylogenetic relationships at the base Antenna
of Oligoarthra Char. 6. (0) Basis and proximal endopod segment sepa-
rate; P. (1) Allobasis or basis and proximal endopod seg-
The new species shows an interesting combination ent incompletely fused; A.

characters. To assess its phylogenetic relationships_a

comprehensive study of the basal Oligoarthra was aghar- 7. (0) Second endopodal segment with more than
vantageous (Fig. 7). 4 setae (3- or 4-segmented endopod), or distal endopod

segment with 4 or more lateral setae and spines (2-seg-
mented endopod); P. (1) Distal endopod segment lateral-
List of characters ly with 1 spine and 2 setae, spine | lacking (2-segmented
. . . . endopod); A.

This character list contains only abbreviated representa
tions of the individual character states. More detailegha, g. (0) Lateral element 3 of distal endopod segment

descriptions can be found below (Discussion of charagsming a seta; P. (1) Lateral element Iil of distal endo-
ters andlaxa of Oligoarthra sections) and in Seifrieg,yq segment forming a spine; A.

(2002). Character states are here given as (0) to (3).

Characters and their states according to the charag{gtngiple
list and the character matrixafile 1) are marked in the
text as follows: transformation of, e.g., character 1 fro
character state (0) to state (1) is symbolized by char.
0 - 1. The autapomorphies supporting the phylogene

relationships within Harpacticoida are summarized ip, . 14 (0) 2-segmented endopod, or 1-segmented en-

character setsarrying the number of the branch Ieadm%lopod considerably smaller than basis and at most 1.5

to the respective taxon (Fig. 7). For example, the a .
tapomorpﬁies of SYngn(atr?artk)lra are sumpmarized es longer thar_1 wide; P. (1) Endopod of one large seg-
character set which contains characters 2, 4, 13, 1 r'nent, atleast 2 times longer than wide; A.

19, 20, 21, 22, 23, and 24 (see section on Syn
natharthra below)The most plesiomorphic state of

I%har. 9. (0) 2-segmented endopod with setae on enp-1,
r.1-segmented endopod with setae laterally; P. (1) En-
y)pod with 1 spine and 2 setae laterally; A.

Ehar. 11. (0) Exopod 5-segmented, or 4-segmented and

character within Copepoda and Oligoarthra is mark oximal segment not much longer than wide; P. (1)
with P (= plesiomorphy). The more derived character oximal segment of exopod elongate, considerably

states within Copepoda and Oligoarthra are mark gﬁgggrrt‘;]h;nv\zzrg_axnlng segments and at least 3 times
with A (= apomorphy). 9 P

Char. 12. (0) Distal segment of exopod not minute,

Body . . . maybe small but segment clearly visible; P. (1) Distal
Char. 1. (0) No deep depressions laterally in a”ter'oéegment of exopod extremely minute: A.
half of cephalic shield; reticular ornamentation of cutic ’

ula of cephalic shield and following somites sometimegxillula
present; P(1) Deep depressions with reticular orname

tation laterally in anterior half of cephalic shieid; rbhar. 13.(0) Epipodite of coxa represented by more

than 3 setae; P. (1) Epipodite of coxa represented by 2 or

Char. 2. (0) P1-bearing somite not fused to cephalo3 setae; A.

some; P. (1) P1-bearing somite and cephalosome fused ) i
forming a cephalothorax. Char. 14.(0) Endopod not fused with basis; P. (1) Endo-

pod fused with basis, forming a rectangular segment,
Char. 3. (0) Anal somite not longer than wide, and no&nd all setae inserting at distal edge; A.
tapering; P(1) Anal somite elongate, tapering posterior-
ly; A. Char. 15.(0) Exopod well developed, with more than 3

setae; P. (1) Exopod reduced in size, with 3 setae; A.
Char. 4. (0) Male with 2 spermatophores; P. (1) Male

with 1 spermatophoré. Maxilla

Char. 16.(0) Endites of praecoxa not fused; P. (1) En-
Antennule of female dites of praecoxa fused:; A.

Char. 5. (0) Oligoarthran segments 3 and 4 separate

(copepod segments IlI-VIIl and IX-XIV); P. (1) Char. 17.(0) Proximal endopod segment of Copepoda
Oligoarthran segments 3 and 4 fused (copepod segmenés, with 4 setae; or fused with basis, with 2 anterior
=Vl and IX=XIV); A. setae and 1 posterior seRa(1) Proximal endopodal
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segment of Copepoda fused with basis; endopodal elRs of female

ment 11 on posterior side; endopodal seta 10 of alloh@har. 28. (0) With endopod or endopodal lobe; P. (1)
sis inserting between anterior and posterior surfac@jthout endopodal lobe; A.

seta 9 absent or inserting near seta 10 but on anterior

surface, an additional seta very closely set to endopodiar. 29. (0) Exopod 3-segmented, or exopod 1-seg-
seta 10; A. mented and less than 1.5 times as long as wide; P. (1) Ex-

opod 1-segmented, more than twice as long as wide; A.
Char. 18.(0) All elements of proximal endopod segment

of Copepoda developed as setae, sometimes proximgtennule of male

endopod segment fused with basis to form an allobasgsy 5, 30. (0) Oligoarthran segments 2 and 3 separate

P. (1) Posterior endopod_al element 11 of allobasis dE‘Vﬁl'opepod segments Il and 11I=VII); P. (1) Oligoarthran

oped as large, strong spine; A. segments 2 and 3 fused (copepod segments Il and
- =V11); A.

Maxilliped

Char. 19.(0) Syncoxa, or praecoxa and coxa combine@har. 31.(0) Oligoarthran segments 10 and 11 separated

with 11, 10 or 7 setae and spines on inner border; P. (¢bpepod segments XXI-XXII and XXIII); P. (1)

Syncoxa with 6 setae and spines, one seta of proxin@ligoarthran segments 10 and 11 fused (copepod seg-

endite lost; A. ments XXI-XXII and XXIlII); A.

Char. 20.(0) Without joint between basis and endopodChar. 32.(0) Oligoarthran segments 12 to 14 separated

P. (1) With highly flexible joint between basis and endocopepod segments XXIV to XXVII); P. (1)

pod; A. Oligoarthran segments 12 to 14 fused to one segment
(copepod segments XXIV to XXVIII); A.

Char. 21.(0) Endopod 6-segmented, or 2-segmented

and enp-2 not reduced in size; P. (1) Endopod 2-se@5 of male

mented and enp-2 reduced in size, or indistinctly 2-seghar. 33.(0) Coxa and basis separate; P. (1) Coxa and
mented, or 1-segmented; A. basis fused; A.

Char. 22.(0) Endopod without a claw; P. (1) Endopod 2¢har. 34.(0) Endopod separate from basis; P. (1) Endo-
segmented and enp-1 with a small claw displaced to p@yd fused to basis; A.

terior side of distal end, and with 2 lateral setae; A.

~ Char. 35.(0) With endopod or endopodal lobe; P. (1)
Char. 23.(0) Enp-2 or distal endopod segment with 4yjithout endopodal lobe; A.
spines and setae, or with more than 4 setae; no geniculat-

ed setae; P. (1) Enp-2 with 2 geniculated distal setae (Ehar. 36. (0) 3-segmented exopod with 1-0, 1-1, 1-3-1

4) and 2 small outer setae (1 + 2); A. or more setae; P. (1) 3-segmented exopod with 1-0, 0-1,
1-3-1 setae; A. (2) 3-segmented exopod with 1-0, 1-1, 1-
P1 2-1 setae; A. (3) Exopod 1-segmented; A.

Char. 24.(0) Exp-1 with 1 inner seta; P. (1) Exp-1 with-caudal rami

outinner seta; A. Char. 37.(0) Caudal rami not more than twice as long as

. wide; P. (1) Caudal rami clearly more than twice as long
Char. 25.(0) No outer spines of exp-3 of P1 elongate; B wide: A

(1) Only 2 outer spines of exp-3 of P1 elongate; A.

