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Abstract

During swimming leg development, the number of setae present on the exopod and endopod of the bilobed bud,
the transformed swimming leg with |-segmented rami and the swimming leg with 2-scgmented rami of copcpods
is analysed. For swimming leg 1, the most Irequent number of setae on the presumptive rami of the bilobed
bud is Tound at a higher percentage among copepod species than the most frequent number of sctac for either
the transformed swimming leg with 1-segmented rami or the swimming leg with 2-segmented rami. However. for
swimming legs 2—4 the most requent number ol setae for the the transformed swimming leg with 1-segmented rami
is found at a higher percentage of species than that on either the bilobed bud or the swimming leg with 2-segmented
rami. Thus, in the cases of swimming legs 2-4, species with different numbers of setac on the presumptive exopod
and endopod of the bud bilobed bud develop the same number ol setae on the rami of the transformed swimming leg
with 1-segmented rami. Increasing the number of species analysed is expected to make more robust the hypothesis
that the number of sctae on the transformed swimming leg with 1-segmented rami is conserved relative to the

number ol setae on the bilobed bud.

Introduction

Development ol swimming legs 1-4 of copepods
takes place from the last naupliar stage through the
copepodid phase of development (Ferrari, 1988; Fer-
rari & Benforado. 1998). The number and kinds of
changes which may take place in these appendages
varies among diflerent copepod species. For the spe-
cies studied here, each pair of swimming legs begins
development as a contralateral pair of bilobed buds
armed with setae on the fourth (swimming leg 1) or
third (swimming legs 2-4) somite from the posterior
somite (bearing the caudal ramus) on the copepod
body (Ferrari, 1988, 1993). The lobes ol the bud are
the presumptive exopod. lateral or dorsal and pre-
sumptive endopod, medial or ventral. Each bud is
transformed during the following molt into a recogniz-
able swimming leg united to its contralateral twin by
a coupler attached to their coxa. The rami ol the trans-
formed swimming leg appear 1-segmented. During
the following miolt, an arthrodial membrane usually
scparates a proximal and a distal segment on both

the exopod and the endopod. This paper examincs
the different numbers of sctae found on the rami dur-
ing each of these three early steps in swimming leg
development.

Methods

Data presented here are from an ongoing study of the
appendage development in copepods: the initial focus
of the study was on the Cyclopidae (Ferrari, 1998) and
therefore the data are heavily weighted for that family
(27 of 64 species in Tables 1 and 2). Development of
swinmming legs 1 and 2 begins at the last naupliar stage
when the bilobed bud of these appendages initially ap-
pears. Information about the last naupliar stage were
studied for 29 copepod species (Table 1). Subsequent
development of swimming legs 1 and 2 and the com-
plete development of swimming legs 3 and 4. takes
place during the six stages ol the copepodid phase of
development. Descriptions ol these stages were stud-
ied for 35 species more (sce Table 2), giving a total of
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Table 1. Species for which the complete development of all
swimming legs is known

Order Family Genus Species

ca Clausocalanidae Psendocalanus elongatus

ca Paracalanidae Acrocalanns gibber

ca Pscudodiaptomidac  Pseudodiaptowns  forbsi

ca Temoridae Tetora lougicoruis
ca Tortanidae Tortanns dextrilobatus
cy Cyclopidac Acauthoevelops  cavoliviauns
cy Cyclopidac Acanthocvelops — robustns

cy Cyclopidac Apocyelops dimorplus
cy Cyclopidac Apocyclops panamensis
cy Cyclopidae Cyclops scutifer

cy Cyclopidue Diacyclops tavus

cy Cyclopidac Diacvclops thowasi

cy Cyclopidac Lucvelops agilis

cy Cyclopidae Macrocvelops albidus

cy Cyclopidae Megacvelops latipes

cy Cyclopidac Mesocyclops edax

cy Cyclopidac Mesocyelops lougisetus
cy Cyclopidae Microeyclops ribellus

cy Cyclopidae Thevwmoevclops  decipiens
cy Cyclopidae Tropocyelops Jawaiceusis
cy Cyclopidac Tropocyelops prasinus
cy Notodelphyidae Dorpygns seclusus
cy Notodelphyidae Notodelpliys affinis

cy Oithonidae Dioithoua octlara

cy Oithonidac Limuoithona tetraspiia
h Canuellidac Coullana canadensis
h Longipediidae Longipedia antericatid
h Miraciidac Macrosetalla gracilis

5 Asterocheridac Scottomvzon gibbermm

ca = Calanoida, cy = Cyclopoida, h = Harpacticoida, s =
Siphonostomatoida.

