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ABSTRACT

Leg 5 development is descrihed for 10 species from 10 genera in 6 families of centropagoidean calanoid copepods. Scgment homologies are
inferred from the order in which arthrodial membranes, setae, and attenuations arc added to ramal segments during late copepodid
development. Among centropagoidean males, the grasping chela on the side opposite the male genital pore develops in three different ways,
The fixed part of 1he chela may be a ventral atienuation of the basis, or of the proximal cxopodal segmenl, or of the middle exopodal segment,
suggesting that amale leg 5 chela is not a synapomorphy of the Ceniropagoidea because nonhomologous segiuents nake up the convergent
morphology. In like manner. a grasping subchela on 1he side opposite thc male genital pore is expressed in three different ways: basis plus
proximal, middle and dislal exopodal segments; basis plus proximal and distal exopodal segments; or basis plus distal exopodal scgment; so
nonhomologous segments also result in a convergent subchela morphology. On leg 5 of adult femalces, a veniral atienuation of 1he middle
exopodal segment, initially fonned al copepodid stage V, is present on species of Centropagidace and Diaptomidae. A ventral attenuation of
the exopod initially expressed al copepodid stage V on Iemales of Temoridac is considered a homologous structure, although failure to
express the proximal arthrodial membrane of the exopod complicates the interpretation of its origin. A ventral attenuation lirst appears on the
exopod of Pontellidac and Acartiidae at copepodid stage V, but its homologics with the above families are more difficull to determine
becausc neither proximal or distal arthrodial memhranes nor sctac are present on the adult exopod. The species of Tortanidae studicd here
does not cxpress a ventral attenuation on the exopod at copepodid slage V or at the adult stage, bul adults of some other species of Tortanus
do. The ventral allenuation of the cxopod of adult female leg $, initially present at copepodid stage V, is amore likely synapomorphy for the
superfamily although evidence for this homologous structure may be difficull to idenlify due to the secondary loss of sctac and arthrodial
membhranes on the exopod of some species. Presence at copepodid stage V of the presumptive genilal somite complex of the adult female is

expressed among all centropagoideans swudicd here and appears to be an unamhiguous synapomorphy for species of the superfamily.

Copepods bclonging to the superfamily Centropagoidea are
some of the most familiar calanoids. Species are well-
represented in fresh waters and estuaries, as well as in
habitats of the marine coastal zone and the continental shelf.
The superfamily Centropagoidea was established for ten
calanoid families by Andronov (1974) based on prceisc
states of antenna | and swimming legs, and imprecise
attributes of the mouthparts; none of the states are exhaustive
of the superfamily and some arc represented in other
superfamilies. Park (1986) diagnosed Centropagoidea from
a cladogram of eleven calanoid superfamilies. Ohtsuka and
Huys (2001) used primary and secondary characters of adults
to diagnose Centropagoidea from among ten calanoid
superfamiles, although many lineages were not diagnosed
and character state analyses were not provided for lineages in
which more than one state was assigned for the same
character. Boxshall and Halsey (2004) diagnosed Diapto-
moidea, which includes families placed in Centropagoidea,
using a set of symplesiomorphics.

Park’s diagnosis of the Centropagoidca (1986) invites
closer scrutiny because it is the only diagnosis that meets
contemporary standards of logic and analysis. Park identified
two shared derived character states for the Centropagoidea,
“having in the male a strongly geniculatcd antcnnule on the
right side and an extremely asymmetrical 5th pair of legs
with the right leg greatly modified for grasping™ (Park, 1986:
193). Previously, Giesbreeht (1892) had suggested that the
grasping sections of the chela of the male right leg 5 of
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calanoids now included in Centropagoidea are made up of
different segmeats of the limb (compare Giesbrecht, 1892,
plate 17, fig. 21 with plate 17, fig. 45, or plate 23, fig. 34). In
this paper we show the order in which structures are added to
leg 5 of both females and males from copepodid stage 111
to copepodid stage VI (terminal adult stagc) in 10 species
from 10 of 98 genera representing six of 10 families of
centropagoidean copepods (Table 1). We use this order, or
pattern, to infer homologics of limb segments and to discuss
possible synapomorphies for the superfamily. We begin by
describing at each stage of development the scgments of
leg 5, with each segment defined as a scction of the limb
between two arthrodial membranes. We then analyze and
interpret ramal scgments of the adult limb using a model of
development that adds arthrodial membranes and setae from
an arca toward thc proximal cdgc of the distal ramal segment.
We conclude with a discussion of the implications of the
analysis for synapomorphies of the superfamily.

METHODS AND TERMINOLOGY

The superfamily name Cenwropagoidea Andronov (1974) is used here;
changes proposed by Andronov (1991), including Diaptomoidea for
Centropagoidea, are not followed because at the time lhere wus no
requirement that a family group name be derived from the oldest included
genus name, or by coordination from the oldest included family name
(Intemational Code of Zoological Nomenclature 1985, articles 62-64).
Table 1 provides sources of the specimens. In the lahoratory, copepods
were cleared in glycerin and dissecled in lactic acid or glycerin following
generally accepted protocols. Staining was done in lactic acid by adding
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Table 1. Species and families of centropagoidean copepods studied: in
order of preseniation.

Centropages abdominalis Sato, 1913 (Centropagidae); Auke Bay,
Alaska: US, 10-V-1985.

Bocckella poopoensis Marsh, 1906 (Centropagidae); Mar Chiquita,
Cordoha, Argentina; 17-V-1986.

Sinocolanus tenellns (Kikuchi, 1928) (Centropagidae); 1sahay Bay,
Nagasaki, Japan; 28-VI11-1987.

Eodiaptomus japonicns (Burckhardt, 1913) (Diaptomidae);
Lake Kiba-gata. 1shikawa; 24-X-1999.

Eurytemora affinis (Poppe, 1885) (Temoridae); Chesapcake Bay,
Virginia, US; 02-111-1997.

Temora longicornis Mucller, 1785 (Temoridae); Waddcen Sea,
Netherlands, in culture, 09/V11/1993.

Pontella chierchia Giesbrecht, 1889 (Pontcllidae); Maizura Bay,
Kyoto, Japan; 10-1X-1975.

Labidocera pavo Gicsbrecht, 1889 (Pontellidae); Ine Harbor, Kyoto,
Japan; 12-1X-1978.

Acartia erythraea Giesbrecht, 1889 (Acartiidae); Auke Bay, Alaska;
US, 10-V-1985.

Tortanus dextrilobatus Chen and Zhang, 1965 (Tortanidae);
San Pablo Bay, California, US; VI-1X-1998.

a solution of chlorazol black E dissolved in 70% ethanol/30% de-ionized
freshwater, and specimens were examincd with bright-field and with
differenlial interference optics. Initial drawings were made with a camera
tucida; final figures were prcpared with computer software.