P2_P4 Discussion of characters

Char. 26. (0) Distal outer corner of enp-2 of P2-P3 noChar. 1 (cephalic shield): Rometidae is characterized by
produced into spinous process; P. (1) Distal outer corrtee deep lateral depressions with reticular ornamentations
of enp-2 of P2-P3 produced into spinous process; A. in the anterior half of the cephalic shield (Fig. 1A, D).
These structures are unique within Harpacticoida. In
Char. 27.(0) Distal end of enp-3 of P2-P4 not slendersome species of Aegisthidae, the cuticula of the cephalic
or the whole enp-3 long and slender; P. (1) Enp-3 of P&hield and the following somites is also reticulated. This
P4 becomes slender in distal half, the step strengthereedamentation is well presented in the descriptions of
by cuticular thickening; A. Aegisthidae by It6 (1982, 1983), Conroy-Dalton & Huys

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 25

(1999) and Lee & Huys (2000); e@ervinia plumosa Char. 3 (anal somite): Only species of Aegisthidae have
[t6, 1983,Andromastax muricatu€onroy-Dalton & an elongate and posteriorly tapering anal somite. This
Huys, 1999,Jamstecia terazakliee & Huys, 2000. In form is a consequence of the form of the caudal rami and
many other descriptions éfegisthidae this reticulation can be found in all species of Aegisthidae. The outer
is not mentioned, despite its presence in species of medges of the caudal rami are always the continuation of
aegisthid genera. The reticular ornamentation may behe outer edges of the anal somite. As the caudal rami of
further autapomorphy &egisthoidea. However, the Aegisthidae are not only elongate but also thin (see
deep, round lateral depressions of Rometidae speciméeadow) and inserting side by side, the anal somite is not
are not mentioned in any description of Aegisthidae ara$ wide posteriorly as anteriorly. Other Oligoarthra and
could not be found on any investigated specimen. the outgroup species have caudal rami with a greater
width, which do not insert side by side. Accordingly they
Char. 2 (first pedigerous somite): Most Oligoarthra havédnave anal somites with nearly the same width anteriorly
a cephalothorax, as the first pedigerous somite is fusedatod posteriorly (Fig. 6B).
the cephalosome (Fig. 1A).This is in contrast to the
species of the outgroups, in which the first pedigerowhar. 4 (spermatophore): The existence of only one sper-
somite is free. The fusion is an autapomorphy of Symatophore at a time is characteristic for Syngnatharthra.
gnatharthra. However, some species of SyngnathartiMannopus palustri8rady, 1880 (Podogennonta Lang,
have a first pedigerous somite that was secondarily- sed®44, Huntemanniidae Por, 1986) produces 2 sper-
rated from the cephalosome. Species of Chappuisiidamatophores simultaneously (Hosfeld 1997). The same is
Phyllognathopodidae, and some Latiremidae Bozic, 1968ue for the males dflarpacticellaspp.,Tigriopusspp.
have a completely separate first pedigerous somite thetdZaus goodsirBrady, 1880 (Podogennonta, Harpacti-
has almost the original size and shapiee first pediger- cidae Sars, 1904), as noted by Huys et al. (1996). This is
ous somite of species of Darcythompsoniidae, contrary itcterpreted as a secondary development (Seifried 2002).
older descriptions, is always fused to the cephalosoriéthin Podogennonta the species with 2 spermatophores
(Huys et al. 1996, p. 60Atergopedia vetustilartinez belong to two different evolutionary lines.
Arbizu & Moura, 1998 (Novocriniidae Huys & If#, The Misophrioida and Polyarthra produce two sper-
1998),Rotundiclipeus canarienskduys, 1988 (Rotundi- matophores simultaneously, but the Calanoida produce
clipeidae), and some speciesTachidiidae Sars, 1909 only one spermatophore at a time. However, it is very
(e.g.Tachidius (Tachidius) discipeSiesbrecht, 1881) likely that the plesiomorphic condition within Copepoda
have a P1 segment that is not completely separated framd Harpacticoida is 2 spermatophores produced simul-
the cephalosome or has afdient size or shape. For thetaneously as in Aegisthidae (Hosfeld 1997).
last group of species it is unquestionable that the R1 seg
ment is secondarily separate, as is indicated by its si@har. 5 (female antennule): In aegisthid species the
and form and the phylogeny within Oligoarthra. In Chapsligoarthran segments 3 and 4 of the female antennule
puisiidae, Phyllognathopodidae, and Latiremidae the segre fused (copepod segments IlI-VIII and IX-XIV). For
aration also took place secondarily, as can be dedudedmetidae the female is not known. The species of the
from the phylogenetic system of Harpacticoida (SeifrieGalanoida and Misophrioida and the more plesiomor-
2002). A completely or incompletely separated first pedphic species of Syngnatharthra have these segments sep-
gerous somite is probably more common in Oligoarthrarate.
as can be seen in TEM observations (B. Hosfeld, pers.
comm.). It seems that in some taxa of Oligoarthra the d€har. 6 (antenna): All species of Aegisthidae have an al-
gree of fusion is a variable character (even between sidigbasis or a basis that is incompletely fused with the
species), in phylogenetic analysis this character shoysdoximal endopod segment. The outgroup species, all
therefore be used with care. species of Rometidae, and the species of the more ple-
The P1 segment is fused to the cephalosome in matésmorphic taxa of Syngnatharthra have the basis and
of Rometidae and in males and female€efviniella proximal endopod segment separate (Fig. 2B). An al-
Smirnov, 1946 (Aegisthidae). Howevérerviniellais lobasis has convergently evolved in advanced taxa of
highly derived withinAegisthidae. The more plesiomor-Syngnatharthra (e.g. Rotundiclipeidae; Superor-
phic state withirAegisthidae is a free P1 segment, so thatatiremidae Huys, 1993; Cletodidae T. Scott, 1905).
the fusions in Syngnatharthra, Rometidae @rdviniel-
la are not homologous. The alternative possibility woul€hars 7and8 (antenna): Ahomologous modification of
be that the fusion happened in the ancestor line tfe 4 subterminal setae of the proximal antennal endo-
Oligoarthra, the P1 segment was secondarily separafgatl segment is found in most Oligoarthra. The setation
from the cephalosome Aegisthidae, and that the fusionconsists of 1 short proximal spine (I), 1 longer distal
of the P1 segment evolved secondarilZarviniella spine (1), 1 distal geniculate seta (4), and 1 bare, slen-
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der seta (2) (Willen 2000). Seta 5 of Polyarthra is laclseta (Fig. 3C). All species of Aegisthidae have a maxi-
ing (Seifried 2002). The outgroup species have moreum of 3 lateral elements on the distal endopod seg-
than 4 setae and no such transformation. In the speadiesnt. One spine (spine ) is always lacking. Many of the
of Rometidae element 3 is secondarily transformed tangore advanced species of Syngnatharthra also have only