64 specics for these stages. The results for swimming
legs 2—4 are presented first; the results for swimming
leg 1 are presented last beeause swimming leg | differs
stgnificantly from swimming legs 2-4 in the early set-
ation of the leg bud and the setation of the transformed
leg (Ferrari & Benforado, 1998).

Results

Twenty-two of 29 speeies (76%) bear threc setac on
the presumptive exopod and two setae on the pre-
sumptive endopod of the bilobed bud of swimming leg
2 whieh is present at last naupliar stage. Three other
eombinations are expressed among the eight other spe-
cies studied here (Table 3). Fifty-six of 64 species

Table 2. Species for which data about the bilobed bud of
swimming legs 1 and 2 on nauplius 6 is unknown: only the
copepodid phasc of development is known

Order  Family Genus Species

ca Acartiidae Acartia spinata

ca Actideidac Luchirella nessinensis
ca Centropagidae  Boeckellu Poopoensis
ca Diaptomidae Skistodiaptomus — pygmaeus
ca Euchactidace Euchaera media

ca Lucicutiidae Lucicutia grandis

ca Metridinidac Plenromamna — xiphias

ca Phyllopidac Pliyllopus helgae

ca Ridgewayiidae  Ridgewavia klausruerzleri
cy Cyclopidae Allocyelops silvaticus
cy Cyclopidae Allocvelops sp.

cy Cyclopidae Bryocyelops caroli

cy Cyclopidae Diacyelops dispinosus
cy Cyclopidue Diacvelops eulitovalis
cy Cyclopidac Graeteriella breluni

cy Cyclopidac Halievclops aberrans
cy Cyclopidae Mesocyelops rutieri

cy Cyclopidae Mnscocvelops operculatus
cy Cyclopidae Neocvelops vicitus

cy Cyclopidae Paracyclops chilroni

cy Cyclopidae Speocvelops racovitzai
cy Cyclopidae Stolowicvelops lieggiensis
cy Cyclopidac Troglocyelops Jaustocki
cy Cyclopinidae Cyelopina caroli

cy Cyclopinidac Procyelopina Seiticeira
cy Notodelphyidac ~ Scolecodes hursmiani
cy Oithonidac Oithona similis

cy Oithonidae Oithona simplex

h Metiidac Metis sp.

p Clausidiidac Conchiylinrus quintus

p Clausidiidac Hewicyelops adherens

p Clausidiidac Leptinogaster ajor

p Corycacidac Corycaens augelicus

p Myicolidae Midicola spitosits

ca = Calanoida. cy = Cyclopoida, h = Harpacticoida, p =
Pocecilostomatoida.

(88%) bear seven sctac on the exopod and six setae
on the endopod of the transformed swimming leg 2
with |-segmented rami. whieh is present at eopepo-
did 1. Eight speeies express three other combinations
of setae on the exopod and the endopod (Table 3).
For 36 of 64 species (56%). swimming leg 2 has a
2-scgmented exopod with one seta on the proximal
segment and seven on the distal segment and a 2-
segmented endopod with one seta on the proximal
scgment and six on the distal. The species express-
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Presumptive Re & Presumptive Ri (most frequent is 3 and 2)

3& 1 Apocvclops dimorplus, A. pauawensis. Microeyclops rubellus
2&2 Acrocalanus gibber, Pseudocalanus elougatus, Pseudodiaptowus forbsi
1&0 Mucrosetella gracilis
1-segmented Re & 1-segmented Ri (most frequent is 7 and 6)
7&S5: Coullana canadensis, Bryocvelops caroli, Speocyclops racovitzai
7 &4 Corveaens angelicns
6&5: Lougipedia awericata
6&4: Muacrosetella gracilis
5&3: Metis sp.
& 6: Acartia spinata
2-segmented Re & 2-segmented Ri (most frequent is 7 distal and 1 proximal,
and 6 distal and 1 proximal)
7.1&7 1: Psendodiaptowtus forbsi, Ridgewavia klausruerzleri. Tortauus dextrilobatus
7.1 &5, 1: Graeteriella breluni, Muscocyelops operculatus. Procvelopina feiticeira. Diacyclops
eulitoralis, Stolovicvclops heggieusis
T.1&4 1 Brvocyelops caroli, Speocyelops rucovitzai, Corveaens angelicus
7.1 &5,0: Scolecodes huutsiwiauni
6.1 &7, 1: Skistodiaptonns pyginaeus
6,1 &6, 1: Cvclopina caroli, Oithona similis
6,1 &4, 1: Coullana canadeusis
6.1 &4.0: Muacrosetella gracilis
5,1 &5, 1t Lougipedia awericana
5.1 &4.0: Metis sp.
7.1 &8 - Phivllopus lelgae. Plewrowauuua xiphias. Boeckella poopoeusis
7.1 &7 Lucicutia grandis. Tenora longicoruis
7.1&6- Psendocalanus elougatus, Eucliirella messiveusis
§-&6-: Luchaeta wedia
6-&6-: Acartia spinata