Copepodid stages I1I to V1 are abbreviated C111-CVI. Leg 5 of calanoid
copepods is elongate proximally to distally and flattened antcriorly to
posteriorly; slructures originating on the surfaces of the third axis of the limb
arc described here as dorsal and ventral following Cohen (1993), and not the
conventional terms ‘latcral’ and ‘medial’ of taxonomic literaturc. Leg 5
begins development as a small, hilohe bud ventral on the body at CIII with
terminal setae on each lobe. Al CIV, the protopod and rami are clearly
distinguishablc, and the contralateral pair of limbs are united by an
intercoxal plate. This limh is called the transformed limb and corresponds to
the same step in development as 1hat of swimming legs 1-4 (Ferrari, 2000).
A limb segment is the sclerotized portion section of a limb betwcen two
arthrodial membranes which bears at most one dorsal and one ventral seta
(Ferrari and Benforado, 1998). Failure to form an arthrodial membrane
results in a segment complex which may bear more than one dorsal seta and/
or more than one ventral seta (Ferrari and Ivanenko, 2001). Segments of the
protopod have exact identities, coxa and basis; ramal segments do not. A
ramal segment is moved by contraction of two intrinsic muscles proximal to
the segment which attach via tendons to the segment’s proximal rim
(Boxshall, 1982, 1985). Muscles often are not present on leg 5 of immature
copepodid stages, apparenlly because the limb does not function during
these stages. The distal segment of exopod or endopod refers to the section
of the limb distal to the last arthrodial membrane, although in many cases
that scction of the limh may be a complex of more than one segmenl (Ferrari
and Benforado, 1998). A seta is an articulating cuticular element connected
by an arthrodial membrane 10 an appendage scgment and enclosing the
hemocoel; it is not moved by the action of muscles. A segment attenuation is
a nonarticulating, cuticular extcnsion of a limb segment; a small, rounded
attenuation is a projeclion. A denticle is an attenuation of Ihe epicuticle of
the exoskeleton of the limb. The male genital pore opens on left side of body
unlcss otherwise noted. All figures of limbs are posterior face with distal
downward on thc page, unlcss otherwise indicated.

The choice of species from among the 98 genera and 10 families of
centropagoidcan calanoids is best descrihed as screndipitous because access
to conspecific immature copepodid stages restricts the specics availahle
for study. As a result, a significant amount of leg 5 architecture of 1he
superfamily is unexamined here. Our intention was to study spccies whose
males had either a chela- or subchela-type leg 5 opposite the side onto
which the genital pore opens. Species studied here could not be placed in
a phylogenetic context because phylogenetic relationships of specics among
centropagoidean families or among genera within the individual families
remain largely unexplored. Instcad, present obscrvations begin with
Centropages abdominalis, whose adult fcmalc leg 5 appcars most similar
to swimming legs 1-4, and follow what appears to be the simplest order of
transformation of that limb through progressively and presumably more

derived states. Reference to swimming legs 1-4 allows comparisons of leg
5 with developmental patterning of the antcrior limbs as this is recently
understood (Ferrari, 2000; Ferrari and Benforado, 1998).

RESULTS

Centropages abdominalis Sato, 1913.—Left and right leg 5
present at CIII as bilobe bud (Fig. 1A) with 3 setae on the
presumptive exopod and 2 on the presumptive endopod.

CIV (Fig. 1B): a transformed limb; coxa without setae,
basis with 1 dorsal, posterior seta. Exopod with 3 dorsal, |
terminal, 3 ventral (7) setide. Endopod with 1 dorsal, 2
terminal, 3 ventral (6) sctae.

CV (Fig. 1C): proximal exopodal segment with 1 dorsal
seta; distal segment with 3 dorsal, 1 terminal, 4 ventral (8)
setac and a ventral attenuation, slightly bent toward the
ramus, proximal to the proximal seta. Proximal endopodal
segment with 1 ventral seta; distal segment with 2 dorsal, 2
terminal, 3 ventral (7) setae.

CVI female (Fig. 1D): proximal exopodal segment with |
dorsal seta; middle segment with 1 dorsal seta and a straight,
distal, ventral attenuation with denticles on distal face;
distal segment with 2 dorsal, 1 terminal, 4 ventral (7) setae.
Proximal endopodal segment with | ventral scta and
dentieles; middle segment with 1 ventral seta and dentieles;
distal with 2 dorsal, 2 terminal, and 2 ventral (6) setae
and dentieles.

CVImale (Fig. 1E, F): proximal segment of left exopod with
one dorsal seta; distal segment with 2 dorsal and 1 terminal (3)
setae, and proximal and distal area of denticles ventrally.
Proximal endopodal segment with | ventral seta and dentieles;
middle segment with | ventral seta; distal segment with 2
dorsal, 2 terminal, and 2 ventral (6) setae. Right proximal
exopodal segment with 1 dorsal seta; middle segment with 1
posterior, distal seta and long, ventral attenuation eurved
toward the ramus; distal segment long and attenuate with
simple fluting at tip, 1 small, dorsal seta at mid-length, 1 larger
ventral seta with setules at mid-length, and a ventral projeetion
distal to the ventral seta. Proximal endopodal segment with 1
ventral seta, middle segment with 1 ventral seta, distal with 2
dorsal, 2 terminal, and 2 ventral (6) setae.

Boeckella poopoensis Marsh, 1906.—Left and right leg 5
present at CIII as bilobe bud (Fig. 2A) with 3 setae on the
presumptive exopod and 2 on the presumptive endopod.

CIV female (Fig. 2B): a transformed limb; eoxa without
setae, basis with | proximal, posterior seta. Exopod with 3
dorsal, 1 terminal, 3 ventral (7) setac. Endopod with 0-2
dorsal [variable within and among speeimens; proximal seta
most often missing], 2 terminal, 3 ventral (5-7) setae.

CIV male (Fig. 2F): left exopod slightly longer; left and
right exopod more rounded terminally.

CV female (Fig. 2C): proximal exopodal segment with |
dorsal seta; distal segment with 3 dorsal, 1 terminal (4) setae
and a straight ventral attenuation. Proximal endopodal
segment with 1 ventral seta; distal segment with 0-2 dorsal,
2 terminal, 3 ventral (5-7) setae.

CV male (Fig. 2G): similar to female; distal exopodal
segment longer, with ventral projection; right projection
with dentieles. Proximal endopodal segment without setae,
distal with 1 (left) or 2 (right) denticles.

CVI female (Fig. 2D, E): proximal exopodal segment
with 1 dorsal seta; middle segment with 1 dorsal seta and
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Fig. 1. Centropages abdominalis, leg 5. Gender undetermined: A, copepodid 111, lelt; B, copepodid 1V. C, copepodid V; D. adult female. E, adult male, left
basis and rami; F, adult male, left coxa, intcrcoxal plate, right leg. XX is location of patterning area within rami; thin, incomplete line within B indicatcs
position of distal arthrodial mcmbrane of proximal exopodal segment in the following copepodid stage; stippling on F indicates broad arthrodial mcmbrane.
b = basis; p = dorsal seta to be allocated to the proximal exopodal segment; m = dorsal seta to be allocated to the middle exopodal segment; star next to

ventral attcnuation of middle exopodal segment. Scale bars represent 0.1 mm.
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Fig. 2. Boeckella poopoensis, leg 5. Gender undetermined: A, copepodid 111 right limb. Female: B, copepodid 1V; C, copepodid V; D, adult, protopod and
endopod; E, adult, exopod. Male: F, eopepodid 1V: G, eopepodid V: H, adult. Thin, incomplete line within F indicates position of distal arthrodial membranc
of the proximal exopodal scgment in the following ecopepodid stage; stippling on E and H indicates broad arthrodial membrane. b= basis; star next to ventral
attenuation of middle exopodal segment. Scale bars represent 0.1 mm.
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a straight, distal, ventral attenuation with denticles on
proximal and distal faces; distal segment with 2 dorsal, |
terminal (3) setac. Proximal endopodal segment with 1
ventral seta; middle segment with 1 ventral seta; distal with
0-2 dorsal. 2 terminal, and 2 ventral (4-6) setae.