Fig. 8. A.Aegisthidae gen. spec. 1, female;
maxillule. B. Neobradyidae gen. spec., fe-
male; maxilla, without setae of free en-
dopodal segments. Scale bars: 20 pm.
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3 lateral elements on the distal endopod segment. In thegisthidae have a proximal exopodal segment that is
evolution of Oligoarthra, spine | and other elements amostly, but not always, shorter than the other exopod seg-
lost more often than once. Howeyéhe outgroup ments (e.gPontostratiotes sixtorurRor, 1969 subsp.
species and the more plesiomorphic syngnatharthrarindanaoensi#td, 1982). However, it is not as small as
species have 4 or more lateral elements on the distal drat of rometid species and — if not fused to another exo-
dopod segment. The evolution of these lateral elememisd segment — always clearly visible. Sometimes it is
was described in detail by Seifried (2002). even as large as the other exopodal segments, €g- in
canuella spiniferaCerviniopsis muranoitd, 1982, and
Char. 9 (mandible): The large lateral spine on the 1-sed=xpansicervinia glaceridontagna, 1981.
mented mandibular endopod is very characteristic for
Aegisthoidea (Fig. 3B). Such a spine is not describé&zhar. 13 (maxillule): Romete bulbisethas a maxillule
from any other harpacticoid or outgroup species. Neanlith 4 setae representing the epipodite of the coxa (Fig.
all species of Aegisthoidea have 2 setae and 1 spine. T3@). Neobradya pectinifer&cott, 1892 anéntarcti-
descriptions ofEucanuella spinifera, Stratiopontotescobradya tenui¢Brady, 1910) have 3 setae. All other
mediteraneusSoyer, 1970, and some but not all speciedescribed Oligoarthra never have more than 2 setae. In
of CerviniopsisSars, 1909 indicate an endopod with 3he ancestral lines to Aegisthidae and to Syngnatharthra
lateral setaeStratiopontotespec. from the Arctic (see the reduction of 1 or 2 epipodal setae happened conver-
Methods and material) also has 3 lateral s@taemuse- gently.
um material ofEucanuella spiniferariginally collected
by G. O. Sars (see Methods and material) clearly showhars 14 and 15 (maxillule): All species of Aegis-
that the description of the mandible by Sars (1903) is nibtoidea have a maxillule in which the basis and endopod
detailed enouglE. spiniferahas the large lateral spineare fused (Figs. 3C, 8A). The fused segment has a char-
and two setae on the mandibular endopod. This can afsteristic rectangular shape, and all setae arise from the
be seen in the original description®f spiniferaby T.  distal edge. This is a very strong synapomorphy for
Scott (1900). Thus, the more plesiomorphic Aegisthoidddometidae and Aegisthidae. There is no other harpacti-
such afkomete bulbisetandE. spiniferahave the lateral coid with a maxillule fused in this way. In addition, the
spine. It is probable that the spine has been secondantgxillular exopod is always reduced in size with at most
transformed to a seta in the more advanced species3adetae in aegisthid species. Other taxa of Oligoarthra
CerviniopsisandStratiopontoteSoyer, 1970. As most and the outgroup taxa have a free endopod segment in
Cerviniopsisspecies have the spine (e@.clavicornis the groundpattern. Species of Polyarthra have a relative-
Sars, 1903;C. curvisetaBrodskaya, 1963,C. ob- lylarge, 1-segmented exopod with at most 11 setae and a
tusirostrisBrodskaya, 1963), the secondary transform&-segmented endopod with 5, 6 setae. The more ple-
tion of the lateral spine of the mandibular endopod magjomorphic syngnatharthran species have a 1-segmented
be an indication of a closer relationshipSifatiopon- exopod with at most 4 setae and a 1-segmented endopod
totesand someCerviniopsisspecies. with at most 6 setae. The groundpattern of Misophrioida
is a 1-segmented exopod with 11 setae and a 2-segment-
Chars 10to 12 (mandible): All more plesiomorphic ed endopod with 6, 6 setae. The groundpattern of
species of Aegisthidae have a typical mandible: the endBalanoida is a 1-segmented exopod with 11 setae and a
pod is one lage segment that is at least twice as long &segmented endopod with 6, 4, 7 setae.
wide.The form of the endopod is typically oval-rectangu-
lar. The proximal segment of exopod is elongated, consi@har. 16 (maxilla): The monophyletic group Syng-
erably longer than the remaining segments, and at leasttharthra is characterized, among other features, by the
3 times longer than wide. The shapes of the exopod afu$ed proximal endites of the syncoxa of the maxilla
especially the endopod are unique for aegisthid speci€Big. 8B). Species of Aegisthoidea have the more ple-
With the exception of the proximal exopod segment, tr@omorphic character state (Fig. 3D): the endites of the
more plesiomorphic character state within Harpacticoidaraecoxa are not fused but clearly separate. In most Syn-
is visible inRomete bulbisetérig. 3B). The 1-segmented gnatharthra a depression still marks the fusion zone of
endopod and the proximal exopod segment are not tire maxillar endites. In Neobradyidae, the sistergroup of
only slightly longer than wide. However, the distal segall other Syngnatharthra (Seifried 2002), the fusion ap-
ment of the mandibular exopodRomete bulbisetig ex- pears in an initial state: the endites are fused, but the re-
tremely minute. It is so small that the segment is only visulting endite is bilobed (Fig. 8B). The cleft reaches al-
ible by careful examinatiofThis is an advanced charac-most to the syncoxa as Antarcticobradya tenuisin
ter stateThe groundpattern within Oligoarthra is a proxi-Neobradya pectiniferthe cleft reaches right to the syn-
mal segment of a 4-segmented mandibular exopod thatisxa. However, the endites are close togethé&do-
not shorter than the other exopod segments. Specieshofdya and all other species of Neobradyidae possess
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the fusion of the proximal endites of the maxillar synef endopodite” folP. robustudtd, 1982. In all species of
coxa (e.gMarsteinia typicaDrzycimski, 1968). The Aegisthoidea analysed for this study and where the inser-
more plesiomorphic state with the proximal enditeBon points of the setae were visible, not more than two
clearly apart (Fig. 3D) is only found in Aegisthoidea angarallel setae could be found inserting very closely to-
the outgroups of Oligoarthra. The fusion of proximal erngether between anterior and posterior side and nearby
dites of the maxillar syncoxa is an autapomorphy aeta 9 on the anterior side. However, it should be kept in
Syngnatharthra. mind that a further additional seta could be present and
that sometimes the three setae are fused, as described by
Chars 17and18(maxilla): Huys & Boxshall (1991) indi- 1t6 (1982).
cated a 4-segmented maxillar endopod with 4 setae on the
proximal segment for the groundpattern of Copepod&hars 19to 23 (maxilliped): The evolution of the maxil-
and with 3 setae for the groundpattern of Harpacticoidipedal endopod will only be touched briefly here. Refer
Seifried (2002) came to the conclusion that the plde Seifried (2002) for a discussion in more detail. The
siomorphic condition in Harpacticoida is an allobasis (fuspecies of Syngnatharthra show a characteristic maxil-
sion of proximal endopod segment and basis) and a 3-séged: a coxa with less than 7 setae and spines, a joint be-
mented endopod. The fused endopod segment can betdeen basis and endopod, a 2-segmented endopod with 1
tected through 2 setae (9, 10) on the anterior surfacetbfn claw (V) and 2 geniculated distal setae (3 + 4) on
the allobasis situated between outer and inner edge of 8g-1, and an enp-2 which is reduced in size. The
free endopodal segments, and 1 seta (11) on the postesipecies with a more plesiomorphic morphology within
surface (Seifried 2002). However, in Aegisthidae the sityngnatharthra have preserved this ancestral form of the
ation is different. The displaced endopodal seta 10 of theaxilliped (Seifried 2002). Huys & Boxshall (1991) re-
allobasis is inserted between anterior and posterior seenstructed 10 setae at the maxillipedal praecoxa and
face, the displaced seta 9 is near seta 10 but on the antawika in the groundpattern of Misophrioida and 11 setae
or surface, and an additional seta is present very closerdhe groundpattern of Calanoida. The fusion of prae-
endopodal seta 10 (e.g. Aegisthidae gen. spec. tgxa and coxa and the transformation of 3 setae to spines
Aegisthidae gen. spec. 3, Aegisthidae gen. speir&; are groundpattern characters of Harpacticoida (Seifried
tiopontotespec.). In addition, the posterior endopodal eR002). The groundpattern of Polyarthra is 1, 1+1, [+3,
ement 11 of the allobasis is developed as a large, strdr@ spines and setae on the syncoxa of the maxilliped,
spine. This striking spine constitutes a very good autapitat of Oligoarthra is 1+1, 1+2, 1+1. The species of Syng-
morphy and a perfect diagnostic character, as it can batharthra have a maximum of 6 syncoxal setae and
found in all species of Aegisthidae but not in species gpines, the seta of the proximal endite is lost. The latter
Rometidae. However, the rometid species have thesta is present in the more plesiomorphic Aegisthoidea,
setae, inserting very closely together between anterierg. species dRometeandEucanuellaT. Scott, 1900.
and posterior surface (Fig. 3E: 10, ?). These parallel setdewever, in very advanced taxa of Aegisthidae with
are very characteristic, although often only visible imany reductions in general (e.g. the benthopelagic
undissected specimens. When the maxilla is separatsgecies oAndromastaxConroy-Dalton & Huys, 1999),
the setae are mostly covered by the endopodal setae Hmseta of the proximal endite of the syncoxa is conver-
the insertion points of the setae are invisible. One of thegently lost.
setae is displaced seta 10; the other is either the fourthThe species of the outgroups and of Aegisthoidea
seta of the proximal endopod segment of the groundpatve no highly flexible joint between basis and endopod
tern of Copepoda or a duplication of seta 10. Until moref the maxilliped. The joint evolved in the ancestral line
information is available, the seta is regarded as an adgiading to Syngnatharthra. However, in some taxa of
tional seta with the insertion point between anterior ar@opepoda, such as Siphonostomatoida Thorell, 1859, a
posterior surface, probably a duplication of seta 10. Oft¢nint between basis and endopod of maxillipeds is con-
in addition to the posterior spine 11 and the anterior satargently developed. In caligiform taxa fused endopod
9, 1td (1982, 1983) described three different cases of ses&gments, a terminal claw and a highly flexible joint be-
tion on the endopodal part of the allobasis in Aegisthidaeveen basis and endopod are convergently evolved “to
he illustrated “three basally fused fine setae on distal edfyggm a powerful compound subchela” (Huys & Boxshall
close to inner base of endopodite” fdontostratiotes 1991) useful for grasping.
pacificusltd, 1982 P. abyssicoldrady, 1883, an®. six- The 2 geniculated distal setae (3 + 4) of the small dis-
torum mindanaoensjsthree juxtaposed setae on distatal endopod segment are accompanied by 2 small outer
edge close to inner base of endopodite’Hounisetosus setae (1 + 2) and can be found in many species of Syng-
It6, 1982, Eucanuella longirostrataltd, 1983, and natharthra (Seifried 2002). They are an element of the
Cerviniopsis minutisetd6, 1983, and “two separate slen-groundpattern of Syngnatharthra, as is the small claw
der setae ... attached onto distal end close to anterior b@ggdisplaced to the posterior side of the distal end of the
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proximal endopod segmenthe hypothesis is that all the projection is not longer than a fourth of enp-3. In
species of Syngnatharthra without geniculated setae contrast, species of Rometidae have no outer spinous
the maxilliped have lost them. It is very unlikely that thiprocess on enp-1 of P2—-P3. In addition, the outer
characteristic morphology with the geniculated setae sgpinous process of enp-2 in P2 is nearly half as long as
the distal end of the endopod accompanied by the twap-3, and one third of enp-3 in P3. The most parsimo-
small lateral setae has developed more than once withious hypothesis presently is: species of Rometidae are
Oligoarthra (Seifried 2002). characterized, among other features, by a long spinous
process at the distal outer corner of enp-2 of P2—P3 and
Char. 24(P1): The inner seta of exp-1 P1 is the only setan enp-3 of P2—P4 that becomes slender in the distal
that was lost only once in the evolution of alhalf, with the step being strengthened by cuticular thick-
oligoarthran taxa. All other setae were lost several timesning (Figs. 4B, 5).
Every single species of Polyarthra akehisthoidea has
this seta, and no Syngnatharthra species has it. In tlears 28, 29and35 (P5 of female and male): The evo-
groundpattern of Calanoida and Misophrioida the setaligion of the antennule and the P5 of Oligoarthra will
present. only be briefly touched here, Seifried (2002) has dis-
cussed this in more detail. Both sexes of all outgroups,
Char. 25 (P1): The 2 outer spines of exp-3 of P1 arPolyarthra, Oligoarthra and Syngnatharthra have an en-
elongate in both rometid speciéthe more plesiomor- dopod or an endopodal lobe in the groundpattern of the
phic species of\egisthidae and Syngnatharthra and thE5. As the males of Rometidae have an endopodal lobe
species of the outgroups have short, robust outer spiéth a seta (Fig. 6A), it could be that the female has one
on the whole exopod P1. Species of some advanced tasawell. Aegisthid species have no endopod and no en-
of Aegisthidae and Syngnatharthra, suclPastostra- dopodal lobe, but an elongate exopod in both sexes.
tiotesBrady, 1883 and Tisbinae Lang, 1944, also hav@tyracothorax gladiatoHuys, 1993 anéRotundiclipeus
glongate spines. Howeveén these cases all spines of alcanariensishave no endopodal lobe either, but a differ-
swimming legs or of the whole exopod P1 are elongatent general morphology of P5 (see below). Some ad-
In the advanced, very @, mainly planktonic Aegisthi- vanced Podogennonta have reduced endopodal lobes,
dae the elongation of many segments, setae and spisemetimes represented only by one seta (species of
of the mouthparts and legs accompanies this. In Rometirgestidae Por, 1968, Cletodidae, Canthocamptidae
dae the elongation concerns only the 2 outer spines®drs, 1906). Some of them have no P5 at all, like some
exp-3 of P1. Rometidae are small, compact, benthic ar@anthocamptidae, and some of them have a long P5 exo-
mals without any elongation apart from the discussqubd like species of Aegisthidae, especially argestid
setae. species. The general morphology and the phylogenetic
analysis shows that in the evolution of Harpacticoida the
Chars 26and27 (P2—P4): The species of Rometidageduction of the endopod P5 of male and female hap-
have characteristic swimming leghe distal outer cor- pened more than once (Seifried 2002). However, except
ner of enp-2 of P2—P3 is produced into a spinous procdss Aegisthidae, all Harpacticoida with a more ple-
and the enp-3 of P2—P4 becomes slender in the dissa@dmorphic general morphology have an endopodal lobe
half, the step is strengthened by cuticular thickeningith setae, at least in the male.
(Figs. 4B and 5). The two proximal endopod segments
of P2—P3 of rometid species are as wide as long, withdDhars 30to 32 (male antennule): The groundpattern of
apparent elongation. Some aegisthid species have el@iigoarthra is a 14-segmented male antennule. The
gate, slender legs. However, here the whole leg is slespecies of Calanoida and Misophrioida have many more
der, and there is no step in the distal half of the enpaBtennule segments. The antennule morphology of Pol-
strengthened by cuticular thickening as in Rometidagarthra needs to be reviewed (Willen 2000). The ground-
The distal outer edge of enp-2 of P2—P3 is produced irpattern of Aegisthidae is a 10-segmented male antennule
a spinous process in rometid species. These outer edgesugh the fusion of Oligoarthra segments 2 and 3, 10
are somewhat projecting in some species of Aegisthidasd 11, and 12 to 14. As species of Rometidae and some
e.g. inEucanuella spiniferaa relatively plesiomorphic species of Syngnatharthra (Neobradyidae, Chappuisi-
aegisthid. This character may therefore be an apomadae, Novocriniidae, Rotundiclipeidae, Tisboidea Steb-
phy for a group of species withikegisthoidea or a con- bing, 1910, and some advanced Podogennonta) also
vergence. Projecting outer edges of the endopod sedrow the fusion of segments 2 and 3, this is not a strong
ments evolved more than once in Harpacticoida, thusaracter. The fusion of segments 10 and 11 and of 12 to
this is not a very strong characteiowever, wherever in 14 also evolved convergently within Syngnatharthra, but
species of Aegisthidae the distal outer edge of enp-2dt as frequently as the fusion of segments 2 and 3. In
P2—P3 is projecting, it is also projecting on enp-1 ancontrast to Aegisthidae, species of Rometidae and the
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more plesiomorphic species of Syngnatharthra (Ne@axa of Oligoarthra, their diagnoses
bradyidae, Chappuisiidae, partly Ectinosomatidae, thghd autapomorphies
more plesiomorphic Podogennonta) have free segments

