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New benthopelagic bradfordian calanoids (Crustacea:
Copepoda) from the Pacific Ocean with comments on
generic relationships
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ABSTRACT: Three new bradfordian genera, and Rythabis heptneri sp.n. and R. schulzi sp.n. are
described. Brodskius gen.n. has a narrow mandibular gnathobase with 2 distinct incisions separating
groups of teeth, maxilla 1 with 1 long, thick and heavily setulated seta on proximal basal endite and 2
such setae on distal basal endite plus endopod, and setae on the distal basal endite of maxilla 1
inseparable from those of endopod. The new genus includes species formerly known as Amallothrix
robustipes Grice, Hulsemann, 1965 and Xanthocalanus paululus Park, 1970, and B. benthopelagicus
sp.n. and B. confusus sp.n., the latter proposed for the paratypes of Xanthocalanus paraincertus Grice,
Hulsemann, 1965 which are not conspecific with the holotype. An unnamed male of Brodskius is also
described. Xanthocalanus hispidus Grice, Hulsemann, 1967 is not a synonym of B. paululus.

Byrathis gen.n., has the proximal 2 terminal setae on praecoxal endite of maxilla 1 curved
proximally, and includes Xanthocalanus macrocephalon Grice, Hulsemann, 1970, B. volcani sp.n.,
and B. laurenae sp.n.; a poorly-preserved, unnamed female of Byrathis also is described. Omorius
gen.n. with the 3™ and 4" setae on the praecoxal endite of maxilla 1 thin and slightly curved is
established for Omorius atypicus sp.n. Indistinctly separated groups of setae of the praecoxal
endites of the maxilliped is a synapomorphy of Rythabis.

Evolutionary relationships of the new genera to several known bradfordian genera are inferred
from an initial loss of one or two setae on the distal praccoxal endite of the maxilliped followed by
transformations of sclerotized setae on all praecoxal endites of the maxilliped, and the loss of
setae and arthrodial membranes to the exopod of antenna 2. Different pelagic or benthopelagic
ancestors to the genera comprising both Phaennidae and Scolecitrichidae suggest these pelagic
families are not their own closest relatives. Adaptation to detritivory appears to have resulted in
the significant morphological variability of bradfordian calanoid copepods.
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PE3IOME: Onucansl Tpu HOBBIX poja «OpaadopmoBckux» cemeiicts Calanoida u HOBBIE
BUABL: Rythabis heptneri sp.n. n R. schulzi sp.n. OTIHYNTENBHBIMU YepTaMu pona Brodskius
gen.n. SBJISIOTCS CTPOSHHE MaHAMOYJIBI M MaKCHJUIBI TEpPBOH. Y3Kas rHaTo0a3a MaHANOYJIbI
HMeeT 2 OTYETJIMBBIC BBIPE3KH, pa3Zelifiollue TPYNIbl 3yOIoB, a MakCWiUla mepBas —
MPOKCUMAJIbHBIN Oa3aIbHBINA SHANT ¢ | JUTMHHOM, TOJICTOH HIETHHKOM, TYCTO YCaKEHHON MEJIKUMHU
MIMIMKAaMHU, U JIBE TAKUE XK€ MIETHHKU Ha AUCTAIBHOM 0a3aIbHOM SH/INUTE CIIMTOM C SHIOTIOAUTOM.
W3-3a cnusiHUS AMCTAIBbHOrO 0A3albHOTO SHJIUTA C JHAONOAMTOM HE YJAETCS MPOCIEeIUTh
MPUHAIIICKHOCTH BOOPY’KAIOLIHUX UX IIETHHOK K TOMY HJIM HHOMY WIeHUKY. HOBBII poJt BKIItOUaeT
panee u3BecTHbIe BUibl Amallothrix robustipes Grice, Hulsemann, 1965, Xanthocalanus paulu-
lus Park, 1970 n noBble BuABI B. benthopelagicus sp.n. n B. confusus sp.n. [locnenuuii Bua
OCHOBaH Ui mapaTunoB Xanthocalanus paraincertus Grice, Hulsemann, 1965, koTopsie He
WJIGHTHYHEI ero rojoTtuiry. OmicaH, HO He OTHECEH [I0Ka HU K OJIHOMY M3 BUJIOB pona Brodskius,
camerr 3Toro pona. Xanthocalanus hispidis Grice, Hulsemann, 1967 He SBIsieTCSI CHHOHUMOM B.
paululus.

st pona Byrathis gen.n. XxapakTepHbl 2 TepMUHAIbHbIEC MIETUHKH MTPEKOKCAIBHOTO SHANTA
MaKCHJUTBI TIEPBOH, M30THYTHIE IPOKCUMaIbHO. Pox Bkitouaet Xanthocalanus macrocephalon
Grice, Hulsemann, 1970, B. volcani spn. u B. laurenae sp.n., a Takke OINUCAHHYIO, HO HE
OTHECEHHYIO HU K OJHOMY M3 BWJIOB poja camKy. HoBblil pox Omorius gen.n. oTnndaercs
TOHKHMH, CJIETKAa W30THYTBIMH TPEThEH M YETBEPTOH MICTHHKAMH HPEKOKCAIBHOTO SHAWTA
MaKCHJITBI IEPBOM M OCHOBAH JJist BUAa Omorius atypicus sp.n. HesicHoe pasjenenne meTnHOK
NPEKOKCAJBbHBIX JIONAcTel CHHKOKCH MaKCHJUIMIIEJBl Ha TPYIIBI HpejJiaraercs Kak
cuHanomopdust st pona Rythabis.

OOcyx)aroTcs 9BOJIIOIMOHHBIE CBS3HM HOBBIX POJIOB C HEKOTOPBIMH M3BECTHBIMH POJIAMH
«OpaadopnoBCKUX» ceMeHCcTB. B KadecTBe OTIpaBHBIX TOYEK SBOJIIOIMOHHOTO Mpoliecca
Mpe/JIararoTCs:

— yTpaTa OJHOHM WM JBYX WIETHHOK Ha JHCTAJIBHOM ITPEKOKCAJbHOM IHJUTE CHHKOKCHI
MaKCHJUIMIIE/IBI M TOCIEAyIoINe MpeoOpa3oBaHue CKICPOTH3MPOBAHHBIX IETHHOK Ha BCEX
MPEKOKCATIBHBIX SHIUTAX MaKCHIUTUIIE B,

— yTpaTa MIETHHOK U MEKCETMEHTHBIX I1€PEropo/I0K 9K30I0INTa AaHTEHHBI BTOPOH.

OTnuyHbIe IpYyT OT JApyra HNpeiKH PoJjoB, COCTABIIONMX HbIHE cemelicTBa Phaennidae u
Scolecitrichidae, memarnueckue (Myiu OCHTOMEIAarM4ecKkue), MO3BOJISIIOT BBICKA3aTh
MIPEAIIOI0KEHUE O TOM, UTO 3TH MEJIarnYeCKUe CEMEHCTBA HE SIBIISIOTCS OJIM3KOPOACTBEHHBIMH.
Ananranus K aeTpurodaruu, BEpOSTHO, IPUBENA K 3HAYHUTEIBHOMY MOP(}OJIIOTHYECKOMY
pasHooOpaszuio B rpyime «0p3adopaoBCKuxX» ceMeHCTB KaJlaHOMI.

KJIFOUEBBIE CJIOBA: «6paadoprosckue» Copepoda, HOBbIE BHJIbI, CEHCOPHBIE IIETHHKH,
SBOJIFOLIUOHHBIE B3aMOOTHOILICHHUS.

Introduction the number of calanoid copepods known to
science (Bradford-Grieve, 2001; Ferrari,

Over the last 15 years, studies of a rather Markhaseva, 2000a, b, c; Ohtsuka et al., 2002,
modest number of samples from water immedi-  2003; Schulz, 1996, 1998; Schulz, Kwasniews-
ately above the deep-sea floor has increased Ky, 2004; Schulz, Markhaseva, 2000). The mor-
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phology of these new animals often is quite
different from previously described calanoids,
and several new genera have been proposed
(Ferrari, Markhaseva, 1996; Ferrari, Markhase-
va, 2000a; Markhaseva, Dahms, 2004;
Markhaseva, Schnack-Schiel, 2003; Schulz,
1996; Schulz, Beckmann, 1995; Vyshkvartzeva,
1989b). Among the families affected by the new
discoveries are the bradfordian families (Sco-
lecitrichidae Giesbrecht, 1892, Diaixidae Sars,
1902, Phaennidae Sars, 1902, Tharybidae Sars,
1902, and Parkiidae Ferrari, Markhaseva, 1996)
which share two kinds of poorly-sclerotized,
chemosensory setae toward the tip of maxilla 2.
Studies of the anatomy of these chemosensory
setae led Nishida and Ohtsuka (1997) to pro-
pose that the setae function to scan chemicals
from particulate matter in the immediate vicin-
ity of the copepods. This function suggests that
the success of bradfordian calanoids has been a
response to an adaptation to detritivory, in some
cases driven by the exploitation of an accumu-
lation of suspended particles in waters directly
over the sea bed. The morphological diversity
of these chemosensory setae among bradford-
ian calanoids suggests a heterogeneous envi-
ronment of suspended particles with many ex-
ploitable niches. Adaptation to detritivory, then,
appears to have driven the morphological vari-
ability among these calanoids in a way similar
to the adaptation to herbivory or to carnivory
among calanoids in shallower habitats of the
oceans.

In this paper seven new species in three new
genera of calanoid copepods are described, four
known species are redescribed, and two speci-
mens are described but not named. All species
have segmentation and setation of the swim-
ming legs 14 typical of the superfamily Clau-
socalanoidea, and they share chemosensory se-
tae on the distal basal endite and ramus of
maxilla 2 with the bradfordian genera. A hy-
pothesis concerning the relationships of these
new genera to the known genera of the bradfor-
dian families is proposed based on the number
and morphology of the setae on the praecoxal
endites of the maxilliped, and the segmentation
and setation of the exopod of antenna 2.
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Methods and Terminology

Specimens were collected from three sites:
Volcano 7 (13°23° N; 102° 27 W: dive 2146,
DS, N4 and N&; and dive 2147, D9, N4) in the
eastern tropical Pacific Ocean using the sub-
mersible ALVIN sampling 1-5 m above sea-
floor depths of 2945-3100 m on November
1988, fixed at depth of capture with glutaralde-
hyde (see Ferrari, Markhaseva (1996) for fur-
ther details); near Kona, Hawaii (19°43°’N
156°04W) in July 6, 1997, from seawater flow-
ing from a flexible plastic pipe, intake diameter
of 1 m at depth of about 600 m and about 30 m
from the bottom, maintained by Natural Energy
Laboratory of Hawaii Authority, fixed at sur-
face with formaldehyde (see Ferrari, Markhase-
va (2000b) for further details); around hydro-
thermal vents along the East Pacific Rise (09°
50’ N 104° 17°W) collected by pumps, intake
diameter 2.5 cm, 1 m or 20 m or 175 m above
sea-floor depths of about 2,500 m in May 2000,
fixed at surface with formaldehyde and retrieved
by the submersible ALVIN, dive 3561 (see
Mullineaux et al. (2005) for further details).

In the laboratory, specimens from all local-
ities were preserved in 0.5 % propylene phe-
noxytol/4.5 % propylene glycol/95.0 % de-ion-
ized freshwater. During examination, specimens
were cleared in steps through 50% lactic acid/
50% de-ionized freshwater to 100% lactic acid,
stained by adding a solution of chlorazol black
E dissolved in 70% ethanol/30% deionized
freshwater, and examined with bright-field and
with differential interference optics. Drawings
were made with a camera lucida. Dissected and
undissected specimens are preserved in 70%
ethanol/30% de-ionized freshwater. Specimens
are deposited in National Museum of Natural
History, Smithsonian Institution, Washington,
D.C. (USNM).

The body of adult calanoid copepods is
described here as a cephalosome (five cephalic
and anterior thoracic somites fused), five pedi-
gers (Pg) (the first may be fused to the cephalo-
some; the last two may be fused to one anoth-
er), and urosome (the posterior thoracic and 4
abdominal somites with the thoracic and anteri-
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or abdominal fused in females to form a genital
complex). Length of the copepod is measured
from the anterior edge of the cephalosome to the
posterior edge of the caudal ramus, and does not
include that part of the prosome which overlaps
the genital complex. Appendages are abbreviat-
ed Al = antenna 1; A2 = antenna 2; Mn =
mandible; Mx1 = maxilla 1; Mx2 = maxilla 2,
Mxp =maxilliped (anterior to posterior on ceph-
alosome); P1-5 = swimming legs 1-5 (on pedi-
gers); CR = caudal ramus. Designations of ap-
pendage segments follow Ferrari (1995) and
Ferrari, Markhaseva (2000b). The coxa of the
maxilliped of copepods has one endite with a
group of setae (Ferrari, Ivanenko 2001); the
remaining three proximal groups of setae on the
calanoid syncoxa belong to three praccoxal en-
dites. Articulating armament elements of ap-
pendages are termed setae regardless of their
location, morphology or degree of rigidity. Two
setae and one aesthetasc on a segment of anten-
na 1 are designated 2+1; “?” indicates that a seta
appears broken and only the scar at the location
of attachment was observed. Setules are epicu-
ticular extensions of a seta; denticles are epicu-
ticular extensions of an appendage segment;
spinules are epicuticular extensions of a somite.
Transformed setae toward the tip of maxilla 2
and on the syncoxa of the maxilliped (bradford-
ian setae) show quite a degree of morphological
variability (Bradford, 1973); they are divided
into two groups, worm-like setae (w) and brush-
like setae (b), conforming to the two kinds stud-
ied by Nishida and Ohtsuka (1997). Sclerotized
setae are designated as “sc”. Some setac on the
posterior cephalic and first thoracic appendages
of a few calanoid copepods tentatively have
been assigned a chemosensory function based
on transmission electron micrographs of internal
structure and, in some cases, on an opening on
the sclerotized tip of a seta (Friedman, Strickler,
1975, Paffenhofer, Loyd, 1999, Paffenhofer,
Loyd, 2000). However, the origin of such setae
on particular segment/s of these appendages has
not been specified, and comparative observa-
tions with the ultrastructure of setae on other
appendages have not been made. Here we con-
tinue to equate a well-sclerotized setal morphol-
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ogy with a mechanosensory function and a poor-
ly-sclerotized setal morphology with a chemosen-
sory function. Von Vaupel Klein’s organ (Ferra-
ri, Steinberg, 1993; Ferrari, 1995; Ferrari,
Markhaseva, 1996) on P1 consists of the medial
seta of the basis juxtaposed with sensilla, denti-
cles, and/or pores often on a knob of the anterior
face of the endopod.

Seifried (2003) has provided a nuanced ana-
lysis of how the concept of oligomerization
(Dogiel, 1954) may be applied to loss of ele-
ments in a group of serially homologous ele-
ments like segments of a ramus of a limb or setae
on a limb segment. The following discussion
accepts that oligomerization remains a reason-
able first approximation to the reduction in num-
ber of serially homologous structures such as
limb segments or their setae.

Holotypes and paratypes are deposited in
the National Museum of Natural History; Smith-
sonian Institution; Washington, D.C.

Taxonomy

Brodskius gen.n.

Diagnosis. Adult female with cephalosome sep-
arate or fused to Pgl, Pg4-5 separate. Rostrum 2
delicate filaments. Posterior corners of prosome
laterally as an indented lobe. A1 of 24 articulated
segments. A2 coxa and basis without setae. Mn
gnathobase elongate; narrow medially with a knob
on distal face; cutting edge narrow, with 2 distinct
incisions separating groups of teeth. Mx1 distal
basal endite fused to unsegmented Ri, setae of distal
basal endite inseparable from setae of endopod; 1
seta on proximal basal endite and 2 setae on distal
basal endite + Ri long and thick with long setules.
Mx2 proximal praecoxal endite with 4 sclerotized
setae; both coxal endites and proximal basal endite
with 1 thick seta, seta on basal endite thickest and
claw-like; 5 worm-like setac with well-developed
setules and 2 or 3 short brush-like setae on distal
basal endite + ramus. Mxp syncoxa without seta on
proximal praecoxal endite, 2 setae on middle prae-
coxal endite, 3 setae on distal praecoxal endite; all
praecoxal setae sclerotized; coxal endite with 3 set-
ae. P14 clausocalanoidean segmentation and seta-
tion. PS 3-segmented; distal segment, the exopod,
with 1 medial, 1 lateral and 1 subterminal seta, and
terminal unarticulated extension. Adult male simi-
lar to female except: posterior corners of prosome
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not indented; left A1 24-segmented, right Al 23
segmented; more and larger aesthetascs; gnatho-
base of Mn poorly-developed; Mx1 reduced in size
and setation; Mxp praecoxal endites of syncoxa
with 0, 2, 3 sclerotized setae smaller; Von Vaupel
Klein’s organ of P1 without basal seta and anterior
knob. P5 leg biramous, right Re 2-segmented, left
Re 3-segmented; both Ri 1-segmented, right small
and left one longer than Re.

Synapomorphies of Brodskius are: mandibular
gnathobase narrow, with 2 distinct incisions sepa-
rating groups of teeth; maxilla 1 with 1 long, thick
and heavily setulated seta on proximal basal endite
and 2 such setae on distal basal endite + Ri; setae of
distal basal endite inseparable from those of Ri.

Character states that distinguish species of Brod-
skius from most bradfordian genera are: absence of
an arthrodial membrane between basis and endopod
of maxilla 1 (shared with some species of Pseudo-
phaenna, Rythabis and some species of Diaixis); Ri
of maxilla 1 unsegmented (shared with some spe-
cies of Pseudophaenna, Rythabis and some species
of Diaixis); more than 4 worm-like sensory setae on
distal basal endite + ramus of maxilla 2 (shared with
Byrathis gen.n., here, Omorius gen.n., here, Neosco-
lecithrix, Rythabis and some species of Diaixis);
proximal syncoxal endite of maxilliped without a
seta (shared with Undinella and Pseudophaenna).

