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ABSTRACT: Limnoithona tetraspina Zhang et Li, 1976 is redescribed, and the morpho- 
logy of the cephalosome, rostral area, oral appendages, legs 1-6 andurosome of adult males 
and females is illustrated. Morphological features separating L. tetraspina from its only 
congener,Z.5/«e«5;5, include: a more pronounced rostrum; 1 seta more on the proximal lobe 
of the basis of the maxillule; 1 seta more on the endopod of the maxillule; middle endopodal 
segment of swimming legs 2-A with 1 seta more; proximal and distal seta of the middle 
endopodal segment of swimming leg 4 with a flange; exopod of leg 5 with a proximal lateral 
seta; male cephalosome ventrally with pores with cilia. A rounded projection between 
labrum and rostrum is a shared derived state for both species of Limnoithona. Derived 
morphological features of the remaining species of Oithonidae, which are not shared with 
L. tetraspina and L. sinensis, include: elongation of the mandibular basis; fusion of the 
proximal endopodal segment of the mandible of females to the basis; 2 setae of the fused 
proximal endopodal segment of the mandible extend ventral to labrum; 3 setae on the 
proximal complex of three endopodal segments of the maxilliped. The two species of 
Limnoithona do not belong to the Oithonidae. They appear to be closely related to species 
of Cyclopettidae, but at this time it would not be meaningful to assign them to a known 
family of the Cyclopoida or to propose a new family for them. The following morphological 
attributes which are shared with different related cyclopoids also are discussed: shape of 
female cephalosome; pores with cilia on male cephalosome; setation of basis and proximal 
segment of the endopod of the mandible; brush-like setae on the exopod of the mandible; 
setation of the maxillule including brush-like seta on the exopod; hyaline flange on setae of 
the endopod of swimming leg 4; lateral location of copulatory pores and leg 6 of females, 
and of leg 5 in both genders; configuration of leg 5. 

KEYWORDS: Copepoda, Cyclopoida, Limnoithona, taxonomy, brackish water, zoo- 
plankton. 
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riepeonncaHMe Limnoithona tetraspina Zhang et Li, 1976 
(Copepoda, Cyclopoida) c o6cy>KAeHMeM aeojiiOMMOHHoro 

3HaHeHM5i npM3HaKOB 06L14MX c Oithonidae 11 ApymMn 
6ojiee ApeBHMMM \xv\Knonov\f\atAv\ 

E.E. A6MaxM\ K.3.ct). Pona^, cD.fl. OeppapM^ 

' Avenida Manuel Hipolito do Rego 1270/ap. 09, ] 1.600-000 Sao Sebastiao, SP, Brasil 
^ Universidade de Sao Paulo, Instituto de Biociencias, Departamento de Zoologia Rua do Matdo, 
travessa 14, No. 321, 05508-900 Sao Paulo, Brazil 
^Department of Invertebrate Zoology, MRC-534, National Museum of Natural History, Smithso- 
nian Institution, 4210 Silver Hill Rd., Suitland, MD 20746 U.S.A. 

PE3IOME: HepeonHcaHHe Limnoithona tetraspina Zhang et Li, 1976 conpoBO}K;iaeTCH 
HJIJIIOCTpailHHMH IiecJjaHOCOMBI, pOCXpaHbHOH nOBepXHOCTH, OKOnOpOTOBblX KOHeHHOC- 
xeM, 1-6-H nap nnaBaxenbntix nor n ypocoMbi nonoBospenbix caivmoB H caMOK axoro BH^a. 
L. tetraspina oTJinnaeTca ox Bxoporo npeflcxaBnxenji po;ia L. sinensis cneayromnMn 
Mopcj)OJiorHHecKHMH oco5eHHocxaMH: pocxpyM Gonee pasBHx; na o^ny niexHHKy 5ojibme 
na npoKCHMaJibnoii nonacxn 5a3Hca n 3H;ionoflHxa MaKCHJiJiyn; cpeflnnii HJiennK 3n;iono- 
Anxa 2-4-ii nap njiaBaxenbHbix nor necex na o;iny mexnnKy Gonbuie; npoKCHMaJitnaa n 
Ancxajibnaa mexnnKH cpeflnero HnennKa an^onoAnxa 4-H njiaBaxenbnoH norn nivieiox 
ynjiomennbm Kpaii; npoKCHMaJitnaa nacxb 3K3onoAnxa 5-H norn c naxepanbnoH mexnn- 
Kon; BenxpajibHaa cxopona i[e(J)aJiocoMH caivma cnaG^Kena nopaMH c cencHUJiaMH. OKpyr- 
jibiH Bbicxyn uemjiy ry5oH H pocxpyMOM - ynHKanbnbiH npnsnaK, oGmnti jinsL jisyx BH;IOB 