Re = exopod: Ri = endopod: a dash indicates that the arthrodial membrane is not formed between proximal and distal segmeni.

ing the fifteen other combinations are listed in Table
3. These include hve species in which the endopod
remains |-segmented and the exopod ol two of the five
also remains |-segmented.

Thirty-three ol 64 species (52%) bear three setae
on the presumptive exopod and two setae on the pre-
sumptive endopod of the bilobed bud of swimming
leg 3; this bilobed bud is present at copepodid 1. The
remaining specics express six other combinations of
setac on this bilobed bud (Table 4). Fifty-two of 64
species (81%) bear seven setae on the exopod and
six sctac on the endopod of the transformed swim-
ming leg 3 with I-segmented rami which is present
at copepodid Il. Twelve species express seven other
combinations of setae (Table 4). For 38 of 64 species
(59%), swimming leg 3 with 2-segmented rami has

an exopod with one seta on the proximal segment and
seven on the distal segment and an endopod with one
seta on the proximal segment and six on the distal seg-
ment. Speeies expressing the 14 other combinations
of numbers are listed in Table 4. These speeies include
eight in which the endopod remains I-segmented and
for two of these latter eight species the exopod also
remains |-segmented. Examples of swimming leg 3
are shown in Figures 1-3.

Twenty-ninc of 64 species (45%) bear three setae
on the presumptive exopod and two setae on the pre-
sumptive endopod of the bilobed bud of swimming
leg 4; this bilobed bud is present at copepodid I1. The
remaining species express six other combinations of
setae (Table 5). Forty-six of 64 species (72%) bear
seven setae on the exopod and six setae on the endopod
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Tuble 4. Infrequent combinations of setal numbers for bilobed bud. 1-segmented ramus and 2-segmented ramus stages of swimming leg 3

Presumptive Re & Presumptive Ri (most frequent is 3 and 2)

3& 0 Tropocyclops jamnaicensis. T. prasinus, Apocyclops panamensis. A. dimorphus. Graeteriella
breluni. Corveaens angelicus

3&0: Paracyclops cliilltoni, Speocvelops racovitzai, Diacvelops eulitoralis, Stolonicvelops heggiensis,
Metis sp.

2&2: Acrocalanus gibber, Psendocalanus elongatus, Pseudodiaptomus forhsi

& : Allocyclops sp., Midicola spinosus

2&0: Allocyclops silvaticus. Brvocvelops caroli, Muscoeyelops operculatus. Enevclops agilis.

Neocvelaps viciuns, Conchylivrus quintus, Leptinogaster major, Scottowyzon gibbermn, Hentievelops

adherens
1 & O Cyclopina caroli, Halicvelops aberrans, Trogloevelops janstocki. Herrmannella saxidomi
1-segmented Re & 1-segmented Ri (most frequent is 7 and 6)
7&5: Speocvelops racovitzai, Scolecodes hunstmani. Herrmannella saxidomi. Scottonyzon gibbernm
7&2: Corveaens angelicus
6 &6 Skistodiaptomus pygivacas, Qithona similis
6&5: Longipedia americana
o6& 4 Macrosetella gracilis. Metis sp.
5&4: Coulluna canadensis
4 &6 Acartia spinata
2-segmented Re & 2-segmented Ri (most frequent is 7 distal and 1 proximal,
and 6 distal and 1 proximal)
7,1&7,1: Boceckella poopoensis, Ridgewayia klausruetzleri, Psendodiapiomus forbsi
7.1&5, 1 Bryvoevclops caroli female, Diacvelops enlitoralis, Stolonieyclops heggiensis,

Muscocyvelops opercnlams. Proevelopina feiticeira. Macrosetella gracilis, Herrmaunella saxidomi.