Etymology. The genus name Brodskius honors
copepodologist Konstantin Abramovich Brodsky for
his insightful contributions to the systematics of
calanoid copepods. Gender masculine.

Type species: Brodskius benthopelagicus sp.n.
Other species included in the genus: B. paululus
comb.n., B. robustipes comb.n. and B. confusus
comb.n.

Brodskius benthopelagicus sp.n.
Figs 1-5.

Specimens. Adult female holotype 1.02 mm
(USNM #1080961); prosome 0.86 mm, urosome 0.16
mm from eastern tropical Pacific Ocean 1—5 m above
Volcano 7, (dive 2146, D8, N8), 3022—3100 m.
Paratypes: 2 females (USNM #1080962), 0. 92 mm
(prosome 0.77 mm, urosome 0.15 mm) and 1.06 mm
(prosome 0.87 mm, urosome 0.19 mm); collection
data as for holotype.

Habitus. Total length 0.92—1.06 mm; prosome
4.6-5.4 times longer than urosome. Cephalosome
fused with Pgl; Pg4 and Pg5 separate (Fig. 1A-B,
D). Dorsally cephalosome rounded anteriorly (Fig.
1A); posterior corners of prosome produced lateral-
ly into short indented lobe (Fig. 1B). Genital com-
plex symmetrical, spermathecae elongate, distal part
directed anteriorly (Fig. 1D).

Rostrum (Fig. 1C, E): 2 short thin filaments.
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Al (Fig. 2A-B ): 24 articulated segments with
2, 6+1, 2+1, 2, 2+1, 2, 2+1, 4+1, 1, 1, 2+1, 1, 2+1,
1,2,1,2+1, 1,1, 1, 2,2, 2, 4+1 setae.

A2 (Fig. 2C-D): coxa without seta; basis with-
out seta. Ri 2-segmented, proximal segment with 1
setae, distal with 14 (6 terminal and 8 sub-terminal
setae). Re 7-segmented with 0, 1, 1, 1, 1, 1, 3 setae.

Mn (Fig. 2E-G): gnathobase elongate, narrow
medially with a knob on distal face; cutting edge
narrow with 2 deep incisions among teeth; basis
with 1 seta. Ri 2-segmented, proximal segment with
1 seta; distal with 9 setae. Re with 1, 1, 1, 1, 1 setae.

Mx1 (Fig. 3A): praecoxal endite with 9 terminal
and 2 posterior setae. Coxal endite with 2 setae;
coxal epipodite with 6 setae. Proximal basal endite
with 4 setae, 1 long, thick and heavily setulated;
distal basal endite fused to Ri with 10 setae total, 2
long, thick and heavily setulated. Re with 6 setae.

Mx2 (Fig. 3B—C): proximal praecoxal endite
with 4 setae; distal with 3 setae. Proximal coxal
endite with 3 setae, 1 thick, distal endite with 3
setae, 1 thick and 1 worm-like. Proximal basal en-
dite with 4 setae, 1 thick and 1 worm-like. Distal
basal endite + ramus with 5 worm-like setae with
setules and 3 brush-like setae.

Mxp (Fig. 4A-B): praecoxal endites of syn-
coxa with 0, 2, 3 sclerotized setae; coxal endite
with 3 setae. Basis with a row of denticles proxi-
mally, 3 medial setae and 2 setae on distal endite.
Ri of 5 articulated segments with 4, 3, 2, 2+1
lateral and 4 setae.

P1 (Fig. 4C-D): coxa without seta; basis with
medial seta. Re 3-segmented, proximal with 1 later-
al seta, middle with 1 medial and 1 lateral seta,
distal with 3 medial, 1 terminal, 1 lateral seta; later-
al seta on proximal segment exceeds the base of
lateral setae of terminal segment, lateral seta on
middle segment exceeds halflength of lateral seta of
terminal segment. Ri 1-segmented with 3 medial
and 2 terminal setae; Von Vaupel Klein’s organ
with curved basal seta and triangular anterior knob
with denticles.

P2 (Fig. 5A): coxa with medial seta; basis with-
out seta. Re 3-segmented, proximal with 1 medial
and 1 lateral seta, middle with 1 medial and 1 lateral
seta, distal with 4 medial, 1 terminal and 3 lateral
setae. Ri 2-segmented, proximal with 1 medial seta,
distal with 2 medial, 2 terminal and 1 lateral setae;
Ri2 with denticles on posterior surface.

P3 (Fig. 5B-C): coxa with medial seta; basis
without seta. Re 3-segmented, proximal with 1 lat-
eral seta, middle with 1 medial and 1 lateral seta,
distal with 4 medial, 1 terminal and 3 lateral setae.
Ri 3-segmented, proximal with 1 medial seta, mid-
dle with 1 medial seta, distal with 2 medial, 2
terminal and 1 lateral seta; Ri2-3 with denticles on
posterior surface.
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Fig. 1. Brodskius benthopelagicus gen.n., sp.n., §:

A — habitus, dorsal; B— habitus, left lateral; C — anterior cephalosome, ventral; D — posterior prosome and urosome,
left lateral; E — anterior cephalosome, left lateral; F — anal segment and CR, dorsal view. C, F of holotype; A-B, D—
E of paratypes. Scale lines 0.1 mm.

Puc. 1. Brodskius benthopelagicus gen.n., sp.n., §:

A — obumit Bux co cnimHel; B — o0mmit Bux ciea; C — nepeaHsis 4acTb HedansocoMsl ¢ OpIOMIHON cTopoHsl; D —
3aJIHsS 4acTh IIPOCOMBI H YPOCOMBI, BUA ciieBa; E — mepenuss yacts nedanocoMsl ciieBa; F — aHaIbHBII cerMeHT n
CR, Bux co cnunsl. C, F — ronotun; A-B, D-E — naparunst. Macmra6 0,1 mm.
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Fig. 2. Brodskius benthopelagicus gen.n., sp.n., §:

A — antenna 1, articulating segments 1-20; B — antenna 1, articulating segments 21-24; C — antenna 2, protopod and
endopod; D — antenna 2, exopod; E — mandibular palp; F — mandibular gnathobase, posterior, distal up; G — medial
section of mandibular gnathobase, anterior, distal down. C—G of holotype, A-B of paratypes. Scale lines 0.1 mm.
Puc. 2. Brodskius benthopelagicus gen.n., sp.n., §:

A — antenHa 1, cBoboaubie cermenthl 1-20; B — anrtenHa 1, cBoGoanbie cermenTsl 21-24; C — aHTeHHa 2,
MPOTOMOAUT U SHAONOANT; D — aHTeHHa 2, 9k30moauT; E — mynuk manuOynsr; F — raato6asza MmasulyIis!, 3a1Hss
MOBEPXHOCTH; G — Cpe/Hsist 4acTh rHaT06a3bl MaH1OYJIbl, iepeHsis moBepxHocTh. C—G — rosorur, A—B — maparwui.
Macuirab 0,1 mm.
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Fig. 3. Brodskius benthopelagicus gen.n., sp.n., §:

A — maxilla 1, posterior; B— maxilla 2, posterior, setation not shown; C — maxilla 2, anterior: A, C of holotype, B
of paratype. Scale lines 0.1 mm.

Puc. 3. Brodskius benthopelagicus gen.n., sp.n., §:

A — wmakcwiia 1, 3aaHss noBepxHocTh; B — makcuiuia 2, 3aaHss noBepxHocTh; C — Makcwiula 2, nepejHss
noBepxHOCTh: A, C — ronorurn, B — maparun. Macira6 0,1 M.
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Fig. 4. Brodskius benthopelagicus gen. n., sp.n., ¢:

A — maxilliped, setae of endopod not drawn; B — maxilliped, endopod; C — swimming leg 1, anterior, coxa detached;
D — swimming leg 1, anterior, basis and endopod; E — leg 5, posterior; F — leg 5, posterior of another paratype. A—
B of holotype, C—F of paratypes. Scale lines 0.1 mm.

Puc. 4. Brodskius benthopelagicus gen. n., sp.n., §:

A — MakCWIUIHIE/a, IETHHKH SHIONOANTA He M300pakeHsl; B — makcwuunena, sugonoaut; C — nepsasi mapa
[UIABATENBHBIX HOT, MEePEe/Hssl MOBEPXHOCTh, KOKCA OTjeieHa; D — mepBasi mapa IUIaBaTelbHBIX HOT, IEpPeaHsist
[OBEPXHOCTb, 0a3uc W sHponout; E — msitas mapa HOT, 3a[Hsis IOBEpPXHOCTh;, F — msitast mapa HOr, 3aHsist
MOBEPXHOCTH Jpyroro naparuna. A—B — ronorun, C—F — napatun. Macmra6 0,1 mMm.
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Fig. 5. Brodskius benthopelagicus gen. n., sp.n.,

A — swimming leg 2, posterior; B — swimming leg 3, posterior, middle and distal segment of endopod not drawn;
C — swimming leg 3 endopod, posterior; D — swimming leg 4, posterior. A of holotype, B-D of paratypes. Scale lines
0.1 mm.

Puc. 5. Brodskius benthopelagicus gen. n., sp.n., ¢:

A — BTOpasi apa IIaBaTeIbHbIX HOT, 33 (HsIS TOBEPXHOCTh; B — TpeThst apa ruiaBaTeIbHbIX HOT, 3a/IHsIs IOBEPXHOCTS,
CPEIHHI U JUCTAIBHBIA CErMEHTHI SHIONOANTA He n300pakeHsl; C — TPEeThs Mapa IUIaBaTEIbHBIX HOT, SHIOMIO/INT,

3a/1HAs TOBEPXHOCTh; D — ueTBepTas mapa miaBaTesIbHBIX HOT, 3a/1Hss IOBEPXHOCTh. A — ronoTur, B—D — napatumsl.
Macmrra6 0,1 mMm.

P4 (Fig. 5D): Coxa with medial seta; basis with- ~middle with 1 medial seta, distal with 2 medial, 2
out seta. Re 3-segmented, proximal with 1 medial terminal and 1 lateral seta; coxa, basis, Ri and Re2
and 1 lateral seta, middle with 1 medial and lateral =~ with denticles on posterior surface.
seta, distal with 4 medial, 1 terminal and 3 lateral PS5 (Fig. 4E-F): 3-segmented; basis (middle
setae. Ri 3-segmented, proximal with 1 medial seta, segment) with posterior denticles; Re (distal seg-
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A

Fig. 6. Brodskius paululus (Park, 1970) comb.n., ¢ (holotype):

A — mandibular gnathobase, posterior, distal down; B — maxilla 2, sensory setae on distal endite of basis + ramus;
C — maxilla 1, proximal and distal endite of basis, endopod and exopod, posterior. Scale lines 0.1 mm.

Puc. 6. Brodskius paululus (Park, 1970) comb.n., § (ronorun):

A — rHaTo6a3a MaHaANOYJIbI, 3aIHSS IOBEPXHOCTh; B — Makcuiia 2, CeHCOpHBIE IETHHKU Ha TUCTATbHOM 0a3aabHOM
sHauTe u BeTBr; C — Makcuiuia |, IpOKCHMaIbHBIH U ANCTAIbHbIN 0a3abHbIE SHUTbI, SHIOMOANT U K300 T, 38 HSsI
nosepxHocTs. Macmrad 0,1 mm.

ment) with posterior denticles and 1 long medial, 1 Remarks. Brodskius benthopelagicus resembles
short lateral and 1 short subterminal setae, and  Amallothrix robustipes Grice, Hulsemann, 1965,
terminal unarticulated extension. Xanthocalanus paululus Park, 1970, and Xantho-

CR (Fig. 1F): 4 large, terminal setae, 1 tiny calanus paraincertus Grice, Hulsemann, 1965. The
dorsal seta and 1 small medioventral setae. taxonomic position of these latter three species has
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remained unclear as evidenced by the assignment of
these three similar species either to Amallothrix or
to Xanthocalanus (Bradford, 1973; Bradford et al.,
1983; Park, 1970; Roe, 1975; Ohtsuka et al., 1998).
Here, all three are placed in the new genus Brod-
skius, resulting in a new combination for Brodskius
robustipes (Grice, Hulsemann, 1965) and for Brod-
skius paululus (Park, 1970). The new species Brod-
skius confusus is established for the paratypes of X.
paraincertus (Grice, Hulsemann, 1965) which are
not conspecific with the holotype. Differences among
these species are discussed following each descrip-
tion or redescription and in Table 1.

Brodskius paululus (Park, 1970) comb. n.
Fig. 6.

Xanthocalanus paululus Park, 1970: 497, Figs. 89—
102; Bradford, 1973: 134, 139, 147; Roe 1975:364-366,
Fig. 32 a-n (female, ?male); Bradford, Haakonssen, Jil-
let, 1983: 71, 123, 127; Ohtsuka, Takeuchi, Tanimura,
1998:795-796, 801.

Specimens. Adult female holotype (USNM
#123786); existing slide with 2 Mxps and 1 Mx2 in
poor condition; both A2, Mn, Mx1, Mxp (in poor
condition) and remaining Mx2 dissected from holo-
type in ethanol.

A2: coxa and basis without setae.

Mn (Fig. 6A): gnathobase elongate, narrow me-
dially with knob on distal face; cutting edge narrow
with 2 deep incisions among teeth.

Mx1 (Fig. 6C): 1 long, thick seta with thick
setules on proximal basal endite; distal basal endite
fused to unsegmented Ri; 10 setae in all (or 11
according to Park (1970: fig. 95)) on distal basal
endite + Ri, 2 broken and significantly thicker than
remaining setae.

Mx2: distal endite of basis + ramus with 5
worm-like setae with setules and 3 thin brush-like
setae (Fig. 6B).

Mxp: with 0, 2 and 3 setae on praeccoxal endites
of syncoxa (Park, 1970, fig. 97).

Remarks. States of the mandible and maxilla 1
agree with the diagnosis of Brodskius to which X.
paululus is assigned. Brodskius paululus differs
from B. benthopelagicus in (Table 1): cephalosome
(Park, 1970, fig. 90) vaulted anteriorly (rounded
anteriorly for B. benthopelagicus); cephalosome and
Pgl separate (fused in B. benthopelagicus); sper-
mathecae (Park, 1970, fig. 90) smoothly rounded
terminally (constricted terminally in B. benthope-
lagicus); Mx1 exopod with 2 setae (6 setaec on B.
benthopelagicus); Mx1 proximal basal endite with
3 setae (4 setac on B. benthopelagicus); P1 Von
Vaupel Klein’s organ (Park, 1970, fig. 98) anterior
knob on endopod smoothly rounded (pointed at its
tip for B. benthopelagicus).

E.L. Markhaseva, F.D. Ferrari

Bradford et al. (1983:71) suggested that Xan-
thocalanus hispidus Grice, Hulsemann, 1967 might
be identical with B. paululus. A slide with oral
appendages of the holotype of X. Aispidus (USNM
#113518) was examined. The following appendag-
es differ from B. paululus. Mx1 proximal basal
endite with 2 thin subequal setae; arthrodial mem-
brane present between distal basal endite and Ri; Ri
without 2 long thick setae. Mx2 praecoxal endite
with 3 setae; distal basal endite + ramus with 3
worm-like and 4 brush-like sensory setae. Mxp prae-
coxal endites of syncoxa with 1, 2 (1 sensory and 1
sclerotized), 1 setae. Xanthocalanus hispidus is not
identical to B. paululus.

Brodskius robustipes (Grice, Hulsemann,
1965) comb.n.
Fig. 7.

Amallothrix robustipes Grice, Hulsemann 1965: 239,
fig. 13f-k; Bradford, 1973: 147; Roe, 1975: 365, 367;
Bradford, Haakonssen, Jillet, 1983: 123; Ohtsuka, Takeu-
chi, Tanimura, 1998:795.

Xanthocalanus paraincertus Grice, Hulsemann 1965
(in part, holotype): 235.

Specimens. Adult female holotype of Amallothrix
robustipes (BM (NH) 1965.4.204): Specimen is in poor
condition; the following oral appendages were stud-
ied: A2 distal armament missing; Mn Ri2 poor condi-
tion with setae missing; Mx1 only 1 limb, most setae
missing; Mx2 setae of praecoxal endite missing; setae
of distal endite of basis + ramus 3 setae present; Mxp
both basipods and Ri missing.

Rostrum: 2 short, thin rostral filaments.

A2: coxa and basis without setae.

Mn (Fig. 7A-B): gnathobase elongate, narrow
medially with a bump in distal face; cutting edge
narrow with two deep incisions among teeth.

Mx1: distal basal endite fused to unsegmented
Ri; setae of endite and Ri inseparable; 2 thick setae
on distal basal endite + Ri.

Mx2: distal basal endite + ramus with at least 5
worm-like setae.

P1 (Fig. 7G, H): Von Vaupel Klein’s organ with
recurved setae originating on basis, endopod without
anterior knob but with several short denticles.

Remarks. From the above observations plus
description and figures of Grice, Hulsemann (1965:
239, fig. 13f-k), including the few additional obser-
vations in Grice, Hulsemann (1967: 26), we con-
clude that Amallothrix robustipes should be re-
moved to Brodskius based on 2 deep incisions on
the cutting edge of Mn, a Mx1 with distal basal
endite fused to unsegemented Ri and with 2 long
thick setae, heavily setulated. While distal basal
endite + ramus of Mx2 has only 5 worm-like setae,
thin brush-like setae may no longer be visible on the
holotype due to the poor condition.
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Fig. 7. Brodskius robustipes (Grice, Hulsemann, 1965) comb.n., ¢:

A — mandibular gnathobase, posterior; B — mandibular gnathobase, medial section, anterior; C — maxilla 1; D —
maxilla 2; E—maxilla 2, sensory setae of distal endite of basis + ramus; F — maxilliped; G — swimming leg 1, anterior;
H — swimming leg 1, basis and endopod. A-B, G-H of holotype of Amallothrix robustipes; C-F of holotype of
Xanthocalanus paraincertus. Scale lines 0.1 mm.