Limnoithona. ynnKanbHbie npnanaKH ^pyrnx BH;IOB Oithonidae, oxcyxcxByiomne y L. 
tetraspina uL. sinensis: y/jjinnennbiH 6a3Hc uanpyidyji; cnnxne 6a3Hca c npoKCHMajibnbiM 
HJienHKOM 3n;iono;iHxa Man;iH6yjibi caMKH; ^Be mexHHKH npoKCHManbHoro HnennKa 
3HflonoAHxa Man^inGynbi Bbixanyxbi BHHS K jia6pyMy; xpn mexnnKH na KOMOJieKce ns xpex 
npoKCHManbnbix HJiennKOB 3nflono;iHxa MaKcnnjinneflbi. 06a BH/ja Limnoithona ne npn- 
HaA-neiKax ceMencxBy Oithonidae. Onn, Bepoaxno, nanOonee 6IIH3KH K npeflcxaBHxenJiM 
ceMencxBa Cyclopettidae, HO, B nacxoanjee BpeMH, nepenoc flByx BH;IOB B H3Becxnoe 
ceMencxBo Cyclopoida, pasno KaK n Bbiflenenne noBoro ceMeiicxBa, HBnaioxca npe}K;ieB- 
peMenHHMH. 05cy}K;iaK)xca Mop(J)oiiorHHecKHe npH3naKH iinicjionoHA 6I[H3KHX K 3XHM 

jysyM BHAaM: (jjopivia i(e(J)aJiocoMH caMKn; nopbi c cencHJiJiaMH na uecjjajiocoMe caMn:a; 
Boopy^Kenne mexnnKaMn Gasnca H npoKCHManbHoro nnennKa 3H;ionoflHxa ManAn6yii; 
KHCxoHKOBHAnaa niexnnKa na 3K3onoflHxe Man/jnGyn; Boopy^Kenne mexnnKaMn MaKCHJi- 
nyjibi, B xoM Hncne KncxoHKOBH^inon mexHHKon ee 3K3onoflHxa; rnannnoBbin Kpaii 
niexnnoK 3H;ionoAnxa 4-n nnaBaxenbnoti norn; Jiaxepanbnoe nono^Kenne Konyjiaxopnbix 
nop H 6-ti Horn caMKH, a xaK>Ke 5-n norn y o6onx nonoB; cj)opMa S-ii norn. 

KJHOHEBME CJIOBA: Copepoda, Cyclopoida,Z/m«oiY/zoMa, xaKconoMna, cononoBaxo- 
BOflHbie BO/lOeMbI, 300njiaHKX0H. 
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Introduction 

Limnoithona tetraspina Zhang et Li, 1976 
was described from specimens collected in April, 
1974, in brackish waters of the Yangtze river, 
around Tsungming island, Xangai, China. Cha- 
racters proposed to separate this species from its 
only congener Z. sinensis were: the obtuse and 
ventrally projected rostrum; endopod 2 of swim- 
ming legs 2-3 with 2 medial setae; free segment 
of leg 5 with 2 lateral marginal spines. Aspects 
illustrated were the body in dorsal view, female 
and male legs 1 to 5, female rostral area and the 
male antennule. The inclusion of Limnoithona 
within the Oithonidae as a subgenus of Oithona 
was proposed by Burckhardt (1913) based on 
the description of specimens ofZ. sinensis col- 
lected in China (Sutschau Canal, Wangpu and 
Yangtze rivers). Kiefer (1928) created the sub- 
family Limnoithoninae to whichZ,. sinensis was 
placed. Ferrari and Orsi (1984) showed in detail 
much of the morphology of L. sinensis, which 
remains the only other species of the genus. 