CVI male (Fig. 2H): basis with distal, ventral (left) or mid-
ventral (right) attenuation; right basis with proximal/distal
ridge posteriorly. Proximal segment of left exopod with one
dorsal seta; distal scgment with | dorsal, proximal, and 1
clongate, terminal (2) setae. Proximal and distal endopodal seg-
ments without setac. Right proximal cxopodal segment with
I dorsal, distal seta; middle segment with 1 dorsal, distal seta;
distal segment elongate, attenuate and without sctae. Proxi-
mal, middle and distal endopodal segments without setae.

Sinocalanus tenellus (Kikuchi, 1928).—Left and right leg 5
present at CIII as bilobe bud (Fig. 3A) with 3 setae on the
presumptive exopod and 2 on the presumptive endopod.

CIV female (Fig. 3B): a transformed limb; coxa without
setae, basis with | dorsal, distal seta. Exopod with 1 dorsal, 1
terminal, 3 ventral (5) setae. Endopod with 1 dorsal, 2
terminal, 2 ventral (5) sctac.

CIV male (Fig. 3G): exopod with I(left) or 3 (right)
dorsal setae.

CV female (Fig. 3C, D): proximal exopodal segment
without sctac; distal segment with 1 dorsal, 1 terminal, 4
ventral (6) setae and a ventral attenuation, slightly bent
toward the ramus, proximal to the proximal seta. Proximal
endopodal scgment without setae; distal segment with 2
dorsal, 2 terminal, 3 ventral (7) setae.

CV male (Fig. 3H): proximal exopodal segment without
setac (left) or with 1 dorsal seta (right). Distal exopodal
segment with 1 (left) or 3 (right) dorsal setae, 1 terminal
seta, and 4 (left) or 3 (right) ventral sctae; ventral seta small
on left exopod.

CVI female (Fig. 3E, F): proximal exopodal segment
without setae; middle segment with 1 slightly curved, ventral
attenuation with denticles on proximal face; distal segment
with 1 dorsal, I terminal, 4 ventral (6) setac. Proximal
endopodal segment without setae, with ventral denticles;
middle segment with | ventral seta and denticles; distal with 2
dorsal, 2 terminal, and 2 ventral (6) sctac and dorsal denticles.

CVI male (Fig. 31, J): basis with distal, ventral (left) or
proximal, ventral (right) attenuation; proximal segment of
left exopod without setae, with a small, distal attenuation.
Distal segment with 1 dorsal and 1 terminal (2) setae; ven-
tral surface with 2 projections, each with denticles. Proximal
endopodal scgment without setae, with distal, ventral
thumb-like attenuation; middle segment with 1 ventral seta
and two areas of denticles; distal with 2 dorsal, 2 terminal,
and 2 ventral (6) setac. Right proximal exopodal segment
with 1 dorsal seta; distal scgment attenuate distally and
curved ventrally with I ventral seta, ventral projections
proximally and ventral denticles distally. Proximal endopo-
dal segment without setac, middle segment with 1 ventral
seta, distal with 2 dorsal, 2 terminal, and 2 ventral (6) setae.

Eodiaptomus japonicus (Burckhardt, 1913).—Left and right
leg 5 present at CIII as bilobe bud (Fig. 4A) with 1 seta
on the presumptive exopod and presumptive endopod
without setae.

CIV female (Fig. 4B): a transformed limb; coxa without
setae, basis with Idorsal, distal seta. Exopod with I dorsal, |
terminal (2) setac. Endopod without setae.

CIV male (Fig. 4E): exopod with | terminal seta, right
longer than left.

CV female (Fig. 4C): coxa fused to intercoxal plate;
proximal exopodal segment without setae: distal segment
with 1 dorsal, 1 terminal (2) setae, with a projection between
the setae and a large distal, ventral attenuation. Endopod
without setae, with terminal denticles,

CV male (Fig. 4F): lett exopod with 1 dorsal, 1 terminal
sctac; endopod with | ventral seta and terminal denticles.
Right exopod and setae larger than left: endopod larger, with
terminal denticles.

CVI female (Fig. 4D): coxa with dorsal and ventral distal
attenuation; intercoxal plate distinct; basis triangular with
distal, posterior projection near endopod. Proximal exopodal
segment without setae; middle segment with 1 dorsal seta
and distal, ventral attenuation with 2 areas of denticles; distal
segment small with | terminal seta. Endopod 2-segmented.
without setae; distal segment with ventral denticles.

CVI male (Fig. 4G, H): left coxa with wide rounded distal
attenuation, terminally acute; right coxa with mid-ventral and
distal attenuations, distal attenuation terminally acute; right
basis with broad ventral lobe and posterior projection. Prox-
imal segment of left exopod without setae, with ventral
denticles; middle segment with 1 seta near distal segment and
1 attenuation; distal segment small with 1 terminal seta.
Proximal endopodal segment small without seta; distal
segment weakly articulating with proximal segment, acute
and curved distally with 1 seta plus denticles. Right proximal
exopodal segment without setac; middle segment with 1
dorsal, distal seta curved toward tip; distal segment small with
long curved weakly articulating terminal seta. Endopod with 2
small ventral and 1 distal attenuations, plus terminal denticles.

Eurytemora affinis (Poppe. 1885).—Left and right leg 5
present at CIII as unilobe bud (Fig. SA) with 2 setac on the
presumptive exopod.

CIV female (Fig. 5B): a transformed limb: coxa fused to
intercoxal plate; basis with | dorsal seta. Exopod with 2
dorsal, 1 terminal (3) setac. Endopod absent.

CIV male (Fig. 5E): right basis with distal, ventral
projection. Exopod with 3 dorsal, 1 terminal (4) setae.
Endopod absent.

CV female (Fig. 5C): coxa articulates with intercoxal
platc; exopodal segment with 1 pointed ventral attenuation
and 3 dorsal, 1 terminal (4) setae plus 1 posterior and 1
proximal dorsal denticles.

CV male (Fig. 5F): left basis with 1 dorsal seta and 1|
posterior denticle; right basis with 1 dorsal seta, 1 posterior
denticle, plus distal, ventral projection. Proximal exopodal
segment with 1 dorsal scta plus 1 posterior denticle; distal
segment with 3 dorsal, | terminal (4) setae and proximal
posterior denticle; right exopod narrower than left.

CVI female (Fig. SD): coxa articulates with intercoxal
plate; proximal exopodal segment with 2 dorsal setae and
pointed distal, ventral attenuation; distal segment with 1
dorsal, 1 terminal (2) setae, and 3 ventral denticles.

CVI male (Fig. 5G, H): genital pore ventral (not
illustrated); intercoxal plate small, triangular with base



338 JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 25, NO. 3, 2005

Fig. 3. Sinocalanus affinis, leg 5. Gender undetermined: A, copepodid Iil, right limb. Female: B, copepodid 1V: C, copepodid V, protopod and exopod;
D. copepodid V. endopod; E, adult, protopod and exopod; F, adult, endopod. Male: G. copepodid 1V; H, copepodid V: I, adult, left coxa, intercoxal plate and
right leg; J, adult, left basis and rami. Thin, incomplete line within B and G indicates position of distal arthrodial membrane of proximal exopodal and/or
endopodal segment in following copepodid stage; within H, it indicates position of distal arthrodial membrane of middle segment of following stage;
stippling on I indicates broad arthrodial membrane. b = basis; star next to ventral attenuation of middle exopodal segment; arrow to small seta on left exopod.