Puc. 7. Brodskius robustipes (Grice, Hulsemann, 1965 ) comb.n., ¢:

A — rHaro6a3a MaHAUOYIIBI, 3aJHSS TOBEPXHOCTh; B — THAaT00a3a MaHAUOYJIbI, CPEIHSS YACTh, TIEPEIHSIS TTOBEPX-
HocTh; C — Makcwia 1; D — makcuia 2; E — makcuiuia 2, CEHCOPHBIE IETHHKH JUCTAIbHOr0 0a3aJIbHOrO SHAUTA
u BetBu; F —makcwumnnena; G — mepBasi mapa IUIaBaTeNbHBIX HOT, MEpeIHssi MOBEpXHOCTh, H — mepBast mapa
MJIaBaTeNbHbBIX HOT, 0a3uc u suponoaut. A-B, G-H, ronorun Amallothrix robustipes; C—F, ronortun Xanthocalanus
paraincertus. Macmrad 0,1 MM.
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Additional specimen. Adult female holotype of
Xanthocalanus paraincertus (BM(NH) 1965 .4.
20.18): A2, Mn, Mx1, Mx2 and Mxp dissected and
studied.

The undissected holotype of Xanthocalanus
paraincertus (BM(NH) 1965.4.20.18) was dissect-
ed and the following observations made. A2: coxa
and basis without setae; Ril with 1 seta; Ri2 with 6
terminal and 8 subterminal setae; Re 7-segmented
with 0, 1, 1, 1, 1, 1, 3 setae. Mn: gnathobase
elongate, narrow medially with a bump in distal
face; cutting edge narrow with two deep incisions
among teeth; basis and proximal segment of Ri
with 1 seta; distal segment of Ri with 9 setae;
setation of Re 1, 1, 1, 1, 1. Mx1 (Fig. 7C): prae-
coxal endite with 9 terminal and 1 posterior setae;
coxal endite with 2 setae, epipodite with 6 setae;
proximal basal endite with 4 setae, distal basal
endite + Ri; setae inseparable, 10 total; Re with 3.
Mx2 (Fig. 7D, E): proximal praecoxal endite with
4 setae; distal praecoxal with 3 setae; proximal
coxal endite with 3 setae, 1 thick, distal endite
with 3 setae, 1 thick; proximal basal endite with 4
setae, 1 thick, claw-like; distal basal endite + ra-
mus with 5 worm-like setae with setules and 2
small, thin brush-like setae. Mxp (Fig. 7F): prae-
coxal endites with 0, 2, 3 setae, all sclerotized. We
conclude that this previously undissected holotype
of X. paraincertus belongs to B. robustipes.

Brodskius robustipes can be distinguished from
B. benthopelagicus and B. paululus (Table 1) in:
shape of spermathecae which is oblong-rounded
(subdivided into two parts of which distal part is
rounded in B. benthopelagicus or rounded in B.
paululus); Mx1 Re with 3 setae (6 in B. benthope-
lagicus or 2 on B. paululus); Mx2 (Re) ramus with 2
brush-like setae (3 on B. benthopelagicus and B.
paululus); P1 Ri without anterior knob (present an
acute distal in B. benthopelagicus or smoothly round-
ed on B. paululus). We then agree with Roe (1975:
367) that Amallothrix robustipes should not be
placed in Amallothrix or Xanthocalanus, and do not
agree that Amallothrix robustipes is synonymous
with Xanthocalanus paululus; they are two differ-
ent species of Brodskius.
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Brodskius confusus sp.n.
Fig. 8.

Xanthocalanus paraincertus Grice, Hulsemann, 1965
(in part, paratypes): 235-237, figs. 12 a—j, 13 a—e; Park,
1970: 497; Bradford, 1973: 139, 147.

Tharybis paraincertus: Bradford, Haakonssen, Jillet,
1983: 71, 123; 127; Schulz, Beckmann, 1995: 210; Ferra-
ri, Markhaseva, 2005: 33, 46.

Specimens. Three adult female paratypes of X.
paraincertus (USNM #266573, #1073375, #1073376)
were not conspecific with the holotype. One female
(USNM #266573) had been dissected previously and
catalogued about the time of the original description
o X paraincertus. However, no slide of dissected
appendages was catalogued and that slide may still
reside in the Woods Hole Oceanographic Institution.
The specimen on the missing slide may have been the
source for descriptions and illustrations for X. paraincer-
tus by Grice, Hulsemann (1965: 235—237, figs. 12 a—
j, 13 a—e). Subsequently, two females were located in
the personal collection of George D. Grice, catalogued
(USNM #1073375, #1073376) and dissected for the
present study.

Female catalogued under USNM #1073375 is
designated as holotype.

Habitus. Body plump; spermathecae cucum-
ber-shaped.

Rostrum: 2 long, thin filaments.

A2: coxa without seta, basis without seta; atten-
uate seta-like structure near the base of Ril.

Mn (Fig. 8A): gnathobase elongate, narrow me-
dially with a bump in distal face; cutting edge nar-
row with two deep incisions among teeth; Re 5-
segmented with 1, 1, 1, 1, 2 setae.

Mx1 (Fig. 8B and Table 1): proximal basal
endite with 2 setae, 1 long, thick and heavily
setulated; distal basal endite + Ri with 9 setae
total, 2 long, thick and heavily setulated; Re with
5 setae.

Mx2 (Fig. 8C): proximal praecoxal endite with
4 setae; distal with 3 setae. Proximal coxal endite
with 3 setae, 1 thick, distal endite with 3 setae, 1
thick and 1 worm-like. Proximal basal endite with 4
setae, 1 thick and 1 worm-like; distal basal endite +
ramus with 5 worm-like and 2 thin brush-like sen-
sory setae.

Fig. 8. Brodskius confusus sp.n., §:

A — mandibular gnathobase, anterior; B — maxilla 1, coxal endite, proximal and distal endites of basis, endopod and
exopod; C — maxilla 2, sensory setae of distal endite of basis + ramus; D — syncoxa of maxilliped; E — right swimming
leg 1, anterior; F — left endopod of swimming leg 1, anterior. Of paratype of Xanthocalanus paraincertus. Scale lines

0.1 mm.
Puc. 8. Brodskius confusus sp.n., §:

A — rHato06a3a MaHAMOYIIBI, MEPEIHss MOBEPXHOCTh, B — Makcuiuia 1, KOKCaJbHBIA SHIAWUT, MPOKCUMAIIbHBIN U
JUCTANIBHBIN 0a3ajbHbBIC SHAMUTHI, SHIOMOIUT M AK30moauT; C — MakCWiula 2, CEHCOPHBIC IIETHHKU TUCTAILHOTO
0a3aJbHOTO SHIUTA U BETBU; D — CHHKOKCAa MaKCHJUTUIEbl; E — mpaBas HOra nepBOi mapsl IUIaBaTeIbHBIX HOT,
TepeiHsisl MOBEPXHOCTh; F — JIeBbIi SHI0IOUT IIEPBOI Maphl IIaBaTeIbHBIX HOT, ITepPeIHss TOBEpXHOCTh. [lapaTumn

Xanthocalanus paraincertus. Macmra6b 0,1 Mwm.
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Mxp (Fig. 8D): praecoxal endites of syncoxa
with 0, 2 and 3 sclerotized setae; Ri of 5 articulated
segments with 4, 2, 2, 2+1 lateral and 4 setae.

P1 (Fig. 8E-F): Von Vaupel Klein’s organ with
curved basal seta and anterior knob of endopod with
denticles and of low relief.

Other characters as described by Grice, Hulse-
mann (1965).

Remarks. Brodskius confusus shares the syna-
pomorphies with the three other species of the ge-
nus. It is distinguished by these three states: plump
body shape (elongate in other species of the genus);
posterior corners of prosome slightly indented (dis-
tinctly indented in other species); long rostral fila-
ments (short filaments in other species); Mn proxi-
mal endopodal and distal exopodal segment with 2
setae (1 seta in other species); Mx1 proximal basal
endite with 2 setae (3 setae on B. paululus or 4 setae
on B. benthopelagicus and B. robustipes); Ri with 9
setae (10 setae on B. benthopelagicus and B. ro-
bustipes or 10/11 on B. paululus); Re with 5 setae
(2 setae on B. paululus or 3 on B. robustipes or 6 on
B. benthopelagicus); Mxp with 2 setae on endopo-
dal segment adjacent to proximal segment (3 setae
on other species of the genus).

Brodskius sp.
Figs. 9-11.

Specimens. One male (USNM #1080968), eastern
tropical Pacific Ocean 1—5 m above Volcano 7, (dive
2147, D9, N4), 2973—2992 m.

Habitus. Total length 1.27 mm; prosome 0.86
mm, urosome 0.41 mm. Cephalosome rounded an-
teriorly in dorsal view (Fig. 9A); cephalosome and
Pgl fused, Pg4-5 separate (Fig. 9B, C); posterior
corners of prosome rounded laterally. Urosome of 5
somites; anterior somite with genital opening on left
(Fig. 9B); segment adjacent to anterior somite long-
est; posterior somite shortest.

Rostrum (Fig. 9D): 2 filaments.

Al (Fig. 10 A-J): right of 23 articulating seg-
ments with: 1+1, 6+4, 2+2, 2+1, 2+2, 1+1, 2+2,
2+3,0+1, 0+1, 2+1, 1+1, 1+2, 1+1, 1+1, 1+1, 1+1,
1, 1, 2, 2, 2, 5+1 setae + aesthetascs; 15" and 16"
segment with an attenuation. Left of 24 articulat-
ing segments with: 1+1, 6+4, 242, 2+1, 2+2, 1+1,
242, 243, 0+1, 0+1, 22, 1+1, 142, 1+1, 1+1, 1+1,
1+1, 1+1, 1, 0, 1, 2, 2, 2, 5+1 setae + aesthetascs.
Eighth segment of left limb incompletely separat-
ed from 9™ Nineteenth segment of right limb ap-
parently corresponding to the 19" (unarmed) and
20" segments of left limb.

A2 (Fig. 9E): coxa without seta; basis with 1
seta. Ri 2-segmented, proximal with 1 seta, distal
with 6 terminal and 7 subterminal setae. Re with 0,
1,1,1,1, 1, 1, 3 setae.
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Mn (Fig. 9 F-G): gnathobase rudimentary; ba-
sis with 1 seta. Ri 2-segmented, proximal with seta,
distal with 6 setac. Re with 1, 1, 1, 1, 2 setae.

Mx1 (Fig. 9H): without arthrodial membranes;
endites of praecoxa, coxa, basis + endopod and
exopod simple lobes; all setae small except for two
on coxal endite.

Mx2 (Fig. 91): proximal and distal praecoxal
endites with 3 setae; proximal and distal coxal en-
dites with 3 setae; proximal basal endite with 4 setae,
1 short worm-like; distal basal endite + ramus with 5
worm-like setae with setules and 3-brush-like setae.

Mxp (Fig. 11A): praecoxal endites of syncoxa
with 0, 2, 3 sclerotized setae; coxal endite with 3
setae; basis with 3 medial setae and 2 setae on distal
endite; Ri with 4, 2, 2, 2+1 lateral and 4 sctae.

Segmentation and setation of P1-P4 as for the
genus except for basis of P1 without medial seta.

P1 (Fig. 11B): Von Vaupel Klein’s organ with-
out basal seta and anterior knob.

P2 (Fig. 11C): Ri2 with posterior spinules.

P3 (Fig. 11D): Ri2-3 with posterior spinules.

P4 (Fig. 11E): Ri3 with posterior spinules.

PS5 (Fig. 11F-Q): leg biramous, exceeding pos-
terior border of urosome segment 2 (Fig. 9C); right
Re 2-segmented, left Re 3-segmented; both Ri 1-
segmented, right small and left one longer than Re.

Remarks. We consider this specimen a male of
Brodskius because: there is a sensory seta on the
proximal basal endite of Mx2 and 5 worm-like and
3 brush-like setae on the distal basal endite + ramus;
the three praecoxal endites of Mxp syncoxa have 0,
2, 3 sclerotized setae. We note that there is a seta on
the basis of A2 which appears to be gender dimor-
phic. This male may be conspecific with B. bentho-
pelagicus with whose females it was collected. If
so, it is larger than its conspecific female (1.27 vs
1.02 mm), a phenomenon unusual for calanoids.
However, a similar situation was reported for B.
paululus by Roe (1975), but that finding later was
questioned by Ohtsuka et al. (1998).

Byrathis gen.n.

Diagnosis. Adult female cephalosome fused with
Pgl, Pg4-5 fused dorsally, separated laterally; gen-
ital complex with small spinules dorsally and later-
ally. Al of 24 articulated segments. A2, coxa and
basis with 1 and 2 setae respectively; exopod with 1,
3,1,1,1, 1,1, 3. Mn gnathobase with broad medial
edge and posterior tooth-like knob. Mx1 praecoxal
endite with 2 posterior setae and 9 terminal setae;
proximal 2 terminal setae curved proximally; coxal
and proximal basal endite with 2 setae; endopod
articulating with basis. Mx2 praecoxal endite with 4
sclerotized setae; proximal basal endite with 1 worm-
like seta; distal basal endite + ramus with 5 worm-
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Fig. 9. Brodskius sp., J':

A — anterior cephalosome, dorsal; B — posterior prosome and urosome, dorsal; C — posterior prosome and urosome,
left lateral; D — rostrum; E — antenna 2; F — medial tip of mandibular gnathobase; G — mandibular palp; H — maxilla
1; I — maxilla 2; J — left caudal ramus, ventral. Scale lines 0.1 mm.

Puc. 9. Brodskius sp., T

A —nepeiHMIA KOHEN Ie(aTOCOMBI, BH CO CITMHBI; B — 3a1HsA5 4aCTh MPOCOMBI M yPOCOMBI, BUJL CO CITHHBI; C — 3aTHsASA
4acTh MPOCOMBI U yPOCOMBEI, ciieBa; D — poctpym; E — anrtenna 2; F — cpennnHbIi 3yOen rHaTo0a3sl MaHAMOY b,
G — mynuk MaaauOynsl; H — makcuna 1; I — makcnmna 2; J — neas CR ¢ 6promHoii croporsl. MaciTab 0,1 Mm.

like setae and 3 short brush-like setae, one of which
is thicker. Mxp praecoxal endites with 1, 2 and 3
setae (distal endite with 1 worm-like seta) . P1-4 of
clausocalanoidean segmentation and setation. P5 3-
segmented, distal segment with 3 setae and terminal
attenuation. Male unknown.

A synapomorphy for Byrathis is proximal 2
terminal setae on praecoxal endite of Mx1 curved
proximally.

The following plesiomorphies or convergences
help separate Byrathis from most other bradfordian
genera: segments of the exopod of A2 with 1,3, 1, 1,
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Fig. 10. Brodskius sp., J":

A — left antenna 1, articulating segments 1-7; B — left antenna 1, articulating segments 8—13; C — left antenna 1,
articulating segments 14-20; D — left antenna 1, articulating segments 21-24; E — right antenna 1, articulating
segments 1-4; F — right antenna 1, articulating segments 5-7; G — right antenna 1, articulating segments 8-11; H —
right antenna 1, articulating segments 12—13; I — right antenna 1, articulating segments 14-19; J — right antenna 1,
articulating segments 20-23. Scale lines 0.1 mm.

Puc. 10. Brodskius sp., J':

A — neBas anteHHa 1, cBoOOHbIE cerMeHThl 1-7; B — neBas anrenHa 1, cBo6oaubie cermentsl 8—13; C — neBast
anTeHHa 1, cBoOoHbIe cermMeHThl 14-20; D — neBast anTeHHa 1, cBoOoHbIe cerMeHThl 21-24; E — npaBasi aHTeHHA
1, cBoboHbIe cermenThl 1—4; F — mpaBas anTeHHa 1, cBOO0AHBIE cerMeHThl 5—7; G — mnpaBast aHTeHHa 1, CBOOOIHBIC
cermenTsl 8—11; H — nipaBast anteHHa 1, cBoOoaHbIe cerMeHThl 12—13; [ — npaBas anTeHHa 1, CBOOO/IHBIE CEIrMEHTHI
14-19; ] — npaBas anteHHa 1, ceoboaHbie cermenThl 20—-23. Macmtab 0,1 mM.
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Fig. 11. Brodskius sp., J":

A — maxilliped; B — swimming leg 1, basis, endopod and exopod, anterior; C — swimming leg 2, posterior; D —
swimming leg 3, posterior; E — swimming leg 4, posterior; F — leg 5, posterior; G — leg 5, anterior. Scale lines 0.1
mm.

Puc. 11. Brodskius sp., J":

A — Makcwumnena; B — mepBas mapa miaBaTelIbHBIX HOT, 6a3UC, SHAOMOANUT U DK30IIOUT, IEPEIHsS IOBEPXHOCTE;
C — BTOpas napa IIaBaTeIbHBIX HOT, 3a1HsIsI HOBEPXHOCTH; D — TpeThs napa IIaBaTelbHbIX HOT, 3a{HsIsI HOBEPXHOCTH;
E — gerBepras napa ruiaBaTeIbHBIX HOT, 3aIHsIS IOBEPXHOCTH; F — rsiTast mapa Hor, 3aHss HOBEPXHOCTh; G — msiTast
rnapa Hor, epe/Hss moBepxHocTh. Macmirad 0,1 Mm.
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1, 1, 1, 3 setae (shared with Neoscolecithrix, Ce-
nognatha, some species of Diaixis, Puchinia and
the following new genus Omorius); more than 4
worm-like sensory setae on basal endite + ramus of
Mx2 (shared with Brodskius, Neoscolecithrix,
Rythabis and the following new genus Omorius);
praecoxal endites of the syncoxa of Mxp with 1, 2, 3
setae, (shared with Grievella, Xantharus, Falsilan-
drumius, Landrumius, Neoscolecithrix, Cenognatha,
some species of Diaixis and some species of Thary-
bis); a worm-like seta on the distal praecoxal endite
of Mxp (shared with some species of Diaixis). The
posterior tooth-like knob on gnathobase of Mn
(shared with the following new genus Omorius) has
not been surveyed well enough to determine its
usefulness for separating groups of bradfordian gen-
era; e.g. it is present in Scolecithrix danae, Lopho-
thrix frontalis and Scottocalanus helenae (personal
observations of FDF and ELM).