Here we provide a redescription of L. tet- 
raspina. We note a series of its character states 
which are shared with L. sinensis, and that 
diverge from the general morphology of the 
remaining genera of Oithonidae, Oithona, Dio- 
ithona andParoithona. We also discuss charac- 
ters which may help resolve the relationships of 
these two species of Limnoithona with other 
cyclopoids. 

Material and Methods 

Material examined: 3 females and 4 males 
collected in the Sacramento/San Joaquin estu- 
ary, California, USA. Date of sampling and 
name of collector unknown. Specimens were 
provided by the California Department of Fish 
and Game. 

Specimens preserved in ethanol 90% with 
10% water were mounted in lactic acid 80% 
with 20% water, and examined under a Labor- 
lux light microscope. Objective magnifications 
of 25x, 40x and lOOx were used in conjunction 
with lOx oculars. A camera lucida (1.25x) was 
used to make the drawings. Type material was 

not examined. Specimens examined reside in 
personal collections of CEFdR and FDF. 

A pediger is a thoracic somite bearing a 
swimming leg. In general, descriptive terms 
follow (Ferrari 1995). Interpretations of homol- 
ogies of the maxillule follow Boxshall (1985), 
of the maxilla follow Ferrari and Ivanenko 
(2005), of the maxilliped follow Ferrari and 
Ivanenko (2001); the protopod of these three 
limbs has a coxa with one setiferous endite. 

Abbreviations used in descriptive section: 
Al — antennule; A2 — antenna; Cx — 

coxa; B — basis; Enp — endopod; Enpl-Enp3 
— first to third segments of endopod; Exp — 
exopod; Expl-Exp3 — first to third segments 
of exopod; Md — mandible; Mxl —maxillule; 
Mx2 — maxilla; Mxp — maxilliped; P1-P4 — 
swimming legs 1 to 4; P5-P6 — legs 5-6. 

CoKpameHHg. HcnonbsyeiviMe B onncaHHH: 
Al — aHTeHHyna; A2 — aHTenna; Cx - 

KOKca; B — 5a3Hc; Enp — 3H;ionoAHT; Enpl- 
Enp3—nepBbffl-TpeTHH HJienHKH aH^ono/iHTa; 
Exp — 3K3ono.iiHT; Expl-Exp3 — nepBtift- 
xpeTHii HJieHHKH 3K3ono.iiHTa; Md — 
MaH;iH6yjia; Mxl — MaKCHimyjia; Mx2 — 
MaKCHnna; Mxp — MaKCHJuinneiia; P1-P4 — 
\-A nnaBaxenbHtie HOFH; P5-P6 — 5-6 HOFH. 

Redescription of Limnoithona tet- 
raspina Zhang et Li, 1976 

Female. Body length excluding caudal setae: 
0.55 mm; prosome: urosome 1.42:1. Major width of 
body at posterior limit of cephalosome. Cephalo- 
some (Fig. 1 A) partially fused to pediger 1; anterior 
border of pediger 1 indicated by thin, lateral arthro- 
dial membrane absent dorsally. Cephalosome (Fig. 
IB) with short lateral triangular extension at each 
posterior corner. Rostrum (Fig. IC) relative short 
and projecting ventrally, slightly obtuse in lateral 
view and rounded in ventral view; area between 
rostrum and labrum with rounded projection in lat- 
eral view. Pedigers 1-2 about same width in lateral 
view; pedigers 3^ gradually narrowing, with roun- 
ded comers (Figs 1 A, B). Genital double somite 
swollen anteriorly (Fig. lA). Anal somite (Fig. 1 A) 
1.25 times longer than wide and as long as lengths of 
2 preceding somites combined; anal flap simple, arc- 
like. 
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Fig. 1. Limnoithona tetraspina Zhang et Li, 1976. Female. 
A — habitus, dorsal (left antennule not present); B — habitus, left lateral (oral appendages and swimming legs not 
present); C — anterior region of cephalosome, right lateral; D — genital complex, left lateral; E — labrum, ventral. Scale 
bars: A, B — 0.20 mm; C, D — 0.50 mm; E — 0.025 mm. 
PHC. 1. Limnoithona tetraspina Zhang et Li, 1976. CainKa: 
A — o6niHii BHfl CO cnnHti (jieBaa aHTenna He noKa3aHa); B — o6niHii BHA cJieBa (oKOJiopoTOBBie KoneHHOCTH H 