Scale bar represents 0.1 mm.
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Fig. 4. Eodiaptomus japonicus, leg 5. Gender undetermined: A, copepodid I1l. left limb. Female: B, copepodid [V: C, copepodid V; D. adult (large
arthrodial membrane stippled). Male: E, copepodid 1V F, copepodid V; G, adult (large arthrodial membrane stippled; dotted line weakly contrasted arthrodial
membrane); H, adult, left leg, medial view. Thin, incomplete line within F indicates position of distal arthrodial membrane of proximal exopodal and
endopodal segment in the following copepodid stage; stippling on D and G indicates broad arthrodial membrane. b = basis; star next to ventral attenuation of
middle exopodal segment. Scale bars represent 0.05 mm for A and 0.1 mm for others.
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Fig. 5. Eurytemora affinis, leg 5. Gender undetermined: A, copepodid Ill. Female: B, copepodid IV; C, copepodid V; D, adult. Male: E, copepodid 1V;
F, copepodid V; G, adult, protopodite and left leg; H, adult, right leg. XX is location of patteming area within rami; thin, incomplete line within E indicates
position of distal arthrodial membranc of proximal exopodal segment in the following copepodid stage. b = basis; p = dorsal seta to be allocated to the
proximal exopodal segment; m = dorsal seta to be allocated to the middle exopodal segment; star next to ventral attenuation of presumptive middle exopodal

segment. Scale bar represents 0.1 mm.
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proximal. Left coxa with distal, ventral attenuation and 3
dorsal denticles; basis with 1 posterior seta and | proximal
denticle. Proximal segment of left exopod with 1 dorsal,
distal seta and 3 posterior plus 2 ventral denticles; distal
segment with 3 dorsal, 1 terminal (4) setae plus 1 proximal,
ventral denticle and area of denticles on a distal lobe of
segment. Right coxa with distal ventral attenuation and 2
dorsal denticles; basis with ventral projeetion, 1 posterior
seta and 3 ventral plus 2 proximal dorsal denticles. Proximal
exopodal segment with 1 dorsal distal seta and 2 anterior
plus 1 ventral denticles; distal segment with 1 dorsal, 2
posterior (3) setae and 1 proximal denticle.

Temora longicornis (Mueller, 1785)—Left and right leg 5
present at CI1I as unilobe bud (Fig. 6A) with 2 sctac on the
presumptive exopod.

CIV female (Fig. 6B): a transformed limb; coxa articulat-
ing with intercoxal plate; basis with 1 posterior, dorsal scta.
Exopod with 2 dorsal, 1 terminal (3) setae. Endopod absent,

CIV male (Fig. 6E): left basis with small distal attenuation;
right basis quadrate ventrally. Left exopod with 3 dorsal, 1
terminal (4) setac, and pointed terminal attenuation. Right
exopod smaller, with rounded terminal attenuation.

CV female (Fig. 6C): exopod with 1 dorsal seta, and |
pointed mid-ventral plus 2 pointed terminal attenuations.

CV male (Fig. 6F): coxa with posterior denticles; left
basis with broad distal attenuation; right basis with distal
projection. Exopod with 3 dorsal, 1 terminal (4) setac and 1
terminal, digitiform attenuation; right exopod smaller than
left with terminal attenuation more rounded.

CVI female (Fig. 6D): exopod with 1 dorsal seta, plus |
ventral attenuation and 2 terminal attenuations.

CVI male (Fig. 6G): genital pore opens on right side (not
illustrated); coxa with posterior denticles. Left basis with
clongate, curved distal attenuation; right basis with 1
posterior seta plus 1 distal ventral and 1 distal projection.
Proximal segment of left exopod with 1 dorsal seta; distal
with 3 posterior, 1 terminal (4) setac plus 1 terminal
attenuation. Distal segment of right exopod with thicker,
terminal attenuation plus 2 ventral and 1 dorsal (3) setae.

Pontella chierchia Giesbrecht, 1889.—Left and right leg 5
present at CIII as bilobe bud (Fig. 7A) with 2 setae on the
presumptive exopod and 1 seta on the presumptive endopod.

CIV female (Fig. 7B): a transformed limb: coxa without
setae, fused to intercoxal plate; basis with 1 distal, posterior
seta with small attenuation adjacent to seta. Exopod with 2
small dorsal, 1 small terminal (3) setae plus 1 small terminal
attenuation. Endopod rounded distally without setae.

CIV male (Fig. 7E): left basis with distal, ventral
projection. Lelt exopod with 2 small dorsal, 1 terminal, 1
ventral attenuations; right exopod slightly longer.

CV female (Fig. 7C): exopod with 3 dorsal, 2 terminal,
plus 2 ventral attenuations. Endopod rounded proximally,
acute distally, without setae.

CV male (Fig. 7F): left basis with ventral projection. Left
exopod with 3 dorsal, 2 terminal attenuations; right exopod
longer.

CVI female (Fig. 7D): exopod with 3 dorsal, 2 terminal, 2
distal ventral attenuations. Endopod bifurcate distally as 2
terminal attenuations.

CVI male (Fig. 7G): intercoxal plate small, triangular. Left
coxa with small ventral depression; right coxa with broad,
proximal ventral attenuation. Left basis smaller than right.
Proximal segment of left exopod with 1 posterior seta plus 1
dorsal attenuation. Distal segment proximal/distal anterior
ridge with 2 simple posterior and 1 modified terminal (3)
setac, 2 dorsal distal attenuations plus 1 terminal attenuation
with denticles; proximal and distal ventral area of denticles.
Proximal segment of right exopod with 1 dorsal, 1 mid-
ventral (2) setae plus 1 long, proximal ventral attenuation, |
proximal recurved attenuation, | round, mid-ventral pro-
jeetion [with a seta], and 1 round distal projection. Distal
segment curved with | proximal posterior, | proximal
ventral, | distal anterior, | terminal (4) setae plus 1 proximal
ventral attenuation [with a seta].

Labidocera pavo Giesbrecht, 1889.—Left and right leg 5
present at CIIl as bilobe bud (Fig. 8A) with 1 terminal
attenuation on the presumptive exopod; presumptive
endopod round.

CIV female (Fig. 8B): a transformed limb; coxa without
setac; basis with 1 proximal, posterior seta. Exopod with 2
small dorsal, 2 small terminal attenuations. Endopod
rounded distally without setac.

CIV male (Fig. 8E): Basis with distal attenuation; exopod
with 2 small dorsal, 2 small terminal attenuations.

CV female (Fig. 8C): coxa fused to intercoxal plate.
Exopod with 3 dorsal, 1 terminal, | distal ventral attenu-
ations. Endopod rounded distally, without setae.

CV male (Fig. 8F): left basis with distal attenuation; right
basis with distal projection. Left exopod with 3 dorsal, 2
terminal attenuations. Right exopod longer than left with 1
terminal attenuation. Endopod absent.

CV1 female (Fig. 8D): exopod with 3 dorsal, 1 terminal,
| distal ventral attenuations. Endopod acute distally, with-
out setae.

CVI male (Fig. 8G): intercoxal plate small, quadrate;
left coxa with small ventral attenuation; right coxa with
broad, proximal ventral projection; left basis smaller than
right. Proximal segment of left exopod with 1 dorsal at-
tenuation; distal segment with 2 dorsal plus 2 terminal
attenuations and ventral denticles. Proximal segment of right
exopod with | mid-ventral, 1 distal ventral (2) setae, plus 1
small proximal ventral projection, 1 long, proximal,
posterior attenuation, 1 short proximal anterior projection,
plus 1 short, mid-ventral attenuation. Distal segment with
I mid-ventral, 1 posterior, 1 anterior, 1 terminal (4) setae
plus 1 terminal attenuation and a proximal/distal ridge in
proximal section.