Etymology. The generic name Byrathis is an
anagram of Tharybis. Gender masculine.

Type species: Xanthocalanus macrocephalon
Grice, Hulsemann, 1970. Other species: B. volcani
sp.n., B. laurenae sp.n. and Byrathis sp.

Byrathis volcani sp.n.
Figs. 12-15.

Specimens. Adult female holotype 0.77 mm
(USNM #1080963); prosome 0.60 mm, urosome 0.17
mm from eastern tropical Pacific Ocean 1—5 m above
Volcano 7, (dive 2146, D8, N8), 3022—3010.

Habitus. Total length 0.77 mm; prosome 3.5
times longer than urosome. Cephalosome fused with
Pgl; Pg4 and Pg5 fused dorsally, separate laterally
(Fig. 12A-B, D-F). In dorsal view, cephalosome
rounded anteriorly (Fig. 12A, C); posterior corners
of prosome produced laterally into a short, slightly
indented lobe (Fig. 12B, D, E). Genital complex
symmetrical in dorsal view with a slight bump later-
ally, a ventral bump in lateral view, and with small
spinules dorsally and laterally on this and the fol-
lowing somite (Fig. 12D, F-E).

Rostrum (Fig. 12C): 2 thin short filaments.

Al (Fig. 12G): 24 articulated segments with 3,
6+1,2+1, 1, 1+1,2,2,2+22, 1, 1,2, 1, 1+1, 1+2, 1,
1,1, 0+1, 12, 1+1, 1+1?, 2, 2, 4 setae + aesthetascs.

A2 (Fig. 13A): coxa with 1 small seta; basis
with 2 seta. Ri 2-segmented; proximal segment
with 1 seta, distal with 15 (7 terminal and 8 sub-
terminal setae). Re 8-segmented with 1, 3,1, 1, 1,
1, 1, 3 sctae.

Mn (Fig. 14A-E): gnathobase with tooth-like
knob on posterior face, cutting edge broad with 8
teeth and 1 seta; basis with 2 setae. Ri 2-segmented,
proximal segment with 1 seta, distal with 9 setae. Re
with 1, 1, 1, 1 and 2 setae.

E.L. Markhaseva, F.D. Ferrari

Mx1 (Fig. 14 F-G): praecoxal endite with 2
posterior and 9 terminal setae, proximal 2 terminal
setae curved proximally; coxal endite with 2 setae,
epipodite with 5 setae; proximal basal endite with 2
setae; distal basal endite with 2 setae. Ri with 8
setae in groups of 2 + 6. Re with 3 setae.

Mx2 (Fig. 13 B—C): proximal praecoxal endite
with 4 setae; distal with 3 setae, 1 thicker. Proximal
coxal endite with 3 setae, 1 thicker; distal with 3
setae, 1 thicker. Proximal basal endite with 4 sctae,
1 thicker, 1 worm-like; distal basal endite + ramus
with 5 worm-like and 3 brush-like sensory setae, 1
brush-like seta thicker.

Mxp (13D-E): praecoxal endites of syncoxa
with 1, 2, 3 setae, 1 worm-like; coxal endite with 3
setae (1 broken). Basis with a row of small denticles
on proximal part, 3 medial setae; 2 setae on distal
endite. Ri of 5 articulated segments with 4, 4, 3, 3+1
lateral and 4 setae.

P1 (Fig. 15 A-C): coxa without seta; right basis
with medial seta slightly curved, left without seta. Re
3-segmented, proximal with 1 lateral seta, middle
with 1 medial and 1 lateral seta, distal with 3 medial,
1 terminal, 1 lateral seta; lateral seta on proximal
segment exceeds the base of lateral setae of following
segment, lateral seta on middle segment does not
reach the mid-length of lateral seta of terminal seg-
ment. Ri right with 2 medial and 2 terminal setae
(unusual for clausocalanoideans); left with 3 medial
and 2 terminal setae. Von Vaupel Klein’s organ, left
side, with basal seta slightly curved, anterior knob
poorly developed without denticles.

P2 (Fig. 15D): coxa with medial seta; basis with-
out seta. Re 3-segmented, proximal with 1 medial
and 1 lateral seta, middle with 1 medial and 1 lateral
seta, distal with 4 medial, 1 terminal and 3 lateral
setae. Ri 2-segmented, proximal with 1 medial seta,
distal with 2 medial, 2 terminal and 1 lateral setae;
Ri2 with denticles on posterior surface.

P3 (Fig. 15E): coxa with medial seta; basis
without seta. Re 3-segmented, proximal with 1 me-
dial and 1 lateral seta, middle with 1 medial and 1
lateral seta, distal with 4 medial, 1 terminal and 3
lateral setae. Ri 3-segmented, proximal with 1 me-
dial seta, middle with 1 medial seta, distal with 2
medial, 2 terminal and 1 lateral seta.

P4 (Fig. 15F): coxa with medial seta; basis
without seta; denticles on posterior surface of both
segments. Re 3-segmented, proximal with 1 lateral
seta, middle with 1 medial and lateral seta, distal
with 4 medial, 1 terminal and 3 lateral setae, denti-
cles on posterior surface. Ri 3-segmented, proximal
with 1 medial seta, middle with 1 medial seta, distal
with 2 medial, 2 terminal and 1 lateral seta, denti-
cles on posterior surface.

PS5 (Fig. 15G—H): 3-segmented; proximal and
middle segments (coxa and basis) with denticles;
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Fig. 12. Byrathis volcani gen.n., sp.n., $:

A — habitus, dorsal; B — habitus, lateral; C — rostrum, ventral; D — posterior prosome, leg 5, and urosome, lateral;
E — posterior prosome and genital complex, left lateral; F — posterior prosome and urosome, dorsal; G — antenna 1.
Scale lines 0.1 mm.

Puc. 12. Byrathis volcani gen. n, sp.n., $:

A — oOmmnit BuA, Buj co ciuHbl; B — o0mmii Bua, ciaesa; C — pocTpyM, BUj ¢ OpIOLIHOM cTopoHbl; D — 3a1Hss yacTh
HPOCOMBI, TISATast TApa HOT M ypocoMa clieBa; E — 3a/Hss 9acTh IPOCOMBI M TeHUTaJIbHOTO KOMILICKCa cieBa; F — 3annss
4acTh MPOCOMBI U ypocoma, co criuHbl; G — aHreHHa 1. Macmrad 0,1 M.

distal segment with 1 short lateral seta, 1 long Differences among this species and other species
medial attenuation and 2 subterminal setae; with  of the genus are discussed following each description
denticles. or redescription and are summarized in Table 2.

CR (Fig. 12A, D, F): 4 large, terminal setae, 1 Etymology. The species epithet refers to Volca-

small dorsal seta and 1 small medial ventral seta. no 7, the location of capture.
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Fig. 13. Byrathis volcani gen.n., sp.n., §:

A — antenna 2; B — maxilla 2; C — sensory setae on distal endite + ramus of maxilla 2; D — syncoxa of maxilliped;
E — basis and endopod of maxilliped. Scale lines 0.1 mm.

Puc. 13. Byrathis volcani gen.n., sp.n., $:

A — anTenna 2; B — makcwmia 2; C — CeHCOpHbIE IETHHKU Ha JUCTAIBHOM 0a3aIbHOM SHUTE U BETBH MAKCHILIBI
2; D — cuHKOKca Makcusuthneabl;, E — 6asuc u sH10n0auT Makcusutuneap. Macmrad 0,1 mm.
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C D E

Fig. 14. Byrathis volcani gen.n., sp.n., ¢:

A — mandibular palp; B — vmandibular gnathobase, anterior; C — mandibular gnathobase, distal; D — mandibular
gnathobase, proximal; E — mandibular gnathobase, posterior; F — praecoxal endite of maxilla 1; G — coxa, basis and
rami of maxilla 1. Scale lines 0.1 mm.

Puc. 14. Byrathis volcani gen.n., sp.n., ¢:

A — mynuk maHaunOynsl; B — rHato6asa mauauOyIiel, mepeiHsisi moBepxHocTh; C — rHaTO0a3a MaHIUOYIIHI,
nucranbHo; D — rHaro6asa MaHAnOYIIbl, IPOKCHMalbHO; E — rHaro6a3a MaHaAnOyIibl, 3a/(Hss MOBEPXHOCTH; F —
MPEKOKCAIbHbIN 3HIUT MakcHLIbl 1; G — Kokca, 6asuc u BetBu Makcmuisl 1. Maciura6 0,1
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Fig. 15. Byrathis volcani gen.n., sp.n., §:

A — swimming leg 1, anterior; B — left basis and endopod of swimming leg 1, anterior; C — right basis and endopod
of swimming leg 1, anterior; D — swimming leg 2, posterior; E — swimming leg 3, posterior; F — swimming leg 4,
posterior; G — right PS5, posterior; H — left PS exopod, posterior. Scale lines 0.1 mm.

Puc. 15. Byrathis volcani gen.n., sp.n., §:

A — mepBas napa IuIaBaTeJIbHBIX HOT, IePeIHsIs IIOBEPXHOCTh; B — JIeBbIi Ga3aJIbHbINH WICHUK ¥ YHIOIOJHUT IIePBOH
mapsl IUIABaTeNIBHBIX HOT, HMEepelHss MOBepXHOCTh;, C — mpaBblil Ga3aJIbHBIM WICHHUK U JHJOIOAUT IIEPBOH Mapbl
IUIaBaTENIBHBIX HOT, EPEIHss TOBEPXHOCTh; D — BTOpas Iapa IUIaBaTeNbHbIX HOT, 3aJHsIS TOBEPXHOCTh; E — TpeThs
rapa IUIaBaTeNIbHBIX HOT, 3a/IHSs IOBEPXHOCTh; F — deTBepras mapa IIaBaTeNbHBIX HOT, 3aHSS IIOBEPXHOCTh, G —
npasasi PS5, 3aaus1s moBepxHOCTh; H — nieBas PS5, sx3omonut, 3aaHss moBepxHocTb. Maciitad 0,1 M.
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Byrathis laurenae sp.n.
Figs. 16-17.

Specimens. Adult female holotype 0.87 mm
(USNM #1080964); prosome 0.69 mm, urosome 0.18
mm, from eastern tropical Pacific Ocean, ALVIN dive
3561, Biovent, 14 May 2000, depth 2,500 m, 1 m
above the bottom.

Habitus. Length 0.87 mm; prosome 3.8 times
longer than urosome. Cephalosome fused to Pgl; Pg4
and Pg5 fused dorsally, separate laterally (Fig. 16A,
B). Anterior cephalosome rounded dorsally (Fig. 16C,
D). Posterior corners of prosome produced into short,
rounded lobes in lateral view (Fig. 16A). Genital com-
plex slightly asymmetrical in dorsal view, in lateral
view with bump at midlength; with small spinules
dorsally and laterally (Fig. 16A, E).

Rostrum: 2 thin short filaments.

Al: of 24 articulated segments; setation unde-
termined due to poor condition of antennule.

A2 (Fig. 16F): coxa with 1 seta; basis with 2
seta. Ri 2-segmented; proximal segment with 1 set-
ae, distal with 15 setae (7 terminal and 8 sub-
terminal). Re 7-segmented with 1, 4, 1, 1, 1, 1, 3
setae.

Mn (Fig. 17A): gnathobase with tooth-like knob
on posterior face, cutting edge wide with 9 teeth and
1 seta. Basis with 3 setae; Ri 2-segmented; proximal
segment with 2 setae, distal with 9 setae. Re with 1,
1, 1, 1 and 2 setae.

Mx1: praecoxal endite with 2 posterior and 9
terminal setae, proximal 2 terminal setae curved
proximally. Coxal endite with 2 setae, coxal epi-
podite with 8 setae; proximal and distal basal en-
dites with 2 setae. Ri with 8 setae in groups of 2 + 6.
Re with 4 setae.

Mx2 (Fig. 17 B): proximal praecoxal endite
with 4 setae; distal with 3 setae, 1 thicker. Proximal
coxal endite with 3 setae, 1 thicker; distal with 3
setae, 1 thicker. Proximal basal endite with 4 setae,
1 thicker, 1 worm-like; distal basal endite + ramus
with 5 worm-like and 3 brush-like sensory setae, 1
brush-like seta thicker and with longer setules.

Mxp (17C): praecoxal endites of syncoxa with
1, 2, 3 setae, 1 worm-like; coxal endite with 3
setae. Basis with a row of small denticles proxi-
mally, 3 medial setae, 2 setae on distal endite. Ri
of 5 articulated segments with 4, 4, 3, 3+1 lateral
and 4 setae.

P1 (Fig. 16G): coxa without seta; basis with
medial seta. Re 3-segmented, proximal with 1
lateral seta, middle with 1 medial and 1 lateral
seta, distal segment short with 3 medial, 1 termi-
nal, 1 lateral seta; lateral seta on proximal seg-
ment extends to midlength of lateral setae of
middle segment; lateral seta of middle segment
not reaching midlength of lateral seta of terminal
segment. Ri elongate, distal edge exceeding bor-
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der between middle and distal Re, with 3 medial
and 2 terminal setae; Von Vaupel Klein’s organ
with basal seta uncurved, anterior knob poorly
developed with denticles along lateral edge distal
to anterior knob.

P2-P4: middle and distal segments of Re and Ri
lost; P4 proximal segment of Re with medial seta.

PS5 (Fig. 16 H): 3-segmented; proximal and mid-
dle segments (coxa and basis) with denticles; distal
segment (Re) with 1 short, lateral, 1 terminal and 1
medial setae and | long terminal attenuation, with
posterior denticles.

CR (Fig. 16A, E): only 2 long setae retained; all
others broken.

Etymology. The species epithet recognizes Dr.
Lauren Mullineaux’s contribution to the explora-
tion of the deep oceans.

Remarks. Byrathis laurenae can be distin-
guished (Table 2) from B. volcani by the former’s
slightly asymmetrical genital complex (symmetrical
in B. volcani); 7-segmented exopod of antenna 2 (8-
segmented for B. volcani), elongate segment with 4
setac (3 setae for B. volcani); 3 setae on basis of
mandible (2 setae on B. volcani); Von Vaupel Klein’s
organ with denticles distal to anterior knob (without
distal denticles on B. volcani).

Byrathis macrocephalon (Grice, Hulse-
mann, 1970) comb.n.
Fig. 18.

Xanthocalanus macrocephalon Grice, Hulsemann
1970:191, figs. 111-127; Bradford, 1973:139, 147.

Tharybis macrocephalon: Bradford, Haakonssen, Jil-
let, 1983:123, 127; Schulz, Beckmann, 1995: 210; Ferra-
ri, Markhaseva, 2005: 33, 46.

Specimens. Adult female holotype (USNM
#125141) and 3 female paratypes (USNM #1073392).

Habitus. Adult female total length 1.06-1.12
mm; prosome 4.6-5.4 times longer than urosome.
Cephalosome fused with Pgl; Pg4 and Pg5 fused
dorsally, separate laterally. Anterior cephalosome
rounded dorsally; posterior corners of prosome pro-
duced into short, indented lobe in lateral view.
Genital complex symmetrical, spermathecae elon-
gate, dorsal part directed dorsally (Fig. 18A).

Rostrum: 2 short, thin filaments.

Al: 24 articulated segments.

A2 (Fig. 18B): coxa with 1 seta; basis with 2
setae. Ri 2-segmented, proximal segment with 1
seta; distal with 14 (6 terminal and 8 sub-terminal
setae). Re 8-segmented with 1, 3, 1, 1, 1, 1, 1, 3
sctae.

Mn (Fig. 18C, D): gnathobase with tooth-like
knob on posterior face, cutting edge wide with 8
teeth and 1 seta; basis with 3 setae. Ri 2-segmented;
proximal with 2 setae; distal with 9 setae. Re with 1,
1, 1, 1, 2 setae.
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F E

Fig. 16. Byrathis laurenae gen.n., sp.n., ¢:

A — posterior prosome and urosome, left lateral; B — posterior prosome, dorsal; C — anterior cephalosome, left lateral;
D — anterior cephalosome, dorsal; E— urosome, dorsal; F — five articulating segments of antenna 2 exopod, from basis;
G — swimming leg 1, anterior; H — right leg 5, posterior. Scale lines 0.1 mm.

Puc. 16. Byrathis laurenae sp.n., $:

A — 3a/iHsS 4acTh MPOCOMBI M YPOCOMBI ClieBa; B — 3ajiHss yacTh mpocoMsl, BUJ co ciuHbl; C — nepeaHss 4acTh
nedanocomsl cieBa; D — nepeansist yacTs nedanocomsl, co ciunbl; E — ypocoma, Buz co ciutsl; F — ms1Th cBOOOAHBIX
CErMEHTOB 3K30M0/1Ta AaHTEHHBI 2, CYnTast oT 6azabHOro wieHnka; G — nepas apa IiaBaTeIbHbIX HOT, NEPEHsIs
MOBEpXHOCTh; H — mpaBast msaTas Hora, 3aaHssl MOBEepXHOCTh. Maciirab 0,1 M.
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Fig. 17. Byrathis laurenae gen.n., sp.n., §:
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A — mandibular palp; B — maxilla 2, sclerotized setae of endites not drawn; C —v syncoxa of maxilliped. Scale lines

0.1 mm.
Puc. 17. Byrathis laurenae sp.n., 3

A — mynuk MmaHu0yib1; B — mMakcuiia 2, CKiIepoTH3MpOBaHHbIE IETUHKH SHIAUTOB He n300pakensl; C — CHHKOKCA

Makcumneasl. Macmrad 0,1 mm.