nuaBaTeJiBHBie HOFH He noKasauBi); C — nepeflnaa lacTb ijecjjajiocoMBi, BH^ cnpaBa; D — reHHTajiBHHH KOMnneKC, BHA 

cueBa; E — jia6pyM, BHA CHH3y. MacmxaS: A, B — 0,20 MM; C, D — 0,50 MM; E — 0,025 MM. 
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Fig. 2. Limnoithona tetraspina Zhang et Li, 1976. Female. 
A — antennule; B — anal segment and caudal ranius, dorsal; C — anal segment and caudal ramus, ventral. Scale bars; 

A — 0.025 mm; B, C — 0.50 mm. 

PHC. 2. Limnoithona tetraspina Zhang et Li, 1976. CaMKa: 
A — aHTCHHyjia; B — anajibHUH cerMCHT a KayaajitHaa BCTBt, BHA CO CUHHU; C — anajibHtiH cerMCHT H KayaanbHaa 

BCTBb, BHfl cHH3y. MaciuTaS; A — 0,025 MM; B, C — 0,50 MM. 
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Al (Fig. 2A) with 11 segments, reaching no 
further than posterior border of pediger 1; aes- 
thetascs absent; setal armament of segments, proxi- 
mally to distally: 3, 5, 9, 3+1 spine, 2, 2, 1, 1, 1, 2, 
5+1 short, thin seta. 

Labrum (Fig. IC, E) represented by triangular 
lobe in ventral view with 16-20 articulated spinules. 

A2 (Fig. 4A) basis with 1 distomedial seta. Enp 
3-segmented. Enpl bearing 1 medial seta at 
midlength. Enp2 with 2 short medial setae and 3 long 
distomedial setae; Enp3 with 7 setae at tip plus 
proximodistal muscles internally. Exopod absent. 

Md comprising gnathobase (not figured) and 
palp. Mandibular palp (Fig. 3B) consisting of basis, 
2-segmented Enp, and 4-segmented Exp. Basis with 
1 medial seta. Enpl with 3 plumose setae. Enp2 with 
5 setae. Expl-3 each with 1 seta. Exp4 with 2 setae, 
lateral terminal seta short with brush-like tip. 

Mxl (Fig. 3A) with praecoxal endite well- 
developed, bearing 10 setae. Endite of coxa with 
plumose seta. Coxal epipodite carrying 1 short 
and 1 long seta. Basis with both endites similar in 
shape and size; proximal endite with 3 setae, 
middle seta robust and spinulate; distal endite 
with 2 setae. Enp 1 -segmented with 5 setae. Exp 1 - 
segmented with 4 setae; medial seta short with 
brush-like tip. 

Mx2 (Fig. 4B) consisting of syncoxa with 2 
endites, a praecoxal endite with 4 setae and a coxal 
endite with 1 seta. Basis with 2 endites, each with 3 
setae. Enp 4-segmented; Enpl expanded into claw 
with short seta at base, and with 1 long seta medially 
and a shorter seta posteriorly. Enp2 with 4 setae. 
Enp3 with 2 setae. Enp4 with 4 setae. 

Mxp (Fig. 4C) with praecoxa of 2 lobes, proxi- 
mal with 1 seta and distal with 3 setae. Coxal lobe 

with 2 setae. Basis elongate with 2 setae and medial 
denticles. Endopod 2-segmented. Enpl with 1 seta. 
Enp2 with 2 long and 1 short setae. 

P1-P4 (Fig. 5A-D) armament as indicated in 
Table 1. 