Acartia erythraea Giesbrecht, 1889.—Leg 5 not discernable
at CII1.

CIV female (Fig. 9A): a transformed limb; coxa without
setae, fused to intercoxal plate; basis fused to coxa, with 1
distal dorsal seta. Exopod rounded without setae.

C1V male (Fig. 9D): basis, coxa, intercoxal plate fused.
Left exopod with | dorsal, 1 terminal, 1 ventral (3) setae.
Right exopod with 1 dorsal, | terminal (2) setae.

CV female (Fig. 9B): basis articulates with coxa.
Rounded section of exopod proximal: attenuated seetion
distally, without setae.
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Fig. 6. Temora longicornis, leg 5. Gender undetermined: A, copepodid 111. Female: B, copepodid IV; C, copepodid V: D, adult. Male: E, copepodid 1V:
F, copepodid V: G, adult. XX is location of patterning arca within rami; thin, incomplete line within F indicates position of distal arthrodial membrane of the
proximal exopodal segment in following copepodid stage; stippling on F and G indicates broad arthrodial membrane. b = basis; star next to ventral
attenuation of presumptive middle exopodal segment; p = dorsal seta of presumptive proximal exopodal segment. Scale bar represents 0.1 mm.
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A:
B,C,D,E,F,G:

Fig. 7. Pontella chicrchiae, leg 5. Gender undetermined: A, copcpodid III. Female: B, copepodid IV; C, copepodid V; D, adult. Male: E, copepodid 1V;
F, copepodid V; G, adult. Thin, incomplete line within F indicatcs position of distal arthrodial membrane of the proximal exopodal segment in following
copepodid stage. b = basis; star next to ventral attenpuation of presumptive middle exopodal segment. Scale bars represent 0.1 mm.
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Fig. 8. Labidocera pavo, leg 5. Gender undetermined: A, copepodid Il1. Female: B, copepodid 1V; C. copepodid V; D, adult. Male: E. copepodid 1V;
F, copepodid V; G, adult. Thin, incomplcte line within F indicates position of distal arthrodial mcmbrane of the proximal exopodal segment in following
copepodid stage; stippling on D indicates broad arthrodial membrane. b = basis; star next to ventral attenuation of presumptive middle exopodal segment.

Scale bar represents 0.1 mm.
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Fig. 9. Acartia erythraea, leg 5. Female: A, copepodid 1V; B, copepodid V; C, adult. Male: D, copepodid IV: E, copepodid V; F, aduli. b = basis; star ncxt
lo ventral attenuation of presumptive middle exopodal segment. Scale bar represenis 0.1 mm.

CV male (Fig. 9E): exopod with 2 dorsal, 1 terminal, 0-1 CVI male (Fig. 9F): coxa and intercoxal plate fused; right
ventral (3—4) setae. Right exopod longer than left. basis with rounded distal atenuation. Proximal segment of
CVI female (Fig. 9C): attenuated section of exopod left exopod with | posterior distal seta; distal segment with
longer, poorly distinguished from rounded section. 3 terminal, | ventral (4) setac and ventral denticles; |
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terminal seta on a projection. Proximal segment of right
exopod with 1 ventral seta on a projection; middle segment
with 1 ventral seta on a broad rounded projection, denticles
dorsally; distal segment slightly curved with 1 posterior, 1
terminal (2) setae.

Tortanus dextrilobatus Chen and Zhang, 1965.—Left and
right leg 5 present at CIII as unilobe bud (Fig. 10A) with an
attenuation on the presumptive exopod.

CIV female (Fig. 10B): a transformed limb; coxa without
setae, fused to intercoxal plate; basis with 1 distal dorsal seta.
Exopod elongate, distinctly narrow distally with somewhat
irregular ventral edge, without setae.

CIV male (Fig. 10E): coxa fused to intercoxal plate; right
basis with distal ventral projeetion. Exopod with 2 dorsal, 2
terminal (4) sctae.

CV female (Fig. 10C): distal scction of exopod not as
abruptly narrow; left exopod with scattered ventral denticles.

CV male (Fig. 10F): distal ventral attenuation of right
basis with denticles. Proximal segment of left exopod with 1
dorsal seta; distal segment with 2 dorsal, 1 terminal, 1 ventral
(4) setac and distal ventral denticles. Right exopod longer
than left; proximal segment of right exopod with 1 dorsal
seta; distal segment with 2 dorsal, 1 terminal (3) setae.

CVI female (Fig. 10D): exopod with ventral denticles,
more on left exopod than on right.

CVI male (Fig. 10G): left and right coxa fused to
intercoxal plate; right coxa with rounded posterior pro-
jection near articulation with basis. Right basis with a distal
ventral series of broad low epicuticular extensions plus
proximal ventral and mid-ventral attenuations; proximal
attenuation with series of broad low epicuticular extensions.
Proximal segment of left exopod with 1 dorsal seta; distal
scgment with a series of broad low epicuticular extensions
dorsally and 1 anterior, | dorsal, 1 terminal, 2 ventral (5)
setac, plus 3 mid-ventral arcas of denticles. Right exopod
with 6 ventral setac and serics of broad low epicuticular
extensions along ventral face.

Analysis and Interpretation

Leg 5 of calanoids usually develops over a series of steps,
from CIIl to CVI, and that devclopment is similar to
development of swimming legs 1-4 of many copepods
(Ferrari and Ambler, 1992; Ferrari and Benforado, 1998;
Ferrari, 2000). As an example, leg 5 of Centropuages
abdominalis begins as a small, bilobe, limb bud; both lobes
are armed terminally with setae (Fig. 1A). The step
immediately following the limb bud is a transformed limb
at CIV (Fig. 1B). The protopod of the transformed limb is
well-differentiated from the rami and the basis bears 1 scta
distally and dorsally; addition of arthrodial membranes and
sctac to the protopod is completc. In the following two
stages, each ramus is patterned from an arca toward the
proximal edge of the distal ramal segment (e.g., Figs. 1B-F,
5B-G, 6B-G) in the following way. The arthrodial
membranc which separates the proximal segment of the
ramus is added during the molt to CV (Fig. 1C); the
arthrodial membrane which separates the middle segment is
added during the molt to CVI (Fig. 1D). Formation of
a dorsal seta and/or a ventral seta, eventually located on the

proximal and middle segments, precedes the formation of
the associated arthrodial membrane by one stage so that
a dorsal seta and/or a ventral seta of the presumptive
proximal segment initially forms on the distal segment (Fig.
1B) during the molt to CIV. The same situation is true for
the dorsal seta and the ventral seta of the middle segement;
initially each forms during the molt to CV but on the distal
segment (Fig. 1C). In general, then, a new dorsal or ventral
seta usually is located on the distal segment, proximal to
older setae on that segment (Fig. 1B, C). The delay between
formation of a segmental seta and its arthrodial membrane is
called setal precedence.