10 to 14 in the male antennule (W|“en 2000, Seifrieq'] the fo”owing, the diagnoses and autapomorphies of

2002). the discussed taxa are given. The autapomorphies are
) underlined. In addition, all subtaxa belonging to the dis-

Chars 33 34and36 (male P5): As in the male antennule cyssed taxa are listed. The reconstructed groundpatterns

the fusion of segments of the male P5 happened convgfe given and illustrated in Seifried (2002).
gently in Aegisthoidea and Syngnatharthra. Fusions oc-

curred even in the outgroups (e.g. Polyarthra). However, )
the species of Aegisthoidea have the coxa, basis and BAmetidae fam. nov.

dopod of the male P5 fused, whereas species of Calanfixa belonging to RometidaeRomete bulbisetgen.
da, Misophrioida and the more basal Syngnatharthgasp. nov.

(Neobradyidae, some Podogennonta, Chappuisiidae) ; : . P
have coxa, basis and endopod free (Seifried 2002) aﬁ?agnoss and autapomorphies of RometidagHg. 7

character set)2 Deep depressionsith reticular orna-
The male exopod P5 &fometespec. (see MethOds%]‘entation lateral in anterior half of cephalic shield (char.

and material) has 1-0, 0-1, 1-3-1 setae. Compared w : : :
. : » . 170-1). First pedigerous somite completely fused
all other Oligoarthra, there is one additional terming} | cephalic shield (char. 2:01). Enp-2 of antenna

0

seta on the distal segment of the exopod. It is probable - ] .
that this is the most plesiomorphic character state withfr%g]i%] spéni e('Ba(?:Egr?) Z?tie Cg)z 4[))ilsi§raslé\gn?;rp%r;t 3

Oligoarthra, as 3 distal setae are present in Calano.mandibular exopod extremely minythar. 12: 0. 1)
and Misophrioida, and that the reduction of this seta o¢c-~ ... P ey min o '
axilliped 3-segmented, with syncoxa, basis and 1-seg-

curred more than once. However, the possibility exis Sgnted endopod. enp-1 and enp-2 fugeldar. 21:

that one terminal seta of the male exp-3 P5 was regai . :

in Rometespec. (Seifried 2002). Species of Rometida %3 E\Ii\;?aflngﬁtresrpég?r?eorfoixepf-Z%Xgmrr.ozdsdce q

and Misophrioida have no outer seta on enp-2. This is a%_’ . ) P ) P

convergence. INto spinous proc_es(shar._ 26: 0- 1); enp-3 of P2—-P4
becomes slender in the distal half, the step strengthened

N W ithi et by cuticular thickeningchar. 27: 0- 1).
Char. 37 (caudal rami): Within Aegisthidae caudal ram .
that are longer than iRometeare plesiomorphic. The :VIaIe.rI]Exogg.dQF;S 3-23e%mented, with 1.0. 0333-1
caudal rami in species Bometeare 2 times longer than setae (char. 36:01 or 2 1).