Mx1: praecoxal endite with 2 posterior and 9
terminal setae, proximal 2 terminal setae curved
proximally; coxal endite with 2 setae, coxal epi-
podite with 7 setae; proximal basal endite with 2
setae, distal with 3 setae (1 of them small). Ri with 7
setae in groups of 2 + 5; Re with 4 setae.

Mx2 (Fig. 18E-F): proximal praecoxal endite
with 4 setae; distal with 3 setae, 1 thicker. Proximal
coxal endite with 3 setae, 1 thicker; distal with 3
setae, 1 thicker. Proximal basal endite with 4 setae,
1 thicker, 1 worm-like; distal basal endite + ramus
with 5 worm-like and 3 brush-like sensory setae, 1
brush-like seta thicker and with longer setules.

Mxp (Fig. 18G): praecoxal endites of syncoxa
with 1, 2, 3 setae, 1 worm-like; coxal endite with 3
setae. Basis with a row of small denticles proximally, 3
medial setae, 2 setae on distal endite. Ri of 5 articulat-
ed segments with 4, 4, 3, 3+1 lateral and 4 setae.

P1 (Fig. 18H): coxa without seta; basis with
medial seta. Ri with 3 medial and 2 terminal setae;
Von Vaupel Klein’s organ with basal seta slightly
curved, anterior knob rounded and with denticles.
Re 3-segmented, proximal with 1 lateral seta, mid-

dle with 1 medial and 1 lateral seta, distal with 3
medial, 1 terminal, 1 lateral scta; lateral seta on
proximal segment exceeds the base of lateral setae
of following segment, lateral seta on middle seg-
ment exceeds half length of lateral seta of terminal
segment.

P24 as described by Grice, Hulsemann (1970:
191-192, 210, Plate VII, Figs. 124-126).

PS: 3-segmented; Re (distal segment) with 1
long medial and 1 short lateral setae, and 1 subter-
minal and 1 terminal attenuation.

CR (Fig. 18A): 4 large, thick terminal setae, 1
small dorsal seta and 1 small medial ventral seta.

Remarks. Byrathis macrocephalon can be dis-
tinguished (Table 2) from B. volcani by the former’s
size, 1.06-1.12 mm (0.77 mm for B. volcani); 3
setae on basis of mandible (2 setae on B. volcani);
distal to anterior knob of Von Vaupel Klein’s organ
which bears denticles (without denticles on B. vol-
cani). Byrathis macrocephalon can be distinguished
from B. laurenae by the former’s symmetrical gen-
ital complex (slightly asymmetrical in B. laurenae);
8-segmented exopod of antenna 2 (7-segmented
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Fig. 18. Byrathis macrocephalon (Grice, Hulsemann, 1970) comb.n., ¢ (holotype):

A — posterior prosome and urosome, right lateral; B — exopod of antenna 2; C — mandibular gnathobase, posterior;
D — mandibular gnathobase, proximal; E — maxilla 2, praecoxal, coxal and proximal basal endites; F — sensory setae
of distal basal endite + ramus of maxilla 2; G— syncoxa of maxilliped; H — distal part of basis and endopod of swimming
leg 1, anterior. Scale lines 0.1 mm.

Puc. 18. Byrathis macrocephalon (Grice, Hulsemann, 1970) comb.n., § (ronorun):

A — 3ajiH55 9acTh MPOCOMBI M ypocoMa, cripaBa; B — sk3omoaut anrennst 2; C — rHato6a3a MaHu0OYyJIbl, 3aJHss

ITOBEPXHOCTH, D — ruarobasa MaH[[I/I6yJII)I, IIPOKCUMAJIBHO, E — wmakcwmina 2, TIPEKOKCAJIBHBIE, KOKCAJIbHBIE H
HpOKCI/IMaHBHHﬁ 6asaabHBII DOHIOWTBHI, F— CECHCOPHBIC METHUHKU JUCTAJIIBHOT'O 6a3aIbHOTO OHJAWUTAa U BETBU MAaKCHJLJIBI
2, G — CHHKOKCa MaKCHJUTUIIEBI; H — JUCTaJIbHass 4acThb 06a3ajpHOr0 YIEHHKAa U SHIAOMIOIUT nepBoﬁ Tapsbl

IJIaBaTCJIBHBIX HOT, NMEPEAHASA TOBEPXHOCTh. Maciurad 0,] MM.
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for B. laurenae) and elongate segment with 3 setae
(4 setae for B. laurenae).

Byrathis sp.
Fig. 19.

Specimens. 1 female (USNM #1080969), 1.15
mm; prosome 0.69 mm, urosome 0.18 mm from
eastern tropical Pacific Ocean, Volcano 7; submersible
Alvin, dive 2147, D9, N4, depth 2973—2992 (1-5 m
above the bottom).

Habitus. Adult female total length 1.15 mm;
prosome 5 times longer than urosome.

Cephalosome fused with Pg1; Pg4 and Pg5 fused
dorsally, separate laterally. Posterior corners of
prosome triangular lobes in lateral view (Fig. 19B).
Genital complex symmetrical in dorsal view (Fig.
19A); small denticles dorsally and laterally on gen-
ital segment and following two abdominal segments.

Rostrum: without filaments.

Al: 24 articulated segments.

A2 (Fig. 19C): coxa with 1 seta; basis with 2
seta. Ri 2-segmented, proximal segment with 1 seta,
distal with 15 (7 terminal and 8 sub-terminal setae).
Re 8-segmented with arthrodial membrane between
3 and 4" segments present ventrally and with 1, 3,
0(7,1,1,1,1, 3 setae.

Mn: gnathobase with tooth-like knob on poste-
rior face; palp with missing setae.

Mx1: praecoxal endite with 2 posterior and 9
terminal setae, proximal 2 terminal setae curved
proximally; setae missing from coxal endite and
coxal epipodite, basal endites and Ri.

Mx2 (Fig. 19D-E): proximal praecoxal endite with
missing setae; distal with 3 setae, one thicker. Proximal
coxal endite with 3 setae, 1 thicker; distal with 3 setae, 1
thicker. Proximal basal endite with 4 setae, 1 thicker, 1
worm-like; distal basal endite + ramus with 5 worm-like
and 3 brush-like sensory setae, 1 brush-like seta thicker
and with longer setules than others.

Mxp (19F): praecoxal endites of syncoxa with
1, 2, 3 setae, 1 worm-like; coxal endite with 3 setae.
Basis with a row of small denticles proximally, 3
medial setae, 2 setae on distal endite. Ri of 5 articu-
lated segments with 4, 4, 3, 3+1 lateral and 4 setae.

P1-P4: segments missing from most rami; except
fragments of P1-P2, with clausocalanoidean setation
as described for the genus; P1 Von Vaupel Klein’s
organ with seta of basis slightly curved and slightly
recurved, anterior knob of endopod with denticles.

PS5 (Fig. 19G): 3-segmented; distal segment (Re)
with 1 long medial and 1 short lateral setae, and 1
subterminal and 1 terminal attenuation.

CR: 4 large, thick terminal setae, 1 small dorsal
seta and 1 small medial ventral seta; terminal setae
broken.

Remarks. This specimen is not given a biolog-
ical name because it has been damaged significant-
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ly. Terminal setae of the praecoxal endite of maxilla
1 are present, and the proximal 2 setae are curved
proximally, a synapomorphy for Byrathis. The ar-
chitecture of the exopod of antenna 2 is unique; the
arthrodial membrane separating 2 segments distal
to the long segment has formed ventrally but is
absent dorsally, and the proximal to these two seg-
ments does not bear a seta.

Omorius gen.n.

Diagnosis. Adult female with cephalosome and
Pgl fused dorsally, separate laterally; Pg4—5 fused
dorsally, separate laterally. Posterior corners of
prosome as rounded lobes in lateral view. Rostrum
without filaments. A1 of 24 articulated segments. A2
coxa with 1 seta, basis with 2 setae; Re with 1,3, 1, 1,
1, 1, 1, 3 setae. Mn gnathobase with a tooth-like knob
on posterior face; cutting edge wide proximal to
distal. Mx1 praecoxal endite with 4 posterior setae
and 9 terminal setae, 3" and 4™ (2™ and 3" from
proximal seta) thin and slightly curved; coxal endite
with 2 setae, coxal epipodite with 9 setae; proximal
basal endite with 2 setae; distal basal endite with 3
setae; Ri articulating with basis with groups of 2 and
5 setae; Re with 4 setae. Mx2 praecoxal endite with 4
setae; proximal and distal coxal endites with 3 setae,
1 thicker; and proximal basal endite with 4 setae, 1
thicker, 1 worm-like; distal basal endite + ramus with
5 long, worm-like setae and 3 short, brush-like setae.
Mxp praecoxal endites of syncoxa with 1, 2, 1 sclero-
tized setae; coxal endite with 3 setae; Ri of 5 articu-
lated segments with 4, 4, 3, 3+1 and 4 setae. P14
clausocalanoidean segmentation and setation. P5 3-
segmented, distal segment with 3 setac and terminal
attenuation.

Remarks. At present 3" and 4" thin and slightly
curved setae on the praccoxal endite of Mx1 is the
only proposed synapomorphy for the monotypic
Omorius. A sclerotized seta on distal praecoxal
endite of Mxp syncoxa is shared with Archescolec-
ithrix although the latter genus has 5 brush-like and
3 worm-like setae on the distal basal endite + ramus
of Mx2, a situation reversed for Omorius. On the
remaining 17 scolecitrichid-like genera, a brush-
like seta replaces the sclerotized seta on the distal
praecoxal endite of Mxp syncoxa. On the remaining
bradfordian genera, two or three setae are found on
this endite.

The following states appear to be convergent in
Omorius and other bradfordian genera: 2 setae on
proximal basal endite of Mx1 (shared with Sco-
lecitrichopsis, Byrathis, some species of Brodskius,
and of Diaixis); 3 setae of distal basal endite of Mx1
(shared with Phaenna, some species of Byrathis, of
Tharybis, and of Diaixis); 4 setae on the exopod of
Mx1 (shared with some species of Byrathis, of Brod-
skius, of Rythabis and of Tharybis). A tooth-like knob
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Fig. 19. Byrathis sp., §:

A — posterior prosome and genital complex, dorsal; B— posterior prosome and genital complex, lateral; C — exopod
of antenna 2; D — praecoxal, coxal and proximal basal endites of maxilla 2; E — maxilla 2, sensory setae of proximal
basal endite and distal basal endite + ramus; F — syncoxa of maxilliped; G — leg 5. Scale lines 0.1 mm.

Puc. 19. Byrathis sp., §:

A — 3aHsIsT 9aCTh TPOCOMBI M TEHUTATBHBIN KOMIUIEKC, BUJ CO CITHHBI; B — 3a/IHss 4acTh MPOCOMBI U TEHUTANBHBIN
KOMIUIEKC, crpaBa; C — DK30MOAUT aHTEHHBI 2; D — MpeKoKcalbHbIe, KOKCAIBHbBIE W TIPOKCHMAIbHBIN 0a3aabHBII
SHIUTEl MakCHUTBl 2; E — Makcuiuia 2, CeHCOpHBIE MIETHHKH MPOKCHMAIBLHOTO 0a3albHOTO DHIMTA, AUCTAIBHOTO
6a3anbHOTO YHANTA U BeTBH; F — cuHKOKca Makcuiummeas; G — msras mapa zHor. Macmra6 0,1 mm.
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Fig. 20. Omorius atypicus gen.n., sp.n., §:

A — habitus, dorsal; B — habitus, right lateral; C — anterior cephalosome, right lateral; D — posterior prosome and
urosome, dorsal; E — posterior prosome and urosome, left lateral; F — antenna 1, articulating segments 1-13; G —
antenna 1, articulating segments 14-24. Scale lines 0.1 mm.

Puc. 20. Omorius atypicus gen.n., sp.n., ¢:

A — o0mmii BuI, BUA co crmHbl; B — o0mmit Bux, cnpasa; C — nepenuss yacth nedanocomsl, cpaBa; D — 3agmsist
4acTh MPOCOMBI U YPOCOMa, CO CIMHBI; E — 3aHss 9acTh IpOCOMBI U ypocoma, ciieBa; F — antenna 1, cBoOoHbIe
cermenTsl 1-13; G — anTeHHa 1, cBoOoaHbIe cerMenThl 14-24. Macmta6 0,1 mMm.

on the posterior face of the gnathobase of Mn is
reported only for Byrathis, but it is present on Scolec-
ithrix danae (unpublished observations of FDF), and
may be much more widespread among the bradford-
ian genera than has been reported.

Etymology. The generic name “Omorius” hon-
ors copepodologist Makoto Omori for his contribu-
tions to the taxonomy of calanoid copepods. Gender
masculine.

Type species: Omorius atypicus sp.n., by mono-

typy.

Omorius atypicus sp.n.
Figs. 20-23.

Specimens. Adult female holotype 1.57 mm
(USNM #1080965); prosome 1.28 mm, urosome 0.29
mm from eastern tropical Pacific Ocean 1—5 m above
Volcano 7, (dive 2146, D8, N8), 3022—3100m.

Habitus. Cephalosome and Pgl fused dorsally,
separate in lateral view; Pg4-5 fused dorsally, sep-
arate laterally; posterior corners of prosome as round-
ed lobes laterally (Fig. 20A, B, D-E); prosome 4.4
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Fig. 21. Omorius atypicus gen.n., sp.n., <:
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A — protopod and endopod of antenna 2; B — exopod of antenna 2; C — mandibular gnathobase, posterior; D —
mandibular gnathobase, proximal; E — basis of mandible; F — exopod and endopod of mandible; G — maxilla 1. Scale

lines 0.1 mm.
Puc. 21. Omorius atypicus gen.n., sp.n., <:

A — [pOTONOAMT M 3HAONOJUT aHTEHHbI 2; B — sk3omoaut anteHHsl 2; C — rHaro0a3a MaHAMOYIIbI, 3a/HSSA
MOBEPXHOCTh; D — rHaTo0a3za MananOyIibl, NpokcuManbHo; E — Ga3anbHblil uieHUK MaHanOyIsspHoro mynuka; F —
9K30IOIUT U FHJIONOJUT MaHMOyIsipHOro 1mynuka; G — makcmuia 1. Macmrad 0,1 M.

times longer than urosome. Genital complex with
small spinules dorsally and laterally; distal part of
spermathecae rounded (Fig. 20D-E).

Rostrum (Fig. 20C): without filaments.

Al (Fig. 20F, G): 24 articulated segments; seta-
tion: 3, 6+1, 1+1?2, 2, 3?2, 22, 27, 2432, 12,12, 2, 1,
2+1, 1,22, 12,22, 22,12, 1, 1+12, 1+1?2, 1+1?, 4.

A2 (Fig.21 A-B): coxa with 1 seta; basis with 2
setae. Ri 2-segmented; proximal segment with 2 set-
ae, distal with 14 (6 terminal and 8 sub-terminal
setae). Re 8-segmented with 1,3, 1,1, 1, 1, 1, 3 setae.

Mn (Fig. 21C-F): gnathobase with tooth-like
knob on posterior face and medial margin wide,
proximally to distally, with 9 teeth, 1 seta; basis
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Fig. 22. Omorius atypicus gen.n., sp.n., %:
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A — maxilla 2; B —, syncoxa of maxilliped; C — basis and endopod of maxilliped; D — basis and rami of swimming
leg 1, anterior; E — endopod of swimming leg 1, anterior. Scale lines 0.1 mm.

Puc. 22. Omorius atypicus gen.n., sp.n., ¢:

A — Makcuia 2; B — cunkokca MaKCHUJITHUIICOBI; C — Oa3ajJbHBII WICHUK U OHOOIIOJIUT MAKCHUIIIIUIICIBI, D —
0a3aJIbHBIN YIEHUK U BETBU HepBOi/’I apsbl INIaBATEIIBHBIX HOT, IEPEAHSA ITOBEPXHOCTD, E— OHOOIIOAUT nepBoﬂ apsbl
IIJIaBaTEJIbHBIX HOT, MEPEAHSS TOBEPXHOCTb. Macirad 0,1 MM.

with 3 setae. Ri 2-segmented, proximal segment
with 2 setae, distal with 9 setac. Re with 1, 1, 1, 1,
2 setae.

Mx1 (Fig. 21G): praecoxal endite with 4 poste-
rior setae and 9 terminal setae, 3" and 4" (2" and 3"
from proximal seta) thin and slightly curved; coxal
endite with 2 setae, coxal epipodite with 9 setae;

proximal basal endite with 2 setae; distal basal
endite with 3 setae; Ri articulating with basis, with
groups of 2 and 5 setae; Re with 4 setae.

Mx2 (Fig. 22A): proximal praecoxal endite with
4 setae; distal with 3 setae, 1 thick. Proximal coxal
endite with 3 setae, 1 thick, distal coxal endite with
3 setae, 1 thick. Proximal basal endite with 4 setae,
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Fig. 23. Omorius atypicus gen.n., sp.n., ¢:

A — coxa, basis and exopod of swimming leg 2, anterior; B — endopod of swimming leg 2, posterior; C — protopod,
proximal exopodal segment, and proximal and middle endopodal segments of swimming leg 3, posterior; D — middle
and distal exopodal segments of swimming leg 3; E — protopod, proximal exopodal segment, and proximal and middle
endopodal segments of swimming leg 4, posterior; F, leg 5. Scale lines 0.1 mm.