Scottomyzon gibbernm
7.1&4.1:
T.1&2 1t
6, 1&7,1:

Speocxclops racovitzal
Corveaens angelicus

Skistodiaptomus pygmaeus

6,1&6. 1: Oithona similis

S50 14&5. 1 Longipedia americana

S.1&4 0 Metis sp.

41 &30 Coullana canadensis

7.1&8-:

7.1&7-: Lucicutia grandis, Enchaeta media
8§-&7-: Temora longicornis

6-&4-: Scolecodes untsniani

5-&7-: Acartiu spinata

Plivllopus helgae. Plenromannna xiphias, Tortanus dextrilobatus

Legend as for Table 3.

of the transformed swimming leg 4 with 1-segmented
ranmi, which is present at copepodid 111. Eighteen spe-
cies express twelve other combinations of setae (Table
5). For 32 of 64 species (50%). swimming leg 4 with
2-segmented rami has an exopod with onc seta on
the proximal segment and nine on the distal segment
and an cndopod with one seta on the proximal seg-
ment and six on the distal. The remaining species
expressing combinations are listed in Table 5. These

include seven species in which the endopod remains
I-segmented and three of these seven species have a
I-segmented exopod.

Twenty-two of 29 species (76%) bear four setae
on the presumptive exopod and two setae on the pre-
sumptive endopod of the biolobed bud of swimming
leg 1. This bilobed bud is present at the last naupliar
stage. The remaining species express five other com-
binations of setae (Table 6). Forty-one of 64 species
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Table 5. Inlrequent combinations of setal numbers for bilobed bud, 1-segmented ramus and 2-segmented ramus
stages of swimming leg 4

Presumptive Re & Presumptive Ri (most Irequent is 3 and 2)

3& 1 Tropocevelops jamaicensis, T. prasinns. Enevelops agilis. Microcvelops rmbellus. Apocyelops
dimorphus. A, panamensis. Graeteriella brelini

3&0: Paracvclops chiltoni. Bryvocevelops caroli, Diacyclops enlitoralis, Speocyelops racovitzai,
Stolonicvelops heggiensis, Metis sp.

2&2: Acrocalanus gibber, Psendocalanus elongams, Psendodiaptonms forbsi

2& 1t Allocyelops sp., Midicola spinosns, Scottomyzon gibbermn

2& 0 Neocvclops vicinns, Alloexelops silvaticns Muscocyelops operculatns, Conchivlinrns quintus,

Hemicvelops adlierens, Leptinogaster major, Conllona canadensis
1 & O Cyclopina caroli, Trogloevcelops janstocki, Halicvelops aberrans, Notodelplivs affinis,

Scolecodes hunstmani, Doropygus seclusus. Herrmanmella saxidomi, Corveaeus angelicus

I-segmented Re & 1-segmented Ri (inost frequent is 7 and 6)

7&S: Bryocyclops caroli. Speocyelops racovitzai
7&4: Macrosetella gracilis, Scottomyzon gibbermn
7& 3 Herrmannella saxidomi

6& 06 Neocvclops vicinus. Leptinogaster niajor, Skistodiaptomus pygmaens
6&5: Allocvelops silvatiens, Muscocyelops opercilatns
6& 4 Metis sp.

6&1: Corycaeus angelicns

S&6: Oithona similis

S5&5: Doropygns seclnsus

S&4: Conllana canadensis, Longipedia americana
1&06: Acartia spinata

1 & 0: Scolecodes mmstmani

2-segmented Re & 2-segmented Ri (most Irequent is 9 distal and 1 proximal,
and 6 distal and 1 proximal)
9.1 & 7. 1. Acrocalanns gibber, Boeckella poopoensis, Phyvillopns helgae, Ridgewavia klausrnetzleri,
Psendodiaptommns forbsi
9.1 &5, t: Diacvelops enlitoralis
9.1 &4, 10 Scottomyzon gibberinm
9.1 &3, &0 Herrmannella saxidomi
8. 1&7,
8,1 & 6.1 Apocyclops dimorplns. A. panamensis, Graeteriella breluni, Microcxyclops rubellns,

Skistodiaptonis pygmaens

Leptinogaster major, Macrosetella gracilis
T.1& 5.1 Alloevelops sp., A. silvaticns
7.0 &4 10 Bryvoevelops caroli male, Metis sp.