Leg 5 development cxhibits two examples of setal
precedence for both exopod and endopod. At CIV, the
exopod of the transformed limb of leg 5 appears to be a 1-
segmented complex. The proximal dorsal seta belongs to the
presumptive proximal segment (Fig. IB) and will be
allocated to that segment when the arthrodial membrane
separating the proximal segment from the distal segment is
formed at CV (Fig. 1C). At CV the proximal dorsal scta of
the distal segment is new (Fig. 1C); it belongs to the
presumptive middle segment and will be allocated to that
segment when the arthrodial membrane scparating the
middle scgment is formed at CVI (Fig. 1D). The same
mecchanism explains patterning of two new sctae to the
endopod. At CIV, the proximal ventral seta belongs to the
presumptive proximal segment (Fig. 1B) and will be
allocated to that segment when the arthrodial membrane
separating the proximal segment from the distal segment is
formed at CV (Fig. 1C). At CV the proximal dorsal seta and
the proximal ventral seta are new (Fig. 1C). The proximal
ventral scta belongs to the presumptive middle segment and
will be allocated to that segment when the arthrodial
membrane is added at CVI (Fig. 1D). The proximal dorsal
seta is allocated to a new segment of the distal complex; the
arthrodial membrane which would have separated that
segment from the distal segment complex never develops. In
the following analysis of leg 5, identification of the ramal
segments utilizes arthrodial membranc formation, when
present, of the rami. However, the stage of formation,
location of dorsal setae, and location of ventral segmental
attenuations are used to clarify homologous segments of
an exopod for which arthrodial membranes sccondarily fail
to form.

Centropages abdominalis—A ventral attenuation on the
female cxopod is present proximally on the distal segment
complex at CV (Fig. 1C); the homologous ventral attenu-
ation is present distally on the middle segment at CV1 (Fig.
1D). The distal arthrodial membrane separating the proximal
exopodal and endopodal segment is present initially at CV,
although the ecventual location of this arthrodial membrane
can be observed through the cuticle of C1V (Fig. 1B). The
arthrodial membrane separating the middle cxopodal and
endopodal segment is present initially at CVL

Patterning of the male endopod. as well as the proximal
segment of its left exopod, and the proximal and middle
segment of its right exopod follows that of the female.
Development of the right exopod results in a chela whose
fixed part is the attenuation of the middle exopodal segment
(Fig. 1F) whieh is homologous to the ventral attenuation of
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Fig. 10.  Tortanus dextrilobatus, leg 5. Gender undetermined: A, copepodid III. Female: B, copepodid 1V; C, copepodid V: D. aduli. Male: E, copepodid 1V:
F. copepodid V; G, adult. Thin dotted line in E is a weakly contrasted arthrodial membrane. b = basis. Scale bar represents 0.1 mm.
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thc female. An arthrodial membrane fails to form and
separate the left middle exopodal segment from the left
distal scgment (Fig. 1E) so that the exopod appears to be 2-
segmented. However, the proximal dorsal scta of the distal
segment, added at CV, belongs to the presumptive middle
segment of that exopod.

Boeckella poopoensis—Development of the female is
similar to the female of Centropages abdominalis except
that at CIV the proximal ventral seta on the exopod, which
would be allocated to the proximal segment, fails to form.
The male has ventral attenuations on left and right basis
which nitially appear at CVI1. A small ventral attcnuation on
the left and right exopod at CV (Fig. 2G) corrcsponds to that
on the female exopod of Centropages abdominalis; it fails
to form at CVI. An arthrodial membrane fails to form and
separate a left middlec cxopodal segment from the distal
segmcent. The terminal element is a seta because there arc no
muscles that attach to its proximal rim within the adjacent
segment. The right exopod is a subehela; its terminal
element is a segment becausc there are muscles that attach to
its proximal rim within the adjacent segment.

Sinocalanus tenellus —Dcvelopment of the female is similar
to the female of Centropages abdominalis except that the
dorsal seta of the proximal and middle exopodal segments
and the ventral seta of the proximal and middle endopodal
segments do not form (Fig. 3B-J). The male has ventral
attenuations on left basis and right coxa and basis at CVI,
but lacks the ventral attenuation of exopod at CV or CVI; no
chela forms (Fig. 3J). Arthrodial membranes fail to form and
scparate a middle segment from the distal scgment on both
left and right exopod. The right exopod is a subehela.

Eodiaptoniis japonicus—The third exopodal segment of
the adult female is very small and bears only a tcrminal seta
so that the terminal part of the ramus is dominated by the
middle scgment and its attenuation. The male right and lcft
coxa, and left basis have ventral attenuations formed at CVILL
An arthrodial membrane fails to form and separate a left
middle endopodal segment from the distal segment and right
proximal and middle endopodal segmcnts from the distal
scgment. The left basis and rami are similar to the female.
The terminal element of the right cxopod is a small distal
segment poorly artieulatcd with a long terminal seta. Muscle
masses in middle segment with tendons to proximal rim of
the distal complex identify the base of this strueture as an
exopodal segment. The right exopod is a subchela.

Eurytemora affinis—An arthrodial membrane fails to form
and separate a proximal and a middle exopodal segment of
the female at CV (Fig. 5C). An arthrodial membrane does
form at CVI and separates the middle from distal cxopodal
segment so that the ventral attenuation of the middle segment
is present on the proximal scgmental complex (Fig. 5D).
This ramal architecture is unusual for copepods, but can bc
observed in the swimming legs 2—4 of centropagoidcans
belonging to Acartiidac, Candaciidae, Parapontellidac,
Pontellidae, Temoridae, and Tortanidae (Giesbrecht, 1892:
334, pl. 17 fig. 13; Ferrari and Benforado, 1998: figs. 4-6).

Setae on the adult male leg 5 are small and oficn diffieult
to distinguish from denticles. We assume here that no new

setae have been added between CV and CVI males and that
setae of CV have not changed rclative positions. Attcnu-
ations of the left and right coxa of the male initially are
prescnt at CVI. A distal ventral attenuation of right basis
initially 1s present at C1V, with a denticlc added at CV1. An
arthrodial membrane fails to separate a middle segment from
the distal segment of the left and right exopod. Both left and
right exopods arc a subchelae.

Temora longicornis—The dorsal seta of the female exopod
belongs to a presumptive proximal scgment of exopod
because it initially is present at CIV (Fig. 6B). One ventral
and 2 tcrminal attenuations are added to the female at CV
(Fig. 6C), although the two terminal attenuations may be
interprcted as a bifurcate single attenuation. The ventral
attenuation is distal to the dorsal seta and is assumed to be
homologous to the ventral attenuation of the middle
segment of Centropages abdominalis. Arthrodial mem-
brancs fail to separate proximal or middle exopodal segment
from the distal segment at CV or CVI respectively.

A distal ventral attenuation on the left basis of the malc
initially is present at CIV (Fig. 6E), becoming more distinct
and distal in position at CV (Fig. 6F) and elongate at CVI
(Fig. 6G). 1t comprises the fixed part of thc chcla. An
arthrodial membrane separating the proximal segment from
distal scgment of the left and right exopod is delayed until
CVI. The single dorsal seta on thc proximal exopodal
segment at C1V (Fig. 6E) remains at CV]I, indieating that the
proximal segment of the adult male is not a eomplex of thc
proximal and middle segments.

Pontella chierchia—Dorsal setae are present at CIV of the
female (Fig. 7B) but are replaced by dorsal attenuations at
CV when two ventral attenuations are added to the 1-
segmented exopod (Fig. 7C). The dorsal attcnuations are not
assumed to bc positional homologous of the setae (see
intcrpretation of the male, below). Both ventral attenuations
arc distal to the proximal dorsal attenuation and toward the
terminal part of thc ramus. The distal, ventral attenuation is
assumed to be homologous to the ventral attenuation of the
middle segment of Centropages abdominalis, although the
two ventral attenuations may be interpreted as a bifurcate
single attenuation. Arthrodial membranes fail 1o scparate
a proximal or a middle exopodal scgment from the distal
scgment at CV or CVI respectivcly (Fig. 7D).