Puc. 23. Omorius atypicus gen.n., sp.n., ¢:

A — KoKca, 6a3abHbIH WICHHK H 9K30II0IUT BTOPOii aphl IIaBaTEIbHBIX HOT, HEPEIHssI IOBEPXHOCTh; B — sHponoaut
BTOPOU Mapsbl IJIaBaTENbHBIX HOT, 3aJHss MOBEPXHOCTh; C — MPOTONOANUT, NPOKCHMAIBHBIN WICHUK 9K30MOANTA U
HPOKCUMAJIBHBIA M CPEAHMII WICHHKH 3HJIONOJMUTA TPEThEil Maphl IIAaBAaTENbHBIX HOT, 3aHsS MOBEPXHOCTh; D —
CPEIHUI M JUCTAJIbHBIN YIEHUKH K30I10/IMTa TPEThEH Maphl IUIaBaTeIbHbIX HOT; E — mpoTonoauT, npoKcUMallbHbIi
YICHHUK 3K30I10/IUTa, ¥ IPOKCUMAIBHBIH U CPEJAHHN WICHUKH SHJIONOANTA YETBEPTON Maphl IIaBAaTEIbHBIX HOT, 3aIHSIS

HoBepxHOCTh; F — maTast mapa Hor. Macmra6 0,1 Mm.

1 thick, 1 worm-like. Distal basal endite + Re with 5
worm-like and 3 brush-like setae.

Mxp (Fig. 22B—C): praecoxal endites of syn-
coxa with 1, 2, 1 sclerotized setae; coxal endite with
3 setae. Basis with a row of small denticles proxi-
mally, 3 medial setae, 2 setae on distal endite. Ri of
5 articulated segments with 4, 4, 3, 3+1 and 4 setae.

P1 (Fig. 22D-E): coxa without seta; basis with
medial seta. Re 3-segmented, proximal with 1 later-

al seta, middle with 1 medial and 1 lateral seta,
distal with 3 medial, 1 terminal, 1 lateral seta; later-
al seta of proximal segment extends beyond base of
lateral seta of middle segment, lateral seta of middle
segment extends beyond base of lateral seta of ter-
minal segment. Ri 1-segmented, 3 medial and 2
terminal setae; Von Vaupel Klein’s organ with seta
of basis slightly curved, anterior knob of endopod
with denticles and lateral denticles distally.
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P2 (Fig. 23A-B): coxa with medial seta; basis
without seta, with a group of small denticles on
posterior surface near distal medial edge. Re 3-
segmented, proximal segment with 1 medial and 1
lateral seta, middle with 1 medial and 1 lateral seta,
distal with 4 medial, 1 terminal and 3 lateral setae.
Ri 2-segmented, proximal segment with 1 medial
seta, distal with 2 medial, 2 terminal and 1 lateral
setae; distal segment with denticles on posterior
surface, distal group with largest denticles.

P3 (Fig. 23C-D): coxa with medial seta; basis
without seta, with a group of denticles. Re 3-seg-
mented, proximal with 1 medial and 1 lateral seta,
middle with 1 medial and 1 lateral seta, distal with 4
medial, 1 terminal and 3 lateral setae; middle and
distal segments with denticles posteriorly. Ri 3-
segmented, proximal segment with 1 medial seta,
middle segment with 1 medial seta and denticles
posteriorly, distal segment missing.

P4 (Fig. 23E): coxa with medial seta; basis with-
out seta; coxa and basis with denticles posteriorly. Re
proximal segment with 1 medial and 1 lateral seta
and denticles posteriorly, remaining part of ramus
lost. Ri proximal segment with 1 medial seta, middle
segment with 1 medial seta, distal segment lost; prox-
imal and middle segments with denticles posteriorly.

PS5 (Fig. 23 F): 3-segmented all with denticles
posteriorly; distal segment (Re) with 1 long medial,
1 short lateral and 1 short subterminal setae and 1
terminal attenuation.

CR (Fig. 20D-E): 4 large, thick terminal setae,
1 small dorsal seta and 1 small medial ventral seta;
terminal setae broken.

Etymology. The species epithet “atypicus” is
given for atypical seta, which is heavily sclerotized,
on the distal praecoxal endite of maxilliped.

Rythabis Schulz, 1995

Remarks. The genus Rythabis, described by
Schulz in Schulz, Beckmann (1995), remains in-
completely known. Indistinctly separated groups of
setae on praecoxal endites of the syncoxa of the
maxilliped appears to be the only synapomorphy
shared by R. atlantica and the two new species
described here. Two species have 6 worm-like and 2
brush-like setae on the distal basal endite + ramus of
Mx2; 4 worm-like and 4 brush-like setae of the third
species may be a secondarily derived condition. The
praecoxal endites of the Mxp syncoxa bear 1, 2, 2
setae which is identical to many phaennid-like gen-
era. One worm-like seta on the middle praecoxal
endite and 1 brush-like seta on the distal praecoxal
endite is a combination shared by Puchinia, Brachy-
calanus, Parkius and Plesioscolecithrix. The exo-
pod of antenna 2 is 7-segmented with only 1 seta on
the elongate segment, similar to Parkius.
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Rythabis heptneri sp.n.
Figs. 24-25.

Specimens. Adult female holotype (USNM
#1080966) 1.00 mm (excluding CR); prosome 0.78
mm, urosome 0.22 mm (excluding CR) from eastern
tropical Pacific Ocean, near Kona, Island of Hawai;
pipe sample taken at depth 600 m, 6 July 1997.

Habitus (Fig. 24A). Adult female length 1.00
mm (CR lost); prosome 3.5 times longer than uro-
some. Cephalosome and Pgl, Pg4 and Pg5 separate;
posterior corners of prosome rounded laterally (Fig.
24B); genital somite narrowing slightly at midlength
(Fig. 24B, C); asymmetrical with bump on right
slightly more pronounced than bump on left.

Rostrum (Figs. 24F, 25A): without filaments.

Al: broken.

A2 (Fig. 25B, C): coxa with 1 seta; basis with 2
setae. Ri 2-segmented, proximal segment with 1
seta, setaec missing from distal segment. Only 4
segments retained on Re, setae lost.

Mn (Fig. 25D, E): gnathobase with 6 teeth and 1
seta; basis with 2 setae. Ri 2-segmented, proximal
segment with 2 setae, distal with 9 setae. Re with 1,
1,1, 1, 2 setae.

Mx1 (Fig. 25F): praecoxal endite with 10 termi-
nal and 4 posterior setae; coxal endite with 4 setae,
coxal epipodite with 9 setae; proximal basal endite
with 4 setae; distal basal endite fused to Ri; setae of
distal basal endite indistinguishable from those of
Ri, 11 setae total. Re with 4 setae.

Mx2 (Fig. 25G): proximal praecoxal endite with
4 setae; distal with 3 setae, 1 recurved; proximal and
distal coxal endite with 3 setae, 1 recurved on each
endite; proximal basal endite with 4 setae, 1 thick, 1
worm-like. Distal basal endite + ramus with 4 worm-
like and 4 brush-like (2 short, thick brush-like and 2
longer, thin brush-like) setae.

Mxp (Fig. 25H): setae on praecoxal endites of
syncoxa not well-separated, with 1 (worm-like seta),
2 (1 worm-like seta), 2 (1 brush-like seta); coxal
endite with 3 setae. Basis and Ri lost.

P1 (Fig. 25I): coxa without seta; basis with
medial seta. Re 3-segmented, proximal with 1 later-
al seta, middle with 1 medial and 1 lateral seta,
distal with 3 medial, 1 terminal and 1 lateral setae;
lateral seta on proximal segment does not extend
beyond base of lateral seta of middle segment; later-
al seta on middle segment extends beyond the base
of lateral seta of terminal segment. Ri 1-segmented
with 3 medial and 2 terminal setae; Von Vaupel
Klein’s organ with basal seta curved around anteri-
or face of Ri; Ri without anterior knob or denticles.

P2: coxa with medial seta; basis without seta,
denticles on posterior surface of coxa and basis.

P3: coxa with medial seta; basis without seta;
coxa and basis with denticles posteriorly.
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Fig. 24. Rythabis heptneri sp.n., §:

A — habitus, left lateral; B — posterior prosome and urosome, right lateral; C — urosome, dorsal; D — genital
complex, left lateral; E — genital complex, ventral; F — anterior cephalosome, left lateral; G— leg 5, posterior. Scale
lines 0.1 mm.

Puc. 24. Rythabis heptneri sp.n., §:

A — o0mmii Buj cieBa; B — 3amHsis 9acTh MpOcOMBI U ypocoma, crpaBa; C — ypocoma, BHJI €O CIUHB; D —
TEHUTAIBHBIA KOMIUIEKC ClieBa; E — TeHUTaIbHBIM KOMIUIEKC, BUJ ¢ OPIONIHON CTOpOHBI, F — mepennsis dacts
nedanocoMsl cieBa; G — msTast mapa Hor, 3a/Hsisl MoBepXHOCTh. Macitab 0,1 M.
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Fig. 25. Rythabis heptneri sp.n., $:

A — anterior cephalosome, ventral; B — protopod and endopod of antenna 2; C — exopod of antenna 2, 4 proximal
segments; D — mandibular gnathobase, posterior; E — mandibular palp; F — maxilla 1; G — maxilla 2; H— syncoxa
of maxilliped; I — swimming leg 1, anterior. Scale lines 0.1 mm.

Puc. 25. Rythabis heptneri sp.n., §:

A — mepenHsisi 4acTh 1e(aroCoOMBI, BIJ ¢ OPIONIHOM CTOpOHBI; B — mporomoaut u sHxonoaut anrenHsl 2; C —
9K30II0IUT aHTeHHbI 2; D — raaro6a3za MaHANUOYIIBI, 38 1HSSI TOBEPXHOCTH; E — mrynuk manauOyisr, F — makcmuna 1;
G — makcmia 2; H — cuHKOKCca MakCHJUIMIIE/bI; | — mepBasi mapa IIaBaTelibHbIX HOT, HEPEeIHSS TOBEPXHOCTb.
Macmira6 0,1 mm.
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P4: coxa with medial seta; basis without seta;
coxa and basis with denticles posteriorly.

PS5 (Fig. 24G): 3-segmented; distal segment (Re)
with 1 long medial, 1 short lateral and 1 short
subterminal setae, and 1 terminal attenuation.

CR: missing.

Etymology. The species name “heptneri” hon-
ors copepodologist Mikhail Vladimirovich Heptner
for his contributions to the taxonomy of calanoid
copepods. Gender masculine.

Remarks. Rythabis heptneri differs from R. at-
lantica and R. schulzi as follows: distal basal endite
+ ramus of Mx2 with 4 worm-like and 4 brush-like
setae (6 worm-like setae and 2 brush-like setae in R.
atlantica and R. schulzi); Mx1 with 11 setae on
basis + Ri (17 inR. atlantica, 13 in R. schulzi); basis
of Mx1 fused to Ri (separate in R. atlantica); and
basal seta of P1 strongly curved around anterior
face of endopod (curved over the anterior knob on
endopod of R. atlantica).

Rythabis schulzi sp.n.
Figs. 26-28.

Specimens. Adult female holotype 1.35 mm
(USNM #1080967); prosome 0.99 mm, urosome 0.36
mm, from eastern tropical Pacific Ocean 1—5 m above
Volcano 7, (dive 2146, D8, N4), depth 3022—3100 m.

Habitus. Adult female length 1.35 mm. Prosome
2.75 times longer than urosome. Cephalosome and
Pgl separate; Pg4 and Pg5 separate; posterior cor-
ners of prosome rounded laterally. Genital complex
symmetrical in ventral view (Fig. 26C); with a ven-
tral anterior and posterior bump in lateral view (Fig.
26A, B).

Al: 24 articulating segments.

A2: coxa with 1 seta; basis with 2 setae. Ri 2-
segmented, proximal segment with 1 setae, distal
segment with 7 setae on subterminal lobe. Re 7-
segmented with 1, 1, 1, 1, 1, 1, 3 setae.

Mn: gnathobase with 6 well-incised teeth and a
seta; basis with 2 setae. Ri 2-segmented, proximal
segment with 2 setae, distal with 9 setae. Re with 1,
I, 1,1, 2 setae.

Mx1 (Fig. 28A): praecoxal endite with 9 termi-
nal and 4 posterior setae; coxal endite with 5 setae,
coxal epipodite with 9 setae; proximal basal endite
with 4 setae; distal basal endite fused to Ri with
groups of 4 and 9 setae. Re with 5 setae.

Mx2 (Fig. 27A-B): proximal praecoxal endite
with 4 setae; distal with 3 setae. Proximal coxal endite
with 3 setae, distal with 3 setae. Proximal basal endite
with 4 setae, 1 thick and straight, and 1 worm-like.
Distal basal endite + ramus with 6 worm-like setae (3
shorter and 3 longer) and 2 brush-like setae.

Mxp (Fig. 27C-D): syncoxa with several areas
of denticles anteriorly; groups of setae on praccoxal
endites of syncoxa not well-separated, with 1 (worm-
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like seta), 2 (1 worm-like seta), 2 (1 brush-like
seta); coxal endite with 3 setae. Basis with 3 setae in
the middle and 2 setae distally. Ri with 4, 4, 3, 3+1
and 4 setae.

P1 (Fig. 28B-C): coxa without seta; basis with
medial seta. Re 3-segmented, proximal segment with
1 lateral seta, middle segment with 1 lateral seta and
1 medial seta; distal segment with 2 lateral, 1 termi-
nal and 3 medial setae; lateral seta of proximal
segment extends well beyond base of lateral seta of
middle segment; lateral setae of middle segment
extends well beyond base of lateral seta of distal
segment. Ri 1-segmented with 3 medial and 2 termi-
nal setae; organ of Von Vaupel Klein as curved
basal seta and anterior knob of endopod with prox-
imal denticles.

P2: coxa with medial seta; basis without seta,
denticles on posterior surface of coxa and basis. Re
3-segmented, proximal with 1 medial and 1 lateral
seta, middle with 1 medial and 1 lateral seta, distal
with 4 medial, 1 terminal and 3 lateral setae; middle
and distal segments with denticles posteriorly. Ri 2-
segmented, proximal with 1 medial seta, distal with
2 medial, 2 terminal and 1 lateral setae; both seg-
ments with denticles on posterior surface.

P3 (Fig. 28D): coxa with medial seta; basis with-
out seta; coxa and basis with denticles posteriorly. Re
3-segmented, proximal segment with 1 medial and 1
lateral seta, middle with 1 medial and 1 lateral seta,
distal with 4 medial, 1 terminal and 3 lateral setae;
distal segment with denticles posteriorly. Ri proxi-
mal segment with 1 medial seta, middle segment with
1 medial seta, distal with 1 lateral, 2 terminal and 2
medial setae; all segments with denticles posteriorly.

P4 (Fig. 28E): coxa with medial seta; basis with-
out seta; coxa and basis with denticles posteriorly. Re
3-segmented, proximal segment with 1 medial and 1
lateral seta, middle with 1 medial and 1 lateral seta,
distal with 4 medial, 1 terminal and 3 lateral setae; all
segments with denticles posteriorly. Ri proximal seg-
ment with 1 medial seta, middle segment with 1
medial seta, distal with 1 lateral, 2 terminal and 2
medial setae; all segments with denticles posteriorly.

PS5 (Fig. 28F): 3-segmented, distal segment (Re)
with 1 long medial, 1 shorter lateral and 1 long
subterminal seta and an unarticulated attenuation.

CR: 4 large, thick terminal setae, 1 small dorsal
seta and 1 small medial ventral seta; terminal setae
broken.

Etymology. The species name “schulzi” honors
copepodologist Knud Schulz for his contributions
to the taxonomy of calanoid copepods. Gender mas-
culine.

Remarks. In the available specimen of Rythabis
schulzi, the left A1 is missing; right nearly as long
as prosome and identical to Al of R. atlantica.
Rythabis schulzi differs in the following characters
from R. atlantica and R. heptneri: Mx1 distal basal
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Fig. 26. Rythabis schulzi sp.n., §:

153

)

Ss 25

A — posterior prosome and urosome, right lateral; B — genital complex, right lateral; C — genital complex, ventral.

Scale lines 0.1 mm.

Puc. 26. Rythabis schulzi sp.n., §:

A— 3aiHs 4aCTh IIPOCOMBI M ypocOoMa CIipaBa; B — reHUTAIBHBIN KOMILIEKC CIipaBa; C — TCHUTAIBHBIA KOMILJIEKC

¢ OpromHO# cToponsl. Macmirad 0,1 mm.

endite plus Ri with 13 setae (17 setae on R. atlanti-
ca, 11 on R. heptneri); P1 lateral setae of proximal
and middle segments extending beyond base of
lateral seta of middle and lateral seta of distal seg-
ment, respectively, (R. atlantica not true for either
seta; R. heptnerinot true for lateral seta of proximal
segment). Rythabis schulzi differs in the following
characters from R. atlantica: Mx1 exopod with 5
setac (4 setac in R. atlantica); Ri fused to basis
(separate in R. atlantica). Rythabis schulzi differs in
the following characters from R. heptneri: distal
basal endite + ramus of Mx2 with 6 worm-like setae
and 2 brush-like setae (4 worm-like and 4 brush-
like setac on R. heptneri); P1 seta of basis less
curved than in R. heptneri; endopod with denticles
(R. heptneri without denticles).