6.1 & 4. 1. Muscocyelops opercnlatns, Speocyclops racovitzai
6.1 &S5, 11 Longipedia americana

6,0& 6. 1:  Oithona similis

5.1 &4 10 Conlluna canadensis

9. 1&8-: Plenromannna xiplias

9.1 & 7-:  Halicyelops aberrans

9.1 &5-: Bryocvelops caroli female

9. 1&2-: Corvcaens angelicns

7.1&6-: Stolonicyclops heggiensis

10-&7- Temora longicornis, Scolecodes limitsmani
6-&7- Acartia spinata

Legend as for Table 3.
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Table 6. Infrequent combinations ol setal numbers for bilobed bud. I-segmenied ramus and 2-segmented ramus slages of swimming leg |

Presumptive Re & Presumptive Ri (most frequent is 4 and 2)

4&3: Tortanus dextrilobatus, Teniora longicornis

3&2 Coullana canadensis

2&3 Acrocalonus gibber. Psendocalanus elongatns, Psendodiaptomus forbsi

0& 0 Macrosetella gracilis

1-segmented Re & 1-segmented Ri (most frequent is 8 and 7)

8&6: Allocxclops sp., A. silvaticus. Graeteriella breluui, Procvclopiua feiticeira. Conllana
canadensis, Phyvllopus helgae, Lucicutia grandis, Corveaeus angelicus

8&5: Bryocvelops caroli, Speocxclops racovitzai, Scolecodes himstimani

7&7: Pseudodiaptowmns forbsi

7&6: Stolonicyelops heggiensis

7&5: Enclitvella wessinensis, Muscocyclops operculatus, Longipedia americana, Pseadocalaus
elongatns

6&7: Skistodiaptomays pygmaens, Tortanus dextrilobatus

6 & 6: Acrocalanus gibber

6&35: Euchaera media

6&2: Metis sp.

4&3: Mucrosetella gracilis

2-segmented Re & 2-segmented Ri (most frequent is 8 distal and 1 proximal,

S.1&6.1:

and 7 distal and | proximal)

Apocyelops dimorplins. A. panamensis, Haliexclops aberrans, Neoevelops vicinus

Paracyclops chiltoni. Microevelops rubellus. Diacyclops enlitoralis, Dioithona ocnlata, Qithona similis,

O. simiplex, Linnoithoua tetraspina. Notodelplivs affinis, Doropygus seclusus, Cyelopina caroli,

Conchivlinrus quintus. Herrmannella saxidomi, Leptinogaster major, Midicola spinosus, Conllana

canadeusis, Boeckella poopoensis, Psendiapions forbsi. Acartia spinata

8 1&5. 1t

Allocyclops sp., A. silvaticus, Graeteriella brelui, Proevclopiua feiticeira, Corveaens

Muscocyclops operculatus, Speoeyelops racovitzai, Longipedia anericana

augelicus
8.1 &4 1t Bryocvelops caroli
7.1 &4 1:
7.1&5.1: Stolouicyelops heggiensis
7,0&5,1: Acrocalanus gibber
6,1&6,1: Skistodiaptonins pygmacns
5.1 &2, Mertis sp.
4,0&2,1: Macrosetella gracilis
8, 1 &7-: Pirliopus helgae, Tewora longicornis
8. 1&6-: Lucicutia graudis
7.1&5-: Scolecodes lmmismani, Psendocalanus elongatiss
7,0&8-: Tortanus dextrilobatus
8-&5-: Euchivella messitensis
7-&5-: Euchaeta wedia

Legend as Tor Table 3.

{64%) bear eight sctac on the exopod and seven setace
on the endopod of the transformed swimming leg |
with I-segmented rami. which is present at copepodid
I. Twenty-three species express five other combina-
tions of sctac (Table 6). For 20 of 64 species (31%),
swimming leg | with 2-segmented rami has an exo-

pod with one seta on the proximal segment and eight
on the distal segment and an endopod with one seta
on the proximal segment and seven on the distal. Spe-
cies expressing fifieen other combinations are listed in
Table 6. Among these are eight in which the endopod
remains I-segmented and one of these also has a |-
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Figure 1. Thermocevclops decipiens teg 3. (A) bilobed hud ar cope-
podid I: (B) ransformed swimming leg with 1-segmented rami at
copepodid 11 (C) swimming leg with 2-segmented rami al cope-
podid t11. Line | for A, B and line 2 Tor C are (.05 mm. Exiernal
setae ol the exopod complete; terminal sela of the exopod with ovil
cutoff: all other setae with wavy line cutoff. Dotted outtine within
rami incticales exoskeleton of 1he following developmental stage.

segmented exopod. Examples of swimming leg 1 are
shown in Figures 4-6.