wide (Fig. 1). The groundpattern of Aegisthidae is repre- . .
sented by caudal rami that are at least 5 times longer tﬁgﬁmarks on morphology of RometidaeSpecies of

wide. In females oEucanuella spiniferaa very ple- Rometldae_ have the autapomorphles_ of Aeglsthmdea
siomorphic aegisthid, the caudal rami are 3 times long@pd reductions of few setae of the swimming legs and
than wide. However, those of the males are much mdfPuthparts, but otherwise they match the groundpattern
elongate. The caudal rami in Aegisthidae are otherwi§ Oligoarthra, so that it is difficult to find real autapo-
elongate in both sexes (with the exceptioefviniella morphies for this taxon. _

langi Bodin, 1968 antParacerviniella denticulat®rod- However, Rometidae is characterized by the deep lat-
skaya, 1963, see below), sometimes extremely so, andq_gp.l depressions with _retlcglar ornamentation in thg ante-
ther slightly to markedly divergent or juxtaposed an#Or hglf of the cephalic shield (char. 1), the' reduction of
fused along the entire length. Comparing caudal rarfiie distal exopodal segment of the mandible to an ex-
with other characters such as the morphology of tHgemely minute segment (char. 12), the spinous process at
mouthparts, P2 and P3, it is obvious that the extrenffee distal inner corner of enp-2 P2—P3 (char. 26) and the
elongation of the caudal rami evolved within Aegisthicharacteristically slender distal end of enp-3 (char. 27; see
dae. The extremely elongate caudal rami are therefdpéscussion of characters). The maxilliped of rometid
not characteristic for all Aegisthida@erviniella langi  Species is also exceptional because it became 1-segment-
have caudal rami that are 3 times longer than wide. &gl before the two claws evolved (char. 21). In the ground-
these advanced species it is obvious why the caudal rapaitern the species of Aegisthidae have a 2-segmented
are secondarily shortened: specie€efviniellain gen- maxillipedal endopod without a claw, and all 7 endopodal
eral have a morphology adapted to burrowing. The sh@etae of the Oligoarthran groundpattern. In basal species
caudal rami are therefore advantage®asacerviniella of Syngnatharthra, one seta of the proximal endopod seg-
denticulatahas caudal rami that are not quite quadraticpent is transformed into a claw, the distal endopod seg-
but slightly elongate. These barely elongate caudal ramient is reduced in size (char. 21), and the 2-segmented
are interpreted as secondarily shortened. endopod is inwardly directed. In the further evolution a

Org. Divers. Evol. (2003) 3, 13-37



Basal phylogeny of Oligarthra 31

second seta is transformed to an additional claw (Seifriedrting of the rich material is still in progress, it is hoped
2002). Then, the endopod becomes 1-segmented. Atat females will soon be found to allow description.
vanced species of Ectinosomatidae and Neobradyidae

have a phyllopodial maxilliped with a 1-segmented endo

pod. Howeveyr some species of these taxa with a morRegisthidae Giesbrecht, 1892

plesiomorphic morphology show that the claws were lost

(Seifried 2002). In consequence they have only 4 setae fype genus:Aegisthussiesbrecht, 1891

the endopod, fewer than the rometid species. In summarype speciesAegisthus mucronatu@iesbrecht, 1891

the species of Rometidae are the only ones withifyys pelonging to Aegisthidae:Aegisthinae Gies-
Oligoarthra with 6 setae on a 1-segmented endopod.dpbcht’ 1892A&egisthusGiesbrecht, 1891Andromastax
the planktonic evolutionary line éfgisthidae, where the onroy-Dalton & Huys, 1999]amstecid_ee & Huys
mouthparts of the males are reduced, the basis is fusecgéﬂ)O'NudivoraxLee & Ii|uys ZOOOScabrantennaee’
the syncoxa and the endopod of the maxilliped has bg Hu;/s, 2000). ’

come 1-seg_mented as well. Howevaecies likAndro- Cerviniinae Sars, 190B(odskayaHuys, Mabjerg
mastax muricats always have reduced numbers of setag, | kristensen i997Cervinia Norma{n 1878:
on the 'protopod and endopod (dqwn to 4 setae). . _CerviniellaSmirnov, 1946Eucanuellal. Scott, 1900;

Besides these autapomorphies, the losses of sin bansicerviniaviontagna, 1981NeocerviniaHuys,

setae of the mandible, maxilla and pereiopods also chm— bjerg and Kristensen, 199ParacerviniellaBrod-

acterize Rometldr_:\e. Howe\_/er,_the same setae are Igﬁ ya, 1963Pseudocervini@rodskaya, 1963).
also in some species of Aegisthidae and Syngnatharthra"Cerviniopsinae” Brodskaya, 1963Cérviniopsis

Loss (_)f single setae in mouth_parts a_nd_perelopod_s ta asrs, 1909HemicerviniaLang, 1935Herdmaniopsis
place independently several times within Harpacticoi

and is therefore only a weak apomorphy to characteriZEOdSkaya’ 196Fontostratiotesrady, 1883Stratio-

a taxon (Seifried 2002). The discussion of single Iogtontote§oyer, 1970Tonpostratiotestd, 1982).

setae in the groundpattern of taxa is therefore omittig
C

here in most cases. Nevertheless, when setae are redut: nosis and autapomorphiesf Aeglsthldae(Flg. 75
only once or twice within Harpacticoida, they are valus aracter set)3Female Anal somite_elongate, tapering

able for phylogenetic analysis (see below). posteriorly(char. 3: 0-1). Caudal rami more thawice
Romete bulbisetaas a maxillule with 4 setae repre-aiI Ionlg as wr;de (char. 37:-01). Aélte?nule&%mnt

senting the epipodite of the coxa (Fig. 38pobradya &d-Oligoarthra segments 3 and 4 fugezpepod seg-

pectiniferaandAntarcticobradya tenuisave 3 setae. MeNts Ill-Vllland IX-XIV) (char. 5: 0-1). Antenna

All other described Oligoarthra have not more than With allobasis or incomplete baghar. 6: 0- 1); enp-2
setae (char. 13). laterally with 1 spine (lll) and 2 setae (2 + 4), spine |

The exopod P5 male &ometespec. has 1-0, 0-1, 1- lacking (char. 7: 0~ 1). Endopod of mandible of one
3-1 setae (char. 36). Compared with all other Oligoarthkrde seagment and at least 2 times longer than wide
there is one additional terminal seta on the distal seghar. 10: 0~ 1); proximal segment of exopad elongate,
ment of the exopod (see Discussion of characters). conS|dera_va longer than remaining segments and at

Basis and endopod of the maxillule are fuseiom- least 3 times longer than widgehar. 11: 0-1).
ete bulbisetdike in all species of Aegisthidae (char. 14Epipodite of maxillular coxa represented by 2 setae
Figs. 3C, 8A). InRRomete bulbisetthere are 4 setae on(char. 13: 0> 1); exopod of maxillule reduced in size
the distal outer side on a projection of the fused segmeWith 3 setagchar. 15: 0~ 1). Endopodal element 11 of
representing either the whole endopod or only the disgilobasis of maxilla developed asdar strong spin-
segment of it. In the former case there would be 10 se®fted on posterior surface (char. 18: ). P5 without
on the basis, 2 more than in all other Oligoarthra. It Badopodal lobéchar. 28: 0-1); exopod more than
more likely that this projection with 4 setae representwice as long as widghar. 29: 0- 1).
only the distal segment of the endopod. The species ofMale. Antennule 10-segmented through fusion of
Polyarthra, the sistgroup of Oligoarthra, still have a 2- Oligoarthra segments 2 and 3 (as in all Aegisthoidea), 10
segmented endopod. and 1 (char. 31: 0> 1), and 12 to 14char. 32: 0- 1).

The above reveals that the new species is most closBfy without endopodal lol{ehar. 35: 0- 1).
related toAegisthidae. To includ®omete bulbisetm
Aegisthidae would have meant to expand the diagnosisRémarks on systematics of Aegisthidaéiegisthidae
Aegisthidae. Instead, a new taxon Rometidae is propos€&desbrecht, 1892 as characterised here includes the taxa
Another single male of a diérent species of Rometidaeof the former Aegisthidae (now Aegisthinae) and of
was found in the deep sea of thegola Basin Romete Cerviniidae Sars, 1903, because the species of both taxa
spec., DIVA 1; see Methods and material; Fig. 6B). As thehare all autapomorphies (see below and Discussion of
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characters). Furthermore, Cerviniidae without Aegisthi- Species of Aegisthidae have no nauplius eye (Lang
nae is paraphyletic because species of Aegisthinae a8#4, 1948: 117-118). However, the nauplius eye is not
derived Cerviniidae (see below). Aegisthidae is the seenfirmed for species of Rometidae. Consequently, its
nior and therefore valid name (ICZN = Internationallack could be an autapomorphy for Aegisthidae or for
Commission on Zoological Nomenclature 1999: ArtAegisthoidea.