Discussion

Calanoid copepods belonging to bradford-
ian genera possess two kinds of poorly-sclero-
tized, chemosensory setae on the distal endite of
the basis and ramus of maxilla 2; many species
also have such setae on the praecoxal endites of
the maxilliped. Most bradfordian species are
members of the Scolecitrichidae (about 200 nom-

inal species in 25 genera) or the Phaennidae
(about 110 nominal species in eight genera), and
most of these species are pelagic. Species of
Tharybidae (about 50 nominal species in five
genera), Diaixidae (about 10 nominal species in
two genera) and Parkiidae (one species in one
genus) have been collected in waters immediate-
ly above the sea bed. Giesbrecht (1892) diag-
nosed the first of these families, Scolecitrichidae.
When Diaixidae, Phaennidaec and Tharybidae
were established, Sars (1902) placed Scolecitri-
chidae and Phaennidae in a different taxonomic
section than Diaixidae and Tharybidae, imply-
ing two separate monophyletic lineages for cal-
anoids with these chemosensory setae. Flem-
inger (1957) proposed the four families were
closely related, in part based on the chemosen-
sory setae. However, Fleminger also noted that
it was difficult to separate species of Scolecitri-
chidae from those of Tharybidae, and recent
attempts at family placement of Cenognatha,
Neoscolecithrix, Rythabis and Xantharus exem-
plify the problem (Table 3). More recently, An-
dronov (2002) questioned the validity of both
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Fig. 27. Rythabis schulzi sp.n., §:

A — praecoxa and coxa of maxilla 2; B — basis and ramus of maxilla 2; C — syncoxa of maxilliped; D — basis and
endopod of maxilliped. Scale lines 0.1 mm.

Puc. 27. Rythabis schulzi sp.n., §:

A — 1pekokca ¥ KOKca MakCHILIbI 2; B — 0a3alibHbIi SHIUT U BETBb MAaKCHILIBI 2; C — CHHKOKCA MaKCHJUIUIICIBI;
D — Ga3saibHBIN YIEHUK W DHAOMOAMT Makcuuneasl. Macmrab 0,1 M.
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Fig. 28. Rythabis schulzi sp.n., §:

A — maxilla 1; B — swimming leg 1, anterior; C — distal section of basis and endopod of swimming leg 1, anterior;
D — swimming leg 3, posterior; E — swimming leg 4; F — distal segment, exopod of leg 5. Scale lines 0.1 mm.
Puc. 28. Rythabis schulzi sp.n., §:

A — makcwuta 1; B — nepBasi mapa IiaBaTeNbHbIX HOT, MEpeiHsisi TOBEpXHOCTh; C — JicTallbHas 4acTh 0a3aibHOro
YICHHKA U SHIOIOANT TIEPBOM Maphl IUIaBAaTEIIBHBIX HOT, IIEPE/HSSI OBEPXHOCTh; D — TpeThs mapa IuiaBaTelbHbIX HOT,
3a/IHsIs TOBEPXHOCTB; E — 4eTBepras mapa IuiaBaTelbHbIX HOT; F — JIMCTaIbHBIA CerMeHT, K30M0/(UT HSTOM Maphl HOT.
Macmra6 0,1 mm.
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Tharybidae and Diaixidae: “Attempts to deter-
mine unique diagnostic characters for Diaixidae
and Tharybidae, that were absent in Scoleci-
thrichide (sic), proved unsuccessful; the existing
diagnostic characters of the two former families
are not sufficient to separate them from Scoleci-
thrichide (sic)” (Andronov, 2002: 2). In the same
publication, he elaborated: “Recently conducted
researches of Diaixidae repre-sentatives (Grice,
Hulsemann, 1970; Andronov, 1979, present pub-
lication) demonstrated that nearly all their char-
acters (i.e. of diaixids) are also found in family
Scolecitrichidae (see, for example, Scolecitri-
chidae definition in Bradford (1973). This con-
cerns also partial reduction of some oral parts in
males of some species, and presence of typical
to Scolecitrichidae composition of modified sen-
sory setac on females Mx2 (3 worm-like, 5 brush-
like). Other distinguishing characters are also
found in this or that species of later family,
excluding, probably, relatively large male PS5,
typical for Diaixis species (but this is qualitative
character). Anawekia species so slightly differ
from Diaixis species, especially in peculiar mor-
phological characters of males’ specialized PS5,
that, probably, in future these genera will be
considered synonymous.” (Andronov, 2002: 9—
10, translated from the Russian).

With an increasing number of surveys of
the deep-sea and particularly of waters imme-
diately above the deep-sea floor, number of
species with morphologically diverse chemosen-
sory setae has increased significantly, resulting
in several new taxa (Andronov, 1981; Park,
1983a; Vyshkvartzeva, 1989b, 2000, 2001;
Schulz, Beckmann, 1995; Ferrari, Markhase-
va, 1996; Ferrari, Markhaseva, 2000b, c; Vy-
shkvartzeva, 2000; Bradford-Grieve, 2001; Vy-
shkvartzeva, 2001; Markhaseva, 2002;
Markhaseva, Schnack-Schiel, 2003; Markhase-
va, Dahms, 2004). The most recent bradfordian
family, Parkiidae was considered monotypic at
the time of the discovery of Parkius karenwish-
neri Ferrari and Markhaseva, 1996; the diagno-
sis was based on setation patterns of maxilla 2
and the maxilliped, and the epicuticular exten-
sions of Von Vaupel Klein’s organ. The four
other bradfordian families continue to be diag-
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nosed using incomplete analyses of the number
and morphology of the chemosensory setae on
maxilla 2 (Bradford et al., 1983, Boxshall, Hal-
sey, 2004). Observations of these transformed
setae on maxilla 2 do not permit assignment of
particular setae to the distal endite of the basis or
to the presumably multi-segmented ramus, so
that homologous setae cannot be identified among
different species. This problem of setal homo-
logues on maxilla 2 presents a significant obsta-
cle to the analysis of bradfordian species. Re-
cently, Ferrari and Markhaseva (2005) show
that within the genus Tharybis, the number and
kinds of sensory setae on the distal basal endite
plus ramus of maxilla 2 exhibits the following: 3
worm-like setae, 5 brush-like setae and 1 sclero-
tized; 3 worm-like setae and 6 brush-like setae;
3 worm-like setae and 5 brush-like setae. This
variability further suggests that the number and
kinds of sensory setae on the distal basal endite
plus ramus of maxilla 2 alone is not adequate to
diagnose the bradfordian families, or to separate
bradfordian genera with similar numbers and
kinds of sensory setae (Ferrari and Markhaseva,
2000c: 1087).

Misplaced emphasis on the chemosensory
setae of maxilla 2 in diagnoses of bradfordian
families and the underexploration of waters
immediately above the deep-sea floor have com-
promised contemporary understanding of rela-
tionships among their constituent genera. In the
following analysis, two other characters are
considered to have affected the evolution of
bradfordian families: number and morphology
of the setae on the praccoxal endites of the
maxilliped; setation and arthrodial membranes
on the exopod of antenna 2. The following is an
analysis of these characters.

The loss and/or transformation of setae to
the praecoxal endites of syncoxa of the maxil-
liped recently has been suggested as important
to the evolutionary history of the bradfordian
families (Ferrari, Markhaseva, 2000c: 1087).
Earlier, Ohtsuka et al. (1998: 801) did not con-
sider this character diagnostically useful: “Since
the number and structure of sensory setac on
the Mxp syncoxa vary among congeners, these
are not regarded as a diagnostic character”; nor
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Table 3. Family placement of Cenognatha, Neoscolecithrix, Rythabis and Xantharus in recent publica-

tions.

Ta6imuna 3. CucremaTHdeckoe nonoxenue ponos Cenognatha, Neoscolecithrix, Rythabis u Xantharus B

Hy6J'II/IKaIII/I$IX MOCJICAHUX JICT.

Original placement Bradford-Grieve | Vyshkvartzeva | Ohtsuka, Boxshall Boxshall &
2 P 2001, 2004 2000,2001 | & Fosshagen 2003 | Halsey 2004
Cenognatha Bradford-Grieve
Th i - lecitrichi lecitrichi
2001: Tharybidae arybidae Scolecitrichidae | Scolecitrichidae
Neoscolecithrix 1896 not
C.a nu 1896 no_ Tharybidae Scolecitrichidae | Scolecitrichidae | Scolecitrichidae
assigned to family
Rythabis Schulz, Beckmann
Th i - lecitrichi lecitrichi
1995: Tharybidae arybidae Scolecitrichidae | Scolecitrichidae
Xantharus A 1981:
ndnonov. o Tharybidae Scolecitrichidae | Scolecitrichidae | Scolecitrichidae
Phaennidae

did Vyshkvartzeva (2000: 237) consider its
value for diagnoses: “Hence, in contrast to the
permanent composition of the sensory setae on
the distal segments of Mx2 endopod, the num-
ber of sensory setae on the Mxp protopod can-
not be used as a diagnostic character in Sco-
lecitrichidae and some other Bradfordian fami-
lies”. However, Ohtsuka et al. (2003: 62) men-
tioned the setation of the third syncoxal endite
(our distal praecoxal endite) in defining the
Scolecitrichidae with “third syncoxal endite of
Mxp represented by a single setal element,
usually a brush-like sensoriform setae”. As-
signment of setae to each of the three praccoxal
endites usually is unequivocal except for spe-
cies of Rythabis in which assignment of setae
to endites are problematical because all setae
on these endites appear to originate close to the
proximal arthrodial membrane.

The ancestral bradfordian calanoid is as-
sumed to have had 1, 2, and 3 sclerotized,
mechanosensory setae on the proximal, middle
and distal praccoxal endites, respectively of the
syncoxa of the maxilliped (Fig. 29C) (Vaupel
Klein, Rijerkerk, 1997). The first transforma-
tion to the praecoxal endites is assumed to have
been the loss of one sclerotized seta from the
distal endite (Fig. 29D), and the second trans-
formation is assumed to have been the loss of a
second sclerotized seta from that endite (Fig.

29E). Here, loss of a sclerotized seta is equiva-
lent to a single transformation. Subsequently,
one sclerotized seta on each of the three endites
may be transformed into to a worm-like,
chemosensory seta. A brush-like seta, often
present on the distal endite, is assumed to be
derived from a worm-like seta (Ohtsuka et al.,
1998), rather than directly from a sclerotized
seta, so that presence of a brush-like seta repre-
sents two transformations.

The exopod of antenna 2 of the ancestral
bradfordian calanoid (Fig. 30A) is assumed to
have had a proximal segment with a medial
seta, followed by a long segment with three
medial setae arranged linearly. Four short seg-
ments each with one long, thick seta were fol-
lowed by an elongate segment with its medial
seta at mid-length. A small, distal segment with
three terminal setae completes the ramus. This
exopod is assumed to have been derived from a
10-segmented exopod of the ancestral calanoid;
nine segments, each with a single medial seta
and of similar size, was followed by a distal
segment with three terminal setae (see Ferrari
and Markhaseva (2000a)). Here, the long seg-
ment with three medial setae of the bradfordian
ancestor is assumed to be a complex of three
segments; each represented by its medial seta
but two lack a distal arthrodial membrane. The
exopod of antenna 2 of calanoids is patterned
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during the naupliar phase of development from
an area immediately distal to the proximal seg-
ment so that the proximal seta of the long seg-
ment is the last structure formed (unpublished
observations of nauplii of Calanus finmarchi-
cus (Gunnerus, 1770)). A proximal-to-distal
loss of setae on the long segment, followed by
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loss of the arthrodial membrane between the
long segment and the proximal of the four small
segments, is assumed here to represent the pro-
gessive transformation of the exopod affected
simply by a progressively earlier truncation of
development. From this model, an exopod for
which a medial seta is absent from the proximal
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segment is the first derived state, followed by
one in which the proximal seta of the long seg-
ment complex fails to form (Fig. 30B), and then
a long segment complex in which the proximal
and middle setae fail to form (Fig. 30C). Further
transformations are a long segment complex in
which no setae are present (Fig. 30E), or one in
which the distal arthrodial membrane of the long
segment complex fails to form (Fig. 30D), and
finally a long segment on which both distal seta
and distal arthrodial membrane fail to form so
that the long segment is composed of four seg-
ments with one distal seta.

The ancestral bradfordian calanoid is as-
sumed to have had nine setae on the distal
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endite of the basis plus ramus of maxilla 2
(Ferrari, Markhaseva, 2000, Vyshkvartzeva,
2001, Ohtsuka et al., 2003) because no more
than nine sclerotized setae are present on any
species in the superfamily Clausocalanoidea
(Park, 1978; Vaupel Klein, Rijerkerk, 1997;
Schulz, Markhaseva, 2000) (Table 4). Follow-
ing the transformation series proposed for syn-
coxal setae of the maxilliped (above), 1 sclero-
tized seta plus five worm-like setae and 3 brush-
like setae on the distal endite of the basis plus
ramus of maxilla 2, as is present in Neoscolec-
ithrix japonica Ohtsuka, Boxshall, Fosshagen,
2003, represents 11 transformations among the
nine originally sclerotized setae, and is the least

Fig. 29. Ancestral condition of setation of praecoxal endites of the maxilliped syncoxa for various
bradfordian genera (source of observations in brackets):

A — Brodskius (here); B— Undinella (von Vaupel Klein, 1970); C — Grievella (Ferrari, Markhaseva, 2000c), Tharybis
(Ferrari, Markhaseva, 2005); D — Phaennocalanus (Markhaseva, 2002); E — Archescolecithrix (Vyshkvartzeva,
1989a), Omorius (here); F — Byrathis (here); G — Falsilandrumius (Vyshkvartzeva, 2001), Xantharus (Schulz 1998);
H, Cephalophanes (Park, 1983b), Cornucalanus (Park, 1983b), Onchocalanus (Park, 1983b), Phaenna (Park, 1983b),
Talacalanus (Park 1983b for Xanthocalanus greeni), Xanthocalanus (Markhaseva, 1998); I — Amallothrix (Park, 1970
for Scolecithricella lobophora), Lophothrix (Park, 1983a), Mixtocalanus (Vyshkvartzeva, 1989a), Racovitzanus (Park,
1983a), Scopalatum (Ferrari, Steinberg, 1993); J — Cenognatha (Hulsemann, 1985), Neoscolecithrix (Bradford-
Grieve, 2001); K — Plesioscolecithrix (Markhaseva, Dahms, 2004); L — Parascaphocalanus (Vyshkvartzeva, 2001),
Scolecitrichopsis (Vyshkvartzeva, 2000); M — Diaixis (Ferrari, Markhaseva, 1996); N — Tharybis minor (Schulz,
1981); O — Brachycalanus (Ferrari, Markhaseva, 2000b), Parkius (Ferrari, Markhaseva, 1996), Puchinia (holotype,
original observations), Rythabis (Schulz in Schulz, Beckmann, 1995); P — Macandrewella (Ohtsuka et al. , 2002),
Pseudoamallothrix (Vyshkvartzeva, 2000), Scolecithricella (Park, 1980), Scottocalanus (Park, 1983a); Scaphocalanus
(Park, 1982), Scolecithrix (Park, 1983a); Q — Landrumius (Park 1983a). Simple line is a sclerotized seta; stippled
enclosure is a worm-like seta; dark enclosure is a brush-like seta; number to left of syncoxal block indicates the number
of transformations from praecoxal endites with 1, 2, 3 sclerotized setae, the condition which is ancestral for bradfordian
genera.

Puc. 29. Tun BoopyKeHHsS MPEKOKCATBHBIX YHAUTOB CHHKOKCHI MAaKCHJUTHIIEIB! JJIS PA3IUYHBIX POJIOB
«Op3aOPIOBCKUX» CEMEUCTB (B KaXIOM POJe BBIOMpacs HanOoaee NMPUMHUTHBHBINA THIT BOOPYKEHHS U3
M3BECTHBIX AJIS POJIa, HICTOYHUK HH(POPMALINU YKa3aH B CKOOKaX):

A — Brodskius (here); B— Undinella (von Vaupel Klein, 1970); C — Grievella (Ferrari, Markhaseva, 2000c), Tharybis
(Ferrari, Markhaseva, 2005); D — Phaennocalanus (Markhaseva, 2002); E — Archescolecithrix (Vyshkvartzeva,
1989a), Omorius (here); F — Byrathis (here); G — Falsilandrumius (Vyshkvartzeva, 2001), Xantharus (Schulz 1998);
H — Cephalophanes (Park, 1983b), Cornucalanus (Park, 1983b), Onchocalanus (Park, 1983b), Phaenna (Park,
1983b), Talacalanus (Park 1983b for Xanthocalanus greeni), Xanthocalanus (Markhaseva, 1998); I — Amallothrix
(Park, 1970 for Scolecithricella lobophora), Lophothrix (Park, 1983a), Mixtocalanus (Vyshkvartzeva, 1989a),
Racovitzanus (Park, 1983a),Scopalatum (Ferrari, Steinberg, 1993); ] — Cenognatha (Hulsemann, 1985),Neoscolecithrix
(Bradford-Grieve, 2001); K—Plesioscolecithrix(Markhaseva, Dahms, 2004); L —Parascaphocalanus(Vyshkvartzeva,
2001), Scolecitrichopsis (Vyshkvartzeva, 2000); M — Diaixis (Ferrari, Markhaseva, 1996); N — Tharybis minor
(Schulz, 1981); O — Brachycalanus (Ferrari, Markhaseva, 2000b), Parkius (Ferrari, Markhaseva, 1996), Puchinia
(holotype, original observations), Rythabis (Schulz in Schulz, Beckmann, 1995); P — Macandrewella (Ohtsuka et al.,
2002), Pseudoamallothrix (Vyshkvartzeva, 2000), Scolecithricella (Park, 1980), Scottocalanus (Park, 1983a);
Scaphocalanus (Park, 1982), Scolecithrix (Park, 1983a); Q — Landrumius (Park 1983a). HenpepsiBHOU JInHHEH
0003HaYeHa CKICPOTU3MPOBAHHAS IIETHHKA; 3alITPUXOBAHHON YEPBEBH/IHAs CEHCOPHAsI IETHHKA; 3aJIUTOIl YePHBIM
KHCTOYKOBH/IHASI CEHCOPHas IeTHHKa. L{ipsI ciieBa ot H300pakeHHIi CHHKOKCHI 0003HAYar0T YKCIIO IIPe0Opa3oBaHmil
LIETHHOK MPEKOKCAJIBHBIX SHUTOB MaKCHJUIMIIE/B OT HanOoJee IIPUMUTHBHOTO JUIsl TPYIIIBI POJIOB «Op3adoproBe-
Kux» cemeicTB tuna (1, 2, 3 CKIEpOTU3NPOBAHHBIC IIETHHKN).
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Fig. 30. Ancestral condition of setation and segmentation of exopod of antenna 2 for various bradfordian
genera; sources as for Fig. 29:

A — Puchinia*, Omorius, Neoscolecithrix, Byrathis, Cenognatha, Diaixis; B — Grievella; C — Amallothrix,
Brachycalanus, Macandrewella, Parascaphocalanus, Pseudoamallothrix, Scaphocalanus, Scopalatum, Scolecithricella,
Scottocalanus, Xantharus; D — Archescolecithrix, Falsilandrumius, Mixtocalanus, Onchocalanus, Scolecithrix*,
Racovitzanus; E — Tharybis, Talacalanus, Xanthocalanus, Plesioscolecithrix, Scolecithrichopsis, Undinella; F —
Phaennocalanus, Landrumius, Phaenna, Cephalophanes, Cornucalanus, Rythabis, Parkius, Lophothrix*, Brodskius.
(* seta may be absent on long (penultimate) segment). Proximal segment is on the left followed by the long segment,
which is a complex; the elongate penultimate segment is adjacent to the distal segment which is on the right. Simple line
is a sclerotized seta, two vertical dashes indicates position of an arthrodial membrane which has failed to form; number
sequence below drawing indicates setae present on ancestral segments, comma represents an arthrodial membrane, dash
represents absence of an arthrodial membrane.