A small distal attenuation on the left basis is present on the
male at CIV (Fig. 7E) and CV (Fig. 7F), but is absent at CV1
(Fig. 7G). A coxal attenuation initially is present at CVL. An
arthrodial membrane scparating the proximal segment from
the distal scgment of left and right exopod is delayed until C V1
when it is expressed along with thc arthrodial membrane
separating the middle and distal segments. The exopod then
appears to be segmented only in adult males. Thc exopodal
scgment of both rami has four attenuations at CV. At CVI,
three dorsal attenuations can be located: one on the proximal
segment and two on the distal segment. The fourth attenuation
is terminal on the distal segment and bears numerous
denticles. Four sctae have been added at CV1; one postcrior
on the segment, and two posterior and one terminal on the
distal scgment. The presence of setae and attenuations
suggcsts that the dorsal attenuations are not rcplacements
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for or positional homologues of dorsal setae. On the right leg,
the long attenuation of the proximal exopodal segment forms
the fixed part of a chela.

Labidocera pavo—A distal ventral attenuation is added to
the I-segmented exopod at CV (Fig. 8C) and is assumed to
be homologous to the ventral attenuation of the middle
segment of other centropagoideans. The architecture of this
ramus is assumed to be similar to Eodiaptomus japouicus.,
with the distal scction of the ramus dominated by the middle
segment. Arthrodial membranes fail to separate a proximal
or a middle exopodal segment from the distal segment at CV
or CVI respectively (Fig. 8D).

Ventral distal attenuations on the left and right basis of the
male, which arc present at C1V (Fig. 8E), arc retained at CV
but are absent at CVI (Fig. 8F, G). A coxal attenuation is
present at CVI. Arthrodial membranes separating the
proximal segment of left and right exopod from the distal
segment are delayed until CVI. An arthrodial membranc
separating a middle segment of left and right exopod from
the distal segment fails to form at CVI. The proximal
cxopodal secgment of right leg has four attenuations; the
long proximal attenuation forms the fixed part of a chela.
Setae arc added to the right exopodal segment at CVI, like
Pontella chierchia. These setae are not present on the
left exopod.

Acartia erytliraea—A limb bud is not present at CII1 (as is
the casc for ClI for Caundacia sp., unpublished observa-
tions); an attenuation of the female cxopod initially is
present at CV (Fig. 9B) and becomes more pronounced at
CVI (Fig. 9C). Arthrodial membranes fail to separate
a proximal and a middle exopodal segment from the distal
segment at CV or CVI respectively (Fig. 9B, C).

Ventral projections of the right basis and the right middle
segment arc present on the male at CVI. Arthrodial
membranes scparating the proximal segment of left and
right exopod from the distal segment are delayed until CVI;
arthrodial membranes separating a middle segment from
distal segment of left exopod fail to form at CVI. The right
leg 5 apparently is a subchela.

Tortanus dextrilobatus —The female leg S lacks attenu-
ations and setae: arthrodial membranes fail to separatc
a proximal and a middle cxopodal scgment at CV or CVI
respectively (Fig, 10B, C).

A distal ventral attenuation of right basis of male initially
forms at C1V (Fig. 10E) and is present at CV (Fig, 10F). 1t is
interpreted as homologous to the distal attenuation of the
right basis at CVI (Fig. 10G). A proximal ventral attenuation
on the right basis and the two on the left and right proximal
cxopodal segments are present at CVI. An arthrodial
membrane separating the proximal segment of the right
exopod from the distal segment forms at CV, but fails to
reform CVI. An arthrodial membrane scparating a middle
segment from distal scgment of the left and right exopod
fails to form CVI. The right leg is a subchela. Loss of the
arthrodial membrane separating the proximal segment of the
right exopod from distal segment is unusual among
copepods, but has been reported previously for Tortaunus
gracilis (Brady, 1883) by Ohtsuka and Reid (1998) and for
T. derjugini Smimov, 1935, by Soh et al. (2001).

Discussion

The preceding descriptions suggest a series of derived states
shared among some species of centropagoideans which
should provide valuable data about relationships within the
superfamily: delay or suspension of arthrodial membrane
formation; delay or suspension of formation of setae; sup-
pression of the leg bud; presence of a non-articulating distal
attenuation or projection on the basis of males in the loca-
tion of the endopod which is absent. However, the following
discussion eonsiders the male chela and subchela and the
ventral attenuation of the female exopod as possible synapo-
morphics for the superfamily.

The function of the male leg S chela on the side opposite
the genital opening during copulation of Diaptomus gracilis
Sars, 1863. has been understood in a general way for
a century (Wolf, 1905). The chela of the right leg is used to
grasp the female’s urosome in order to position thc malc
prior to spermatophore transfer with the lelt leg 5 (Blades
and Youngbluth, 1980). Observations by Blades (1977) of
copulation of Centropages typicus Kroyer, 1849, and Blades
and Youngbluth (1979) of copulation of Labidocera aestiva
Wheeler, 1901, confirmed the basic Tunction of the right leg
5 and cxpanded the number of locations grasped by the
chela. Gauld (1957) was not specific about the function of
the chela of the male left leg 5 of Temora longicornis,
although the general architecture of both left and right male
lcg 5 and the right ventral, lateral position of the genital pore
suggest a function for the chela sunilar to the diaptomid,
centrogid, and pontellid through a simple reversal of
asymmetry. In passing, it should be noted that the chela-
like leg 5 of an augaptiloidcan male. Pleuromamma gracilis
forma piseki Farran, 1929, [now Pleuromamma piseki], may
function in spermatophore transfer (Steuer, 1932: 37, text
fig. 140), rather than grasping the female’s urosome,
Functions of the left and right centropagoidean male leg S
in species for which one side of the leg appears to be
subchela have not been determined. Katona (1975) was
unable to provide dctailed observations of Eurytenmwora
affinis, although he noted that the left leg 5 was used to hold
the spermatophore. In this specics both legs appear to be
a subchela, and the genital pore is ventral. In males of
Pseudodiaptomus, the subchela right leg 5 (Walter er al.,
2002), opposite the genital porc, is used to grasp the female
urosome during copulation by three species (Jacoby and
Youngbluth, 1983). In summary, it appears that for malc
centropagoidcans, leg 5 on the side opposite the genital pore
functions to grasp the female urosome during copulation
regardless of whether that leg is a subchela or a chela.
Among different species, both chela and subchecla may be
composcd of segments that are not homologues.