23.1 and 23.3). In consequence, Aegisthoidea Gies-At least 3 speciesCervinia brevipesBrodskaya,
brecht, 1892 is the senior synonym of Cervinioidea Sak963;C. langiMontagna, 1981Expansicervinia glace-
1903. (ICZN 1999: Art. 36.1). ria) have 2 aesthetascs on Oligoarthra segment 3 of the

Published references to “Cerviniinae Brodskaydemale antennule. The second aesthetasc is secondary.
1963” are incorrect. Following ICZN (1999: Art. 36.1),In Cerviniopsis muranothere are 2 more secondary
the correct name is Cerviniinae Sars, 1903 as Sa&esthetascs: one on segment 4 and one on the last seg-
(1903) erected Cerviniidae. ment. _ o _

Species of Aegisthinae are derived “Cerviniopsinae” Some species of Aegisthidae have an incomplete
(see below) and therefore “Cerviniopsinae” is pardasis of the antenna litratiopontotes mediterraneus
phyletic. However, until a phylogenetic analysis withiPr Pontostratiotes scottBrodskaya, 1959, but most
Aegisthidae has been accomplished at species level GPECies have an allobasis (char. 21).

species until now), Aegisthinae, Cerviniinae and The exopod of PS5 is elongate in most species of
“Cerviniopsinae” are maintained. Aegisthidae (char. 29), but not in all. Some have an ex-

tremely elongate exopod, some a square one. Only a

Remarks on morphology of AegisthidaeAegisthidae complete phylogenetic analysis of Aegisthidae will an-
is characterized by 15 autapomorphies. Six of the a wer the question of whether the ancestor of all Aegisthi-

tapomorphies are strong (chars 1, 10, 11, 15, 18, 3 e really had an elongate P5. The P5 of the outgroups

There is very good support for the hypothesis that thed yes no clear indication of polarisation.

genera of Aegisthinae (former Aegisthidae) belong toearjebxgo?l 2Eogphg?)rg ISo fﬁ;ﬁéﬂﬁﬂ%ﬁﬁ?ﬁﬂ Igr?teenr{—
monophyletic taxon with Cerviniinae and “Cerviniopsi- y pe, body ; oy L
a, labrum, mandible, maxillule, maxilla, maxilliped,

nae” (the_Iatter two groups formed former Cervini_idaej; exopod segmentation, P1 inner basal spine, P2—P4
The species show a unique form of the ar_1a| somite, andy »nal somite. Males either display only a small num-
the change of posterior seta 11 of the maxilla into a strik-

ingly large spine is visible in all species of Aegisthida er of the dimorphisms or most of them. The dimor-
The morphology ofAndromastax muricatusits the ebhlsm is pronounced especially in the nonfeeding

males like those ofAndromastax muricatusor

groundpattern of Aegisthidae and shows the Smki”ﬂegisthus mucronaty€onroy-Dalton & Huys 1999,

;pine (11) on the poste'rio'r side, if anteripr a'nd posteripruyS 1988a, Lee & Huys 2000). Different forms of di-
in the text of the description of the maxilla in Conroygrphism exist in different evolutionary lines within
Dalton & Huys (1999: p. 415, fig. 10B) are reversed. 'Aegisthidae.

Conroy-Dalton & Huys (1999) were correct the position

of several setae and the tube pore of the allobagis in

muricatus would be different from those in other pegisthoidea Giesbrecht, 1892

Harpacticoida (Huys & Boxshall 1991), and there would _ _ . o _

be an additional spine on the posterior surfacdaxa belonging to AegisthoideaAegisthidae Gies-
Aegisthus Andromastax, Jamstecia, Nudivoraand brecht, 1892; Rometidae fam. nov.
ScabrantenngAegisthinae) represent an advanced, mayiagnosis and autapomorphie®f Aegisthoidea(Fig.

be monophyletic group within Aegisthidae. Especially: character set 1llfemale Endopod of mandible with 1
the unique spinous processes of the cephalothorax amiheand 2 setae laterally (char. 9-@). Basis and en

the extremely elongate caudal rami show that speciesdufpod of maxillule fused, fused segment of characteris
these five genera are derived members of Aegisthidaet@srectangular shape, all setae at distal g&igs. 3C,
characterised here and belong to the same evolution&#;, char. 14: 0- 1). Endopodal armature of maxillar al-
line within “Cerviniopsinae” a$ontostratiotesThe lobasis consisting of displaced seta 10 between anterior
mandible is significantly reduced in species of these fivand posterior surface, an additional seta closely set to
genera, so that it is not possible to recognize whethers®ta 10, displaced seta (9) inserting near seta 10 but on
not they share the respective apomorphies with specesterior surfacéchar. 17: 0- 1), and seta (11) on poste-
of the former Cerviniidae (chars 10,)1The loss of rior surface.

setae and the elongation and fusion of segments in anMale.Antennule 13-segmented, fusion of Oligoarthra
tennule, antenna, maxillule and P5 even in the groungegments 2 and(@har. 30: 0 1). P5_basis not separat
pattern indicate the long-isolated evolution of the ancesd from coxgchar. 33: 0 1) nor from endopogchar.

tors of Aegisthidae. 34:0-1).
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Remarks on systematics and morphology of Syngnatharthra tax. nov.
éegisthg?dea: hanﬁ (194f%4istablished ;c]he ftaxo tymology: Derived from Greelsyn= together and
erviniidimorpha Lang, to unite the forme y- : N .
Cerviniidae Szfrs, 1903%1nd the former Aegisthidae Gied1athos= jaw, alluding to the two fused proximal en-
brecht, 1892. Bowman &bele (1982) changed Lang'’s ites of the maxillar syncoxa. Pronunciation: Syn-gnath-
“superfamily”-endings “-idimorpha” to “superfamily”- arthra.
endings “-oidea” (see ICZN 199%urt. 29.2) and intro-
ducedg Cervinioiéea Sars, 1903. As de)scribed belolf*xa belonging to Syngnatharthra:Adenopleurellidae
Cerviniidae is synonymized with Aegisthidae and ifiuys; 1999: Ameiridae Monard, .1927; Ancorabolidae
consequence Aegisthoidea is the synonym of Cervifars, 1909; Argestidae Por, 1986; B'alaenophllldae Sars,
loidea. Rometidae shows several synapomorphies witf10; Canf:rlncollda_\e__Flers, 1990; Canthc.)campthlae
ety andbelong gt as he ser-p 5 100 CTE0USIIE IR, o 1ams,
taxon ofAegisthidae. : , ; , ;
There are clear morphological indications tRam-  Clytemnestridae A. Scott, 1909; Cristacoxidae Huys,
ete bulbisetdrom the Great Meteor Seamount and990; Dactylopusiidae Lang, 1936; Darcythompsoni-
Romete spedrom the Angola Basin represent the sisidae Lang, 1936; Ectinosomatidae Sars, 1903; Euter-
tergroup of the Aegisthidae within a monophyletiginidae Brian, 1921; Harpacticidae Sars, 1904; Hunte-
Aegisthoidea (see also Discussion of characters).iranniidae Por, 1986; Laophontidae T. Scott, 1905;
these taxa the basis and endopod of maxillule are fudexbphontopsidae Huys & Willems, 1989; Latiremidae
(Figs. 3C, 8A). The fused segment has a characterisBozic, 1969; Leptastacidae Lang, 1948; Leptopontiidae
rectangular shape and all setae arise from the distaing, 1948; Louriniidae Monard, 1927; Metidae Sars,
edge (char14). There is no other harpacticoid with &910; Miraciidae Dana, 1846; Neobradyidae Olofsson,
maxillule fused in this wayThe endopod of the 1917; Normanellidae Lang, 1944; Novocriniidae Huys
mandible is 1-segmented, and one lateral seta is-trags|liffe, 1998; Orthopsyllidae Huys, 1990; Parame-
formed into a lage spine (Fig. 3B; char. 9). No de-sochridae Lang, 1944; Parastenheliidae Lang, 1944;
scription of any oligoarthran species outside obarastenocarididae Chappuis, 1933; Peltidiidae Sars,
Aegisthoidea shows 2 setae and 1 spine laterally on #%04; Phyllognathopodidae Gurney, 1932; Porcellidi-
mandibular endopod’he apomorphic endopodal setajgae Sars, 1904; Pseudotachidiidae Lang, 1936; Rhi-
lion of the allobasis of maxilla is also characteristic fojgthricidae Por, 1986; Rhynchothalestridae Lang, 1948;
Aegisthoidea (chars 17, 18Jhe allobasis has asgotndiclipeidae Huys, 1988; Styracothoracidae Huys,
groundpattern character a displaced endopodal seta1493. superornatiremidae Huys, 1996; Tachidiidae Sars,
Inserted between anterior and posterior surface;a digng; Tegastidae Sars, 1904; Tetragonicipitidae Lang,
placed seta 9 inserted near seta 10 but on the anteqgy 4. Thalestridae Sars, 1905; Thompsonulidae Lang,
surface, an additional seta very close to endopodal s¢i 4. Tispidae Stebbing, 1910; taxa incerta et incertae
10, and a posterior seta 11. The parallel setae betwg Ris: Ismardiidae Leigh-Sharpe, 19%ctylopina
anterior and posterior surface (10 and one additio ady 1910Flavia Brady 1899'G’offine|IaWiIson
seta) are very characteristic and with careful examin '32'I’smardi,sLeigh-Sharp’e 193%MawsoneIIaBrady,

tion could be seen in most aegisthid species and ! e
two analysed rometid specid®pmete bulbisetand 18;Pyrocletode<oull, 1973;Tisemusvionard, 1928.