Puc. 30. Tun Boopy KeHHs K300 IUTA AHTECHHBI 2 [Is Pa3InYHbIX POAOB «Op31hOPIOBCKUX» CEMEHCTB (B
KaXJIOM poJie BBIOHpasicsi Hanboiee MPUMUTHBHBIM THII BOOPY>KEHHS U3 U3BECTHBIX I PO/a, UCTOYHUKH
HHPOPMALIUH T€ XK€, 4TO U I PUCYHKa 29):

A — Puchinia*, Omorius, Neoscolecithrix, Byrathis, Cenognatha, Diaixis; B — Grievella; C — Amallothrix,
Brachycalanus, Macandrewella, Parascaphocalanus, Pseudoamallothrix, Scaphocalanus, Scopalatum, Scolecithricella,
Scottocalanus, Xantharus; D — Archescolecithrix, Falsilandrumius, Mixtocalanus, Onchocalanus, Scolecithrix*,
Racovitzanus; E — Tharybis, Talacalanus, Xanthocalanus, Plesioscolecithrix, Scolecithrichopsis, Undinella; F —
Phaennocalanus, Landrumius, Phaenna, Cephalophanes, Cornucalanus, Rythabis, Parkius, Lophothrix*, Brodskius.
(* meEeTHHKAa MOXET OTCYTCTBOBATH HA JUIMHHOM (MpeanocienHem) wieHuke). [IpOKCHMaBHBIN YIEHHK - KpalHMit
ClIeBa, 332 HUM CJIELYeT [UIMHHBIM WICHHK, KOTOPBIN SBISIETCS KOMIUICKCOM YICHHKOB; 3@ JUIMHHBIM IPEANOCIIC/IHUM
YJICHUKOM CJIEyeT JUCTAIBHBIN WieHHK (crpaBa). HerpepbIBHOM JInHKEH 0003HaAYE€HA CKIEPOTH3UPOBAHHAS IIETHHKA,
MYHKTHP 0003HAYAaET MECTO HEC(HOPMUPOBABIIEHCS MEKCETMEHTHON Meperopoaku. [1ocien0BaTeIbHOCTD YHCEN IO
KaXIbIM H300paXkeHHeM 00O03HAYaeT IETHHKUA COOTBETCTBYIOIIETO AHIECTPAIBHOIO WICHHKA, 3aIsATas 0003HAYaeT
HaJIMYHE MEKCErMEHTHO! MeperopoKy, THpe 0003HaYaeT OTCYTCTBUE MEKCETMEHTHOMN IIEPErOPOJIKH.
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number of transformations among extant brad-
fordian species. Loss of either a sclerotized
seta or a worm-like seta from the distal endite
of the basis, resulting in eight setae, is assumed
to have occurred early in the evolution of the
group. Failure of formation of any seta is equiv-
alent to a single transformation step; however,
a sclerotized seta or a worm-like chemosensory
seta is much more likely to fail to form than is a
brush-like seta due to the latter’s greater com-
plexity (Nishida, Ohtsuka, 1997).

In the following analysis, the least derived
condition is assigned to a genus exhibiting vari-
able states of any character. For example, three
different states for the exopod of antenna 2 of
Byrathis are described above: 1, 1-1-1, 1, 1, 1,
1,1,3;1,1-1-1-1,1, 1,1, 1, 3; 1, 1-1-1, 1- 1, 1,
1, 1, 3. The first state in which seven arthrodial
membranes are present is considered the state
of the ancestral Byrathis. In addition, transfor-
mations of sclerotized setae on the praecoxal
endites of the maxilliped are assumed to pre-
cede changes to the exopod of antenna 2 in all
cases. Changes to individual setae of the distal
basal endite and ramus of maxilla 2 are as-
sumed to have been the last to occur during the
evolutionary history of bradfordian species.

Loss of one sclerotized seta to the distal
praecoxal endite of the maxilliped, followed by
the loss of a second sclerotized seta to the same
endite results in an ancestral group and two
major derived lineages (Fig. 31). The ancestral
group retains 1, 2, 3 setae, respectively, on the
proximal, middle and distal praecoxal endites.
Byrathis, Diaixis, Xantharus, Falsilandrumius,
Landrumius, Neoscolecithrix and Cenognatha
share a sensory seta on the distal praecoxal
endite of the maxilliped. Grievella and Thary-
bis are without a seta on the proximal segment
and a proximal seta on the long segment com-
plex of the exopod of antenna 2. Brodskius is
derived by loss of the seta on the proximal
praecoxal endite of the maxilliped.

Most genera of the first monophyletic lin-
eage, with 1, 2, 2 setae on the praccoxal endites
of the syncoxa of the maxilliped, previously
have been placed in the family Phaennidae.
Phaennocalanus retains a sclerotized setae on
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all praccoxal endites; the remaining genera share
a brush-like seta on the distal praccoxal endite.
Plesioscolecithrix, Puchinia, Brachycalanus,
Rythabis, and Parkius share a worm-like seta on
the middle praccoxal endite of the maxilliped.
Cornucalanus, Onchocalanus, Phaenna, Ceph-
alophanes, Talacalanus and Xanthocalanus,
share a derived antennal 2 exopod but are in-
completely resolved. It should be pointed out
that Xanthocalanus consists of almost 50 nomi-
nal species, of which many are poorly described.
When the genus is revised, some species will be
placed in known genera, including Brachycala-
nus, while other species undoubtedly will have
new genera established for them. Undinella is
derived by loss of the seta on the proximal
praecoxal endite of the maxilliped.

Genera of the second monophyletic lineage,
with 1, 2, 1 setae on the praccoxal endites of the
syncoxa of the maxilliped, have been placed in
the Scolecitrichidae, with the exception of the
new genus Omorius. Omorius and Archesco-
lecithrix retain sclerotized setac on the prae-
coxal endites of the maxilliped; all other genera
share a brush-like seta on the distal praecoxal
endite. A worm-like seta on the middle prae-
coxal endite, pre-sumably homologous to that
of the first lineage, separates Parascaphocala-
nus, Scolecithrix, Scolecitrichopsis, Scapho-
calanus, Scolecithricella, Scottocalanus,
Macandrewella and Pseudoamallothrix from
Amallothrix, Scopalatum, Mixtocalanus, Ra-
covitzanus, and Lophothrix.

The ancestral group and both derived lineag-
es have genera without transformed setae on the
praecoxal endites of the maxilliped: Grievella
with 1, 2, 3 sclerotized setae; Phaennocalanus
with 1, 2, 2 sclerotized setae; Archescolecithrix
and Omorius with 1, 2, 1 sclerotized setae. In the
ancestral group Grievella, Xantharus, Tharybis,
Landrumius, Falsilandrumius, and Neoscoleci-
thrix retain the primitive state of nine setac on
the distal basal endite plus ramus of maxilla 2. In
the first derived lineage some species of Brachy-
calanus retain nine setae on the distal basal
endite plus ramus of maxilla 2. No genus in the
second derived lineage retains nine setae on the
distal basal endite plus ramus of maxilla 2. Five
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worm-like setae on the distal basal endite plus
ramus of maxilla 2 are retained by Brodskius,
Byrathis, Neoscolecithrix in the ancestral group,
six worm-like setae by Rythabis in the first
derived lineage and five by Omorius in the
second derived lineage. Most genera of the first
derived lineage are without setac on the three
segments of the long segment complex of the
exopod of antenna 2, while most genera of the
second derived lineage retain the seta on the
distal segment of the three segments of the long
segment complex. Loss of the seta on the prox-
imal praecoxal endite of the maxilliped of Brod-
skius and Undinella is unique to the lineages
with three or two setae, respectively, on the
distal praecoxal endite. This loss is assumed to
have been independently derived.

Due to the paucity of characters, the above
hypothesized relationships (Fig. 31) result in
undefined lineages and unresolved groups of
genera. However, if our hypothesis about rela-
tionships is correct, then different pelagic or
benthopelagic ancestors to the genera compris-
ing both families Phaennidae and Scolecitri-
chidae suggest these pelagic families are not
their own closest relatives. A less derived ben-
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thopelagic genus is hypothesized for each fam-
ily: Omorius for genera in the Scolecitrichidae;
an early species of the ancestral group for gen-
era in the Phaennidae (Fig. 31). This inference
suggests that the invasion of the pelagic realm
by bradfordian copepods has occurred more
than once after the colonization of benthope-
lagic habitats by a tharybid-like bradfordian
ancestor (Bradford-Grieve, 2004).

The results of this analysis are considered
preliminary because assumptions about the
transformations of character states and the or-
der of transformation of different characters
have yet to be applied to many bradfordian
genera. Assignment to families of the three new
genera remains tentative. Byrathis belongs to
lineage, with Diaixis, Xantharus, Falsilandru-
mius, Landrumius, Neoscolecithrix and Cen-
ognatha, in which one of three setac on the
distal praecoxal endite of the maxilliped has
been transformed to a sensory seta; Diaixidae
is available for this lineage. Brodskius belongs
to a lineage with Grievella and Tharybis in
which setae on the two proximal segments of
the exopod of antenna 2 fail to form; Thary-
bidae is available for this lineage. Omorius

Fig. 31. Relationships among some bradfordian genera based on: number and type of setae on praccoxal
endites of the maxilliped; setation of five ancestral segments of the exopod of antenna 2; number and kinds
of setae on the distal basal endite plus ramus of maxilla 2. Sequence of three numbers separated by periods
are number of setae on the proximal, middle and distal praccoxal endites of the maxilliped syncoxa (w=
worm-like seta; b=brush-like seta; sclerotized seta as a simple number); sequence of five numbers separated
by commas (arthrodial membrane present) and dashes (arthrodial membrane absent) are segment/seta on the
proximal five ancestral segments of the exopod of antenna 2; sequence of three numbers separated by
commas are the number of sclerotized, worm-like, brush-like setae on the distal basal endite plus ramus of
maxilla 2.

Puc. 31. PoxcTBeHHbIE CBA3M MEXIYy HEKOTOPBIMHU pojaMu «Op3adopaoBCcKux» cemeicTs. [ ananuza
HCIIOJIb30BAHBI CJICJYIONIME PU3HAKU: YUCIO M THIl HIETHHOK HA MPEKOKCAIBHBIX SHIHUTaX CHHKOKCHI
MaKCHJUIMIIEbI; BOOPY’KEHHE IISITH AHLECTPAJIbHBIX CETMEHTOB JK30IOANTA AHTCHHBI 2; YHCIO M THUII
IIETUHOK Ha JIUCTAIBHOM 0a3aJIbHOM DHJAMTE M BETBU Makcwuiuibl 2. [TociaenoBaTenbHOCTh U3 Tpex nudp,
PAa3IeNeHHBIX TOYKOH, COOTBETCTBYET YHCIIy LIETHHOK Ha NMPOKCHMAJIBHOM, CPEIHEM U JAUCTaIbHOM
SHJMTAX CHHKOKChI MAKCHIUIHIIEIbI (W= YepPBEBHJHAS CEHCOPHAS LIIETHHKA; b=KMCTOYKOBH/HAs CEHCOPHAS
IIETUHKA, €CJIU IIETHHKA CKIEPOTU3HUPOBaHHAs — 0003Ha4YeHa npocTo 1udpoii). [TocnenoBarenbHOCTb U3
nATH HUQP, pa3JeIeHHbIX 3anAThIMU (MEKCErMEHTHAs IEPEropo/ika PUCYTCTBYET) U TUPE (MEKCEerMeH-
THasi EPEropojika OTCYTCTBYET), SIBJISIETCS MOCIJICJOBATEIbHOCTBIO CEIMEHTOB/IIETHHOK ST HMPOKCH-
MaJIbHBIX aHIECTPAIbHBIX CETMEHTOB 9K30110AUTa auTeHHbI 2. [TocnenoBaTeabHOCTD U3 Tpex Ludp, pasze-
JICHHBIX 3aIATBIMU, SBJISETCS MOCJIEJOBATEIBHOCTHIO YHCIIA CKIEPOTH3UPOBAHHBIX, YSPBEBU/IHBIX U KHC-
TOYKOBH/IHBIX IIETHHOK Ha JUCTAILHOM 0a3aJbHOM SHANTE M BETBH MAKCHILIBI 2.
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may be placed in the family Scolecitrichidae as
diagnosed with 1, 2, 1 setac on the praccoxal
endites of the maxilliped.

Among bradfordian species and genera, par-
allel transformations of apparently homologous
maxilliped syncoxal sclerotized setae into poor-
ly-sclerotized setae provide examples of
Vavilov’s Law (1920) that related species may
express a similar variation in derived homolo-
gous structures (ref. after Vavilov, 1966). Thary-
bis inaequalis Bradford-Grieve, 2001 shares
with Byrathis a transformed worm-like seta on
the distal praecoxal endite of maxilliped (Fig.
29F); T. crenata Schulz, 1995 and T. angularis
Schulz, 1995 share with Xantharus and Falsi-
landrumius a transformed brush-like seta on
the distal praccoxal endite (Fig. 29G); T. shu-
heiella Ferrari, Markhaseva, 2005 shares with
Diaixis (Fig. 29M) one transformed worm-like
seta each on the proximal, middle and distal
praecoxal endites of maxilliped; Neoscoleci-
thrix and Cenognatha share with Plesioscolec-
ithrix and with Parascaphocalanus and Sco-
lecitrichopsis a worm-like seta on the middle
praecoxal endite and a brush-like seta on the
distal endite (Fig. 29J, K, L); T. minor Schulz,
1981 shares with Brachycalanus, Parkius, Pu-
chinia and Rythabis, and with Macandrewella,
Pseudoamallothrix, Scolecithricella, Scot-
tocalanus, Scaphocalanus and Scolecithrix a
worm-like setae on the proximal and middle
praecoxal endite, and a brush-like seta on the
distal endite (Fig. 29 N, O, P).

If the number of setaec on each of three
praecoxal endites of the maxilliped determines
early branching, a modest number of conver-
gences results for states of the exopod of anten-
na 2, and a large number of convergences re-
sults for the number of worm-like plus brush-
like setae on the distal basal endite plus ramus
of maxilla 2. The convergences in states of the
exopod of antenna 2 usually results from pres-
ence/absence of the arthrodial membrane be-
tween the long segment and the proximal of
four small segments. Careful observations of
segmentation and setation of the exopod may
reduce the number of these convergences. The
same cannot be said for the number of worm-
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like plus brush-like setae on the distal basal
endite plus ramus of maxilla 2 because deter-
mining homologies of these individual setae
seems beyond the limits of contemporary opti-
cal microscopy.

Detailed descriptions of mandible, maxilla 1
and swimming leg 1 hold promise as informative
states of bradfordian genera. Knobs or bumps on
the distal and posterior faces of the mandible,
and differences in numbers of setae or presence/
absence of arthrodial membranes on maxilla 1
have proven useful in diagnosing genera. Von
Vaupel Klein’s organ on swimming leg 1 also
may help resolve relationships among bradford-
ian genera. Von Vaupel Klein’s organ, synapo-
morphy of gymnoplean copepods, is a transfor-
mation of the medial seta of the basis and the
anterior face of the proximal endopodal segment
which bears one medial seta. Calanoids with a 2-
or 3-segmented endopod also usually express
Von Vaupel Klein’s organ (e.g. see Ferrari (1995)
for Ridgewayia klausruetzleri Ferrari, 1995). A
copepod like Acrocalanus gibber Giesbrecht,
1888, with a 2-segmented endopod, is missing
the middle segment of a copepod with a 3-
segmented endopod (unpublished observations
of development), so the proximal segment re-
mains. A copepod with an apparently 1-seg-
mented endopod, like the clausocalanoideans,
actually is missing only the distal arthrodial mem-
brane between both segments of a 2-segmented
endopod. So the clausocalanoidean endopod is
not truly 1-segmented, but rather a 2-segmented
complex with the arthrodial membrane between
the two segments missing. Here, our inability to
determine how the different states of Von Vau-
pel Klein’s organ have been transformed among
the various bradfordian calanoids precluded its
use in our analysis. A better understanding of the
diversity of Von Vaupel Klein’s organ, includ-
ing optical, scanning and transmission electron
microscopy, may provide better insights.
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