Discussion

The most frequent combination of setal numbers on
the bilobed bud (3 on the exopod and 2 on the endo-
pod), the transformed swimming leg with 1-segmented
rami (7 on the exopod and 6 on the endopod) and the
swimming leg with 2-scgmented rami (1 proximal and
7 distal on the exopod and | proximal and 6 distal on
the endopod). are identical for swimming legs 2 and
3. However the most frequent combination for swim-
ming leg 4 with 2-segmented rami (1 proximal and 9
distal on the exopod and 1 proximal and 6 distal on
the endopod) differs from swimming legs 2 and 3. Fer-
rari & Benforado (1998) suggest that the 2-segmented
exopod of swimming leg 4 represents two contiguous
steps in development of swimming legs 2 and 3. Com-
bining these two steps results in the early allocation to
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Figure 2. Encvelops agilis leg 3. (A) bilohed hud a1 copepodid 1
|presumptive endopodal lobe with one seial: (B) ransformed swim-
ming leg with t-segmented rami at copepodid 11: (C) swimming feg
with 2-segmented rami at copepodid 111. Line 1 for A. B and line 2
for C are (.05 mm. Exiernal setae of the exopod complete: lerminal
sela of 1he exopod with ovat cutoff; all other selae with wavy line
cutoff.

the distal segment of the two setae which will arm the
middle segment of the exopod of the adult.

For swimming leg 1. the bilobed bud, the trans-
formed swimming leg with 1-segmented rami and the
2-segmented rami are quite different from the other
swimming legs. Swimming leg | of copepods differs
from swimming legs 2-4 because as many as four
setae may be present on the presumptive exopod of
the bilobed bud and as many as three sctac may be
present on the presumptive endopod (the latter restric-
ted to Calanoida). The transformed swimming leg |
with 1-segmented rami differs from swimming legs 2—
4 because as many as eight setac may be present on
the exopod and as many as seven setae may be present
on the endopod. Ferrari & Benforado (1998) suggest
that the extra setae, the cighth on the exopod and the
seventh on the endopod of the transformed swimming
leg 1 with 1-segmented rami. will be allocated to the
middle segment of each ramus on the adult. Setae
serially homologous to those allocated to the middle
segment of each ramus on the adult appear later in
development of swimming legs 24,
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Figure 3. Tortanus dextrilobatus leg 3. (A) bilohed hud al eope-
podid 11 (B) mransformed swimming leg with T-segmented rami at
copepodid II: (C) swimming leg with 2-segmented rami at copepo-
did 11§ Jendopod remains 1-segmented]. Line | for A, B is 0.05 mm:
line 2 Tor C is 0.1 mm. Remaining legend as for Figure 2.
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Figure 4. Apocvelops panamensis leg 1. (A) hilohed bud ar nauplius
6; (B) transformed swimming leg with I-segmented rami at cope-
podid I: (C) swimming leg wilh 2-segmented rami a1 copepodid [I.
Line 1 for (A) (B) (C) is 0.05 mm. Remaining legend as lor Figure
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Figure 5. Acrocalanus gibber leg 1. (A) bilobed bud at nauplius 6 |
[presumptive exopodal lobe with two setal: (B) translormed swim-
ming leg with I-segmented rami at copepodid I (C) swimming leg
with 2-segmented rami at copepodid 1 [endopod remains 1-segmen-
ted]. Line | for (A) (B) and line 2 for (C) arc (.05 mm. Remaining
legend as for Figure 2.