Rometespec.. The displacement of seta 10 is also an . _

autapomorphy of Aegisthoidea. The rometid speciéagnosis and_autapomorphie®f Syngnatharthra

lost seta 9, and speciesAfgisthidae show the poste-tax. nov.(Fig. 7: character se)4-emale Prosome con-

rior seta 1 developed as a strikingly large spine. Igisting of cephalothorax and 3 free pedigerous somites,

both taxa the caudal rami are at least two times longéist pedigerous somite completely fused to dorsal

than wide. cephalic shieldchar. 2: 0~ 1). Epipodite of maxillular
Besides the few autapomorphies of Rometidae &lbxa_represented by 3 sefabar. 13: 0> 1). Syncoxa of

characters oRomete bulbisetandRometespec. are maxilla with (5 + 3) 3, 3 setae. the two proximal endites

more plesiomorphic compared with those of specidgsed(char. 16: 0- 1). Coxa of maxilliped with incorpo-

of Aegisthidae which are very advanced and speciakted endites represented from proximal to distal by I,

ized. I+2, I+1 spines and setae, seta 16 of proximal endite lost
Aegisthidae and Rometidae combined tdchar. 19: 0> 1); maxilliped_with joint with high degree

Aegisthoidea (77 species) are the sigteup of all re- of inward flexibility between basis and endofetar.

maining Oligoarthra, which can be united in a nev0: 0- 1); enp-1 with 2 setae (6 + 7) and 1 thin claw

monophyletic taxon being characterized by the autapfV): the claw displaced to posterior side of distal end of
morphies described below enp-1(char. 22: 0 1); enp-2 reduced in siZehar. 21:
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0 - 1) with 2 small outer setae (1 + 2) and 2 geniculatgdenteddue to_fusion of enp-1 and enpe&hdopod with
distal setae (3 + 4xhar. 23: 0» 1). Proximal segment 3 proximal lateral setae (from enp-1) and 3 + 2 + 2 apical

of exopod P1 without inner sefehar. 24: 0 1). setae, each group of apical setae basally f(M&itken
Male.With 1 spermatophor@har. 4: 0> 1). 2000); exopod 4-segmentdde to_fusion of two proxi

mal segments of Polyarthravith 2, 1, 1, 2 setae
Remarks on morphology of Syngnatharthra:The Epipodite of maxillular coxa represented by 4 sptae
monophyletic group Syngnatharthra is characterizdihsis_without outer seteandopod 1-segmented with 6
above all by the fused proximal endites of the maxillsgetag exopod with 4 setadaxilla with syncoxa with 4
syncoxa (Fig. 8B; char. 16) and by the lack of the inn@ndites with 53, 3, 3 setae; allobasis bearing 1 tube pore
seta of exp-1 P1 (char. 24). In most Syngnatharthra a @ anterior surfae. Maxilliped syncoxa without prae
pression still marks the fusion zone of the maxillar ercoxal setand with incorporated coxal endites represent-
dites (Fig. 8B; see discussion of char. 16). In some tagd from proximal to distal by I+1, [+2, [+1 spines and
the proximal endite is reduced to one small endite wietagebasis with 1 seta and 1 spie®dopod with 3, 11+2
no depression and less than 6 setae. According to @etae and spineB1-P4: coxae without inner spéap-3
phylogenetic hypothesis, this small endite is the result 6f P1 and P2 with 2 inner setdermula of armature:

the fusion of the two proximal endites and subsequent coxa basis exopod endopod

reduction in number of setae and size, and not due to ff¢ 0-0 Il I-1; 1-1; 1-1+1-2 0-1; 0-1;1-2-2
loss of one endite of the oligoarthran groundpattern. TH2 00 1-0 I-1; 1-1; 1-1+1-2 0-1; 0-2; 1-2-2
inner seta of exp-1 P1 is the only seta that is lost onR3 00 -0 I-1; 1-1; 1-1+1-3  0-1; 0-2; I-2-3
once in the evolution of all oligoarthran taxa. All otheP4 0-0 -0 I-1; I-1; 111-1+1-3  0-1; 0-2; I-2-2

setae are lost more than once. Every single species oP5 basis and endopod fused to baseoendopod
Polyarthra and Aegisthoidea has this seta, and no speciedlale. Antennule_haplocer with 14 segmendsma
of Syngnatharthra has it. The loss of the inner seta e formula: 1, 1, 12 + aes, 8 + aes, 2. 6 + aes, 2, 2,4/ 3,
exp-1 P1 is an additional autapomorphy that supports 2. 2, 6 + acrothek, characteristic arrangement and
the monophyly of Syngnatharthra. The existence of onghape of setae, aesthetasc on segment 6 fused at base
one spermatophore at a time is also characteristic fith 1 seta, segments 1 and 2 with 1 seta €@éten
Syngnatharthra (char. 4). Onjannopus palustriand 2000); segments of Copepoda: 1-1, 21, 3-(I1I-VII), 4-
some (but not all) Harpacticidae produce 2 speflX—Xll), 5-XllI, 6-(XIV=XVI), 7-XVII, 8-XVIII, 9-
matophores simultaneously (see discussion of char. £IX—XX), 10-(XXI-XXIl), 11-XXIII, 12-XXIV, 13-
this is interpreted as a secondary development. XV, 14-(XXVI=XXVIII).

Syngnatharthra and Aegisthoidea together constitute

Oligoarthra, which is characterized by the following autRemarks on morphology of Oligoarthra: The mor-
apomorphies. phology and monophyly of Oligoarthra is discussed in

detail in Seifried (2002).

Oligoarthra Lang, 1944

Taxa belonging to Oligoarthra: Aegisthoidea

Giesbrecht, 1892; Syngnatharthra tax. nov. Reduction characters are generally based on few muta-
Diagnosis and autapomorphie®f Oligoarthra: Fe- tions. Reductions can occur multiple times convergently,
male With 1 egg-saogenital double somite with 1 cop and at present there are no adequate means to detect
ulatory poreAntennule 9-segmented; armature formulathem. Because of the ongoing oligomerization within
1,13,10.6 +aes. 3.4, 2, 2, 6 + acrothek, characterisBopepoda and Harpacticoida (Huys & Boxshall 1991,
arrangement and shape of setae, antennule paedon8#ifried 2002), the complexity of copepod morphology
phic (Willen 2000); segments of Copepoda: 1-1, 2tends to decrease, in contrast to the overall evolution of
1=V, 3-(IX=X1V), 4-(XV=XVIII), 5-(XIX-XX), 6- life. As a consequence of this trend, most characters that
(XXI=XXII), 7-XXIV, 8-XXV, 9-(XXVI-XXVIII). are given for a phylogenetic analysis are reduction char-
Antenna with 2-segmented endopigk to the fusion of acters. These characters are generally based on few mu-
2 distal endopod segments of Polyarttelap-1 with 1 tations and are therefore not very strong apomorphies.
seta enp-2_with 4 subterminal setamibterminal seta- However, the oligomerization, i.e. the reduction of char-
tion of enp-2 consisting of 1 short proximal spine (1), Acters, cannot be ignored in the evolution of Harpacti-
longer distal spine (111), 1 distal geniculate seta éid coida. Our list of characters therefore also contains re-
1 bare slender seta (2) inserted between spine | and spginetions of segments and setae.