Based on scgmental homologics, three kinds of chela are
observed on the leg 5 of centropagoidcan males in this
study: the fixed part 1s an attenuation of the middle exopodal
segment, and the moveable part is the distal exopodal
segment [right leg of Centropages abdominalis]. the fixed
part is an attenuation of the proximal exopodal segment,
and the moveable part is the middle plus distal cxopodal
segments which fail to articulate [right leg Pontella
chierchiae and of Labidocera pavol; the fixed part is an
attecnuation of the basis, and the moveable part is the
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proximal and distal exopodal segment [left leg of Temora
longicoruis) or the moveable part is a 1-segmented exopod
[right leg of Tortauus dextrilobatus]. The left leg 5 of
Temora lougicoruis appears to function similarly to the right
leg of Ceutropages abdominalis, Labidocera pavo. and
Poutella cliierchia as suggested by the fact that the genital
porc always opens on the side oppositc the chela leg [right
for Tewora longicornis but left for Ceutropages abdonii-
ualis, Labidocera pavo, and Poutella chiercliia]. The same
inference cannot be drawn for Tortauus longipes whose
chela is found on thc same side as the genital porc. Because
of these convergences from nonhomologous segments, the
chela of the male leg 5 of centropagoidcans cannot be
considercd a synapomorphy of the superfamily. Neither is
the subchcla of the male leg 5, which can be made up of the
basis plus proximal, middle, and distal cxopodal segments
[Boeckella poopoensi, Eodiaptomus japouicus, and Acartia
ervthiraeal, on the basis plus proximal and distal exopodal
segments [Sinocalanus tenellus, Eurytemora affinis, and
Tortanus dextrilobatus]. However, both chela and subchela
should provide useful phylogenctic information for analyz-
ing relationships within the superfamily.

A ventral attenuation on thc middle exopodal segment of
lcg 5 of females is diagnostic for the family Centropagidae
(Bayly, 1992). An attcnuation corrcsponding to it initially
appears on the distal segment of leg 5 of fcmales of
Centropages abdoniinalis, Sinocalanus teuellus, and Boeck-
ella poopoeusis at CV (Figs. 1C, 2C, 3C), but 1s allocated to
thc middle segment when the arthrodial membrane scparat-
ing the middle from the distal scgment forms during the
molt to CVI. A similar attenuation initially is formed on the
distal segment of leg 5 at CV of females of Eodiaptomus
Japonicus (Fig. 4C), and also is allocated to thc middle
segment during the molt to CV1. 1tis known as the end claw
of adult female diaptomids (Ranga Reddy. 1994), although
it is an attcnuation of the middle exopodal segment; the
distal exopodal scgment is reduced in size and bears only
onc or two setae. A ventral attenuation formed during the
molt to CV (Fig. 5C) appears to be located on the proximal
segment of the 2-segmented exopod of the adult femalc leg
5 of Eurytemora affinis (Fig. SD). However, the presence of
two dorsal setac on the proximal segment suggests that this
segment is a complex made up of the proximal and middle
segments. The complex results from the failure to form an
arthrodial membrane separating the proximal and middle
segments. The ventral attenuation then i1s homologous to
those found on the middle secgment of the exopod of the
centropagids and diaptomids.

The cxopod of leg 5 of femalcs of Teniora longicoruis,
Pontella chiercliia, Labidocera pavo, and Acartia erythraea
appears to be l-segmented, but the presence of a ventral
attenuation initially at CV suggests the exopod is a complex
of proximal, middle and distal segments. The ventral
attenuation at CV of 7. Jougicoruis is found distad relative
to the dorsal seta of the presumptive proximal segment, and
this location assists in establishing its homology (Fig. 6C).
Two attenuations are found at CV of P. chierchia (Fig. 7C),
although these might be considered a single attenuation with
a bifurcate tip; alternately the sccond attenuation may bc
a synapomorphy for species of the genus. The ventral

attenuation at CV of L. pavo (Fig. 8C) and A. erytiraca
(Fig. 9C) is located more distally, and thcre are no setae or
other attenuations to aid in establishing scgmental homol-
ogies. Howevcr, during leg 5 development of females of the
acartiid Paralabidocera autarctica (Thompson, 1898). a seta
is found on a l-segmented cxopod at CIV: the addition of
a ventral attenuation follows at CV, and there is no change
at CVI (Tanimura, 1992: figs. 9K, 9M, 11B). Development
of this adult architccture provides support that the ventral
attenuation of the above four specics is homologous to that
of the first five species in this study.

Although, females of T. dextrilobatins do not cxpress
a ventral attenuation during development, this structurc has
been observed on some derived adult females of the genus,
e.g.. Tortanus (Atortus) erabuensis Ohtsuka, Fukuura, and
Go, 1987, or Tortaius (Acutanus) ecornatus Ohtsuka and
Reid, 1998. 1t is interesting to notc that adult female leg 5 of
the acartiid Paracartia grani (Sars, 1904) is quite similar in
architccture to the adult female of T. dextrilobatus. The
exopod is elongate, acute, and curved ventrally. However,
leg 5 development of P. graui is similar to A. ervthraea,
a distinctive attenuation is added at CV which apparently
becomes the terminal part of the clongatc cxopod at CVI
(Vilela, 1972: pl. V fig. 3, pl. VI fig. 6, pl. VIlI fig. 3). No
ventral attenuation i1s added to leg 5 of T. dextrilobatus so
the elongation of the exopod of this species appears not to
be homologous to that of P. grani.

The ventral attenuation present on the middlc exopodal
segment of leg 5 of the ancestral female centropagoidcan
may have been lost secondarily on T. dextrilobatus. Further
cvidence to support this hypothesis may be provided in cither
of two ways. A new derived state may be discovered that is
present in 7. dextrilobatus and in some other centropagoi-
deans that posses a ventral attenuation on leg 5. This ncw
dcrived state then would successfully link species with and
without a ventral attenuation. An alternate solution is to find
a derived statc that is exclusive to and exhaustive of the
centropagoidcans, and one was found during the present
study. The urosome of CV centropagoidean females has no
more than three apparent somites at CV, and the anterior
somitc is longer and larger than the remaining somites. To
our knowledge, the urosome of females of all other calanoids
is compriscd of four somites at CV. The centropagoidean
morphology suggests that the antcrior somitc and the somite
posterior to it (the posterior thoracic somite and the anterior
abdominal somite) fuse during the molt to CV to form the
prcsumptive genital complex present in the adult. Qur
unpublished observations include CIV-VI females of
Candaciidae [Candacia pachydactyvla (Dana, 1849)]. Para-
pontcllidae [Neopoutella typica Scott, 1909] and Pseudo-
diaptomidae [Pseudodiaptonis forbesi (Poppe and Richard,
1890)}; the anterior somitc and the somite posterior to it also
fuse at CV. In Acartia erythraea, the antcrior somite and the
somitc posterior to it fuse during the molt to C1V, and remain
fused through CV and CVI; this is a secondarily derived state
within the centropagoidea. If a genital complex forms in
noncentropagoidcan calanoids with four urosome somites at
CV, fusion of the anterior somite and the somitc postcrior to
it takes place during the molt to CVI. A female with
a urosome of fewer than four somites at CV, including an
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anterior complex of two somites, appears to be a synapo-
morphy of all eentropagoideans and suggests that the ventral
atlenuation on leg 5 initially present at CV has been
secondarily lost in T. dextrilobatus.

Presenee of a ventral attenuation on the middle exopodal
segment of leg 5 females, to our knowledge, is eonfined to
species of Centropagoidea. Females of some augaptilotdean
families (e.g., Heterorhabdidae, Lucieutiidae, or Augaptili-
dae) have a modified ventral seta on the middle segment of
a 3-segmented exopod, but this seta ts not homologous to
the attenuation of eentropagoideans. A modified ventral seta
on an apparently 1-segmented exopod is known for females
of the cnigmatic Fosshageni ferrarii Suarez Morales and
Iliffe, 1996, but there are no ventral attenuations on this
ramus and the ventral seta is not homologous to the ventral
attenuation of female eentropagoideans. In addition, the
urosome of CV females of F. ferrarii is 4-segmented
(Fosshagen, e-mail of 07 Oct 2004 to FDF). Fosshagenia
Servarii is not a member of the Centropagoidea and should
be retained in the Fosshagenoidea.
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