Table 7. The percentage of the most frequent comhinalions of setal
numbers among all speeies studied for the three carly stages in
development ol swimming legs 1—

Leg Bud |-segmented rami 2-segmented rami
1 76 64 31
2 76 88 56
3 52 8l 59
4 45 72 50

For swimming leg 1. the most frequent combin-
ation of setal numbers for the exopod and endopod
of the bilobed bud is found in a higher percentage of
species than the progressively decreasing percentages
for the most frequent combination on the transformed
swimming leg with l-segmented rami or the swim-
ming leg with 2-scgmented rami (Table 7). This se-
quence appears logical because the larger number of
setae present in the later two steps of development (up
to 15 for the 1-segmented leg 1 and up to 19 setae for
the 2-segmented leg 1, or up to 13 for the 1-segmented
leg 2 and up to 15 setae for the 2-segmented leg 2)
should provide more opportunity for variation than the
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Figure 6. Temora longicornis leg 1. (A) bilobed bud at nauplius 6;
(B) transformed swimming feg with 1-segmented rami at copepodid
I; (C) swimming leg with 2-segmented rami at copepodid 11 [endo-
pod remains [-segmented]. Line 1 for (A) (B) and line 2 for (C) are
0.05 mm. Remaining legend as for Figure 2.

six or scven setae present on the bilobed bud of leg 1,
or the five setac present on the bilobed bud of lcg 2.
However, this scquence of decreasing percent-
ages as development progresscs is not cxpressed for
swimming legs 2—4. For thesc thrce legs, the most
frequent combination of setal numbers on the exopod
and endopod of the transformcd swimming leg with
I-segmented rami occurs in a higher percentage of
species than the most frequent combination for either
the bilobed bud or the swimming leg with 2-segmented
rami (Tablc 7). That is, several species each with a
dilTerent combination of setal numbers on the bilobed
bud have the same combination of setae on the trans-
formed swimming leg with 1-segmented rami. For
example, Encyclops agilis. Tropocyclops jomaicensis
and T. prasinus with 3 setae on the presumptive cx-
opod and 1 seta on the presumptive cndopod of the
bilobed bud of swimming leg 3, Paracyclops chiltoni
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with 3 sctac on the presumptive exopod but without a
scta on the presumptive endopod of the bilobed bud
of that leg and Hemicvclops adlierens and Coullana
canadensis with 2 and no setae rcspectively (Table
5) are transformed into a swimming leg 3 with 7
cxopodal and 6 endopodal setae on the |-segmented
rami. This is the most frequent combination for that
step of development. So for swimming lcgs 2—4. the
transformed swimming leg with l-segmented rami,
rather than the bilobed bud. has setal numbcrs better
conserved among these copepods.

As noted earlier, the data analysed here are heav-
ily weighted for spccics of Cyclopidac. It is rcason-
able to expect that the above results might change
as data for morc copcpods are analysed. Thc addi-
tion of more copepods from two orders may result in
significant changes. The harpacticoid species presen-
tcd here. Macrosetella gracilis. Coullana canaden-
sis, and Longipedia americana, usually have a lower
number of setae on any ramus than the most fre-
quent combination found in this study. Including morc
harpacticoids may be expected to increase the num-
ber of differcnt combinations for both rami so that the
percentage of the most frequent combination among
all included copepods will decline. Inclusion of more
calanoids will differentially reduce the most frequent
combination for the bilobcd bud of Icg 1 bccause
most calanoids can be expected to have four setac
on the presumptive exopod and three seta on the pre-
sumptive endopod of thc bilobed bud of swimming
leg 1. These calanoid bilobed buds are expected to be
transformed into swimming legs | with 8 exopodal and
7 cndopodal setae, which is the most frequent combin-
ation found for that transformed swimming leg with
1-segmentcd rami.

Homologies of the setac present in thesc vari-
ous combinations will be addressed in a forthcoming
study. For combinations of relatively large numbers of
setac on the exopod plus endopod (3 and 2, 7 and 6. or
7 distal and 1 proximal and 6 distal and 1 proximal on
swimming legs 2-3: 3 and 2, 7 and 6, or 4 distal and
I proximal and 6 distal and 1 proximal on swimming
leg 4: 4 and 2-3. 8 and 7. or 8 distal and | proximal
and 7 distal and 1 proximal on swimming leg 1), setae
are homologous among species expressing the same
combination. Problems with homology exist for some
combinations of rclatively smaller numbers of setae.
The resolution of setal homologies should increasc the
number of combinations with relatively fewer setae
and reduce the percentage of each combination. The
addition of more species and the resolution of setal
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homologies should make more robust the hypothesis
that the combination of setal numbers for the trans-
formed swimming leg with |-segmented rami is better
conserved among copepods than the combination for
the bilobed bud.
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