11, seta 5 of Polyarthra lackin@xopod 4-segmented, The monophyly of Oligoarthra is an hypothesis well
armature formula: 2, 1, 1, andible endopod 1-seg supported by many autapomorphies (Dahms 1990,

Discussion
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MartinezArbizu & Moura 1998, Willen 2000, Seifried taxon containing Aegisthidae, Rometidae, Rotundi-
2002). On the other hand, Huys et al. (1996: 32) statgipeidae, and Styracothoracidae. Rotundiclipeidae and
“The Oligoarthra, however, are polyphyletic and th&tyracothoracidae are part of the Syngnatharthra on the
term has no strict taxonomic significance but, at the mbasis of the autapomorphies of Syngnatharthra (Fig. 7:
ment, is the only one available to cover the remainincharacter set:4har. 2, 4, 13, 16, 19, 20, 21, 22, 23, and
families.” The authors give no evidence in support 024) (Seifried 2002).
this assertion. It remains unclear which other taxon of
Copepoda could be related to subtaxa of Oligoarthra,
which apomorphies are sharéa. recognized by Lang
(1948), Oligoarthra is a monophyletic taxon and the préa the case that Oligoarthra and Polyarthra are sistertaxa,
sent analysis supports this. the evolution within Harpacticoida begins with a signifi-
Lang (1944) united former Cerviniidae, formercant change in morphology, which is accompanied by
Aegisthidae, Chappuisiidae, Phyllognathopodidae; Nemany reductions of setae and segments. Oligoarthra is
bradyidae, and Darcythompsoniidae in the taxon “Maxharacterized by many autapomorphies in relation to its
illipedasphalea” on the basis of plesiomorphies (Seifriesistertaxon Polyarthra.
2002). As discussed above, Cerviniidae is assigned toThe ancestor of all Oligoarthra, and may be of all
Aegisthidae. Chappuisiidae, Phyllognathopodidae; Neblarpacticoida, was a fusiform crustacean living in or on
bradyidae and Darcythompsoniidae can be united withe sediment, and not a large, hyperbenthic animal like
all Oligoarthra except Aegisthoidea as Syngnatharththe members of Aegisthidae. This is the most parsimo-
on the basis of the discussed autapomorphies (Seifrigidus conclusion to be drawn from the morphology and
2002) (Fig. 7._character set 4Maxillipedasphalea” is life style of Polyarthra, Rometidae and the more ple-
polyphyletic and therefore not maintained here. siomorphic Syngnatharthra (Seifried 2002). Calanoida
Huys (1988b) added Rotundiclipeidae to Aegisthcare large, planktic copepods with the typical body form
idea (synonym Cervinioidea). He characterised a taxand morphology. However, Calanoida is a relatively ple-
containing Aegisthidae (Aegisthinae, Cerviniinae angiomorphic copepod taxon and not the sistergroup of the
“Cerviniopsinae”) and Rotundiclipeidae on the basis atlatively advanced Oligoarthra. Species of Misophrioi-
4 characters: “(1) loss of endopodite P5, (2) antennula&a, a taxon that is more closely related with Oligoarthra
segmented in female; 10-segmented in male (with 4 a¢isan Calanoida, are mainly hyperbenthic copepods; only
thetascs), (3) maxillula with reduced exopodite, (4) rosome are planktic or live in anchialine caves. They are
trum fused with cephalosoma.” According to Huysnot fusiform, but instead have a wide prosome and a
(1993), character (2) cannot be regarded as an autaplender urosome. However, members of Polyarthra, the
morphy, because the fusion patterns of the female antgmetential sistergroup of Oligoarthra, are large (>1 mm),
nule of former Cerviniidae and Rotundiclipeidae are ndusiform, and epibenthic animaRomete bulbisetand
the same, and 4 aesthetascs in the male antennule aRometespec. help to understand what the ancestor of
plesiomorphic featureThe exopod of the maxillule is Oligoarthra may have looked like, because the whole
present inegisthidae (and Rometidae). Indeed, the emnorphology of these species is more plesiomorphic than
dopod is fused to the basis (char. 14). Consequentllgat of Aegisthidae. The known Rometidae are fusiform
character (3) of Huys (1988b) cannot be used to uniémd smaller (360—640 pm) than the species of Aegisthi-
Rotundiclipeidae and the taxaAégisthoidea. Charac- dae (>1 mm). The fusiform body is conducive to a bur-
ters (1) and (4) apply to many taxa of Syngnatharthrenwing or epibenthic life style (Fig. 6B). The more ple-
They are not unique, nor is the combination of thesesbomorphic Syngnatharthra, such as Neobradyidae
unspecific characters particular in any wMoreover, (Seifried 2002), are small (<1 mm), fusiform, and benth-
the shape of P5 and the rostrunfetifin detail. The P5 ic, too. The more plesiomorphic Aegisthidae with a near-
of Rotundiclipeidae, for example, is completely reducely fusiform habitus, e.g. the benthiEucanuella
to two (exopodal?) setae. Neither an endopod nor-an epiniferg appear to have an in- or epibenthic life style as
opod are visible. In Aegisthidae the exopod is still prewell. The more advanced species of Aegisthidae are al-
sent and has many setae. Huys (1993) placed the Styways longer than 1 mm and not fusiform. They show a
cothoracidae in the Aegisthoidea (synonym Cervirclear distinction between prosome and urosome, have
ioidea) on the basis of the above-mentioned charactetsngate mouthparts and swimming legs. There is an
(2), (3) and (4) and “the reduction in setation (3 setae) ewolutionary trend within Aegisthidae to very large body
lateral magin of the second antennary endopod.” Mangize (>1.5 mm) and a life in the hyperbenthic zones of
Oligoarthra have 3 setae on the lateral margin of the dibe deep sea, the habitat of most Misophrioida. The very
tal antennary endopod@he setae have to be homolo-derived Aegisthidae have secondarily adapted to a life in
gised to verify the apomorphy for the different speciethe plankton and are found in all oceans. In summary, it
(char. 7). No autapomorphy supports the monophyly ofcan be said that in the ancestral line towards Oligoarthra,

I%r(potheses about evolution
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or may be all Harpacticoida, the life style of the animaBowman, T. E. & Abele, L. G. (1982): Classification of the re-
changed from a planktic or hyperbenthic to a benthic cent Crustacea. Pp. 1-27 in: Bliss, D. E. (ed.) The Biology
one, and that the habitus changed from a body with aof Crustacea, Vol.1. Academic Press, New York. o
wide prosome and a slender urosome to a fusiforfyPnroy-Dalton, S. & Huys, R. (1999): New genus of Aegisthi-
shape. Lang (1948) and Becker (1972) also assumed th#2e (Copepoda: Harpacticoida) from hydrothermal vents on

lesiomorphic condition within Harpacticoida to be_ "€ Galapagos Rift. J. Crust. Biol. 19: 408-431. -
!‘Ousiform bﬂt had no phylogenetic supﬁ)oort for this asse )ahms, H. U. (1990): Naupliar development of Harpacticoida
’ (Crustacea, Copepoda) and its significance for phylogenetic

tion._ . . systematics. Microfauna Mar. 6: 169-272.

tis highly probablg that the ancestor of Ollgoarthrﬁegnig, W. (1950): Grundziige einer Theorie der phylo-
lived in the lower sublittoral (at depths >50 m), may be genetischen Systematik. Deutscher Zentralverlag, Berlin.
even in the deep sea. Polyarthra as the potential sistgénnig, w. (1966): Phylogenetic Systematics. 263 pp., Uni-
group of Oligoarthra contain some deep-sea species, bujersity of lllinois Press, Urbana.

they live mainly in the littoral. On the other hand, alHennig, W. (1982): Phylogenetische Systematik. 246 pp., Ver-
species of the plesiomorphic taxa of Oligoarthra live in lag Paul Parey, Berlin.

the lower sublittoral or even in the deep sea. AHosfeld, B. (1997): Beitrage der vergleichenden Anatomie zur
Aegisthoidea and the more basal SyngnatharthraStammesgeschichtsforschung der Harpacticoida (Crus-
(Seifried 2002) live in the deep sea and rarely occur ontacea, Copepoda). 270 pp., unpubl. doctoral thesis, Univ.
the continental shelf, never above 50 m depth. If we as-Oldenburg, Germany. o o

sume that the lower continental shelf and the deep dd4/s: R. (1988a): Sexual dimorphism in aegisthid cephalo-
are no refuge, it is highly probable that the ancestor Ofps)?a:?slgl a;%?”g;%i%é_cgfjpfgg* Harpacticoida): a reap-
Oligoarthra lived in this zone. Within the more derive : LT T R ST e

Syngnatharthra the littoral was colonized several times.>" R. (1988b): Rotundiclipeidae fam. nov. (Copepoda,

? . - . 'Harpacticoida) from an anchihaline cave on Tenerife, Ca-
with some lines returning to the sublittoral and the deepnary Islands. Stygologia 4: 42—63.

sea. Within Aegisthoidea a very large body size andifyys”R. (1990): Amsterdam Expeditions to the West Indian
hyperbenthic life style has evolved secondarily, and the|sjands, Report 64. A new family of harpacticoid copepods
nauplius eye was lost. The more advanced Aegisthidaeand an analysis of the phylogenetic relationships within the
have adapted to a life in the plankton. Laophontoidea T. Scott. Bijdr. Dierk. 60: 79—120.

Huys, R. (1993): Styracothoracidae (Copepoda: Harpacticoi-

da), a new family from the Philippine deep sea. J. Crust.
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