Basis of all legs with tegumental pore on anterior 
face. 

Enp2 of P4 proximal and distal medial setae 
curved and with hyaline membrane along the distal 
section. 

P5 basis fused to pediger 5; lateral seta of basis 
originating on protuberance of pediger. Exp 1-seg- 
mented with 2 lateral spines, 1 long apical seta, and 
1 short, medial seta (Fig. 3C). 

P6 a bud laterally with 1 long seta and 1 spinule 
(Fig. ID). 

Caudal ramus (Fig. 2B, C) 5.5 times longer than 
wide, about twice length of anal somite with 1 dorsal, 
1 lateral and 4 terminal setae. 

Male. Body length excluding caudal setae 0.38 
mm; prosome: urosome 1.2:1. Major width of body 
at posterior limit of cephalosome (Fig. 6A, B). Pedi- 
ger 1 partially fused to cephalosome dorsally (Fig. 
6A), as in female. Cephalosome with a short, lateral 
triangular extension at each posterior corner; pores 
with cilia along ventral and posterior margins of 
cephalosome and extension; pores without cilia on 
lateral face of cephalosome (Figs 6B). Urosome 6- 
segmented (Figs 6A, B); genital somite swollen 
anteriorly and slightly more developed than subse- 
quent segments. Caudal ramus (Figs 6C, D) about 
4.5 times longer than wide. 

A1 with 17 segments and armed as shown in Fig. 
7B; proximal geniculation between segments 10 and 
11; distal geniculation well marked between seg- 
ments 15 and 16; each of the 4 segments preceding 

Table 1. P1-P4 setae and lateral marginal spine armament (Roman numerals indicate apical and lateral 
marginal spines and Arabic numerals indicate medial and lateral setae). 

TaGnHqa 1. Boopy^KeHHe meTHHKaMH H naTepantHbiMH KpaeBWMH mnnaMH 1-4 nnaBaxentHbix nor 
(pHMCKHe itH(|)pi,i o6o3HaHaK)T anHKanBHbie H jiaxepajibHtie KpaeBbie mHUbi, apa5cKHe qH(|)pbi - 

MeflHanBHbie H jiaxepajibHwe mexHHKH). 

Cx B B Exp2 Exp3 Enpl Enp2 Enp3 

PI 0-1 1-1 1-1 1-1 111-1+1-3 0-1 0-1 1-2-3 

P2 0-1 1-0 1-0 I-l III-I+1-4 0-1 0-2 1-2-3 

P3 0-1 1-0 1-0 I-l III-I+1-4 0-1 0-2 1-2-3 

P4 0-1 1-0 1-0 I-l III-I+1-4 0-1 0-2 1-2-2 
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Fig. 3. Limnoithona tetraspina Zhang et Li, 1976. Female. 
A — maxillule; B — mandibular palp; C — exopod of leg 5. Scale bars: A, B — 0.025 mm; C — 0.05 mm. 
PHC. 3. Limnoithona tetraspina Zhang et Li, 1976. CaMKa: 
A — MaKCHJiJiyjia; B — najitna MaH^HSyji; C — 3K3onoflHT 5-H HOFH. MacniTaS: A, B — 0,025 MM; C — 0,05 MM. 

the distal geniculation with 1 spiniform seta; termi- 
nal segment without aesthetasc. 

A2 (Fig. 9C) with distinct, unarmed coxa. Basis 
without seta; poorly defined articulation between 
basis and Enpl. Enpl-Enp3 armed as in female. 

Md (Fig. 8A), Mxl (Fig. 8B), Mx2 (Fig. 8C), 
Mxp (Fig. 8D), P1-P4 (Figs. lOA-D) and P5 (Fig. 
9A, B) similar to female. 

P6 a ventrolateral, bud-like flap with 1 long and 
1 short seta (Fig. 9A, B). 

Comments 

A re-examination of specimens of/,, sinen- 
sis from the Sacramento-San Joaquin River con- 
firms (personal collection of FDF): complete 
arthrodial membrane between the basis and 
endopod of the mandible; 2 setae on the proxi- 
mal lobe of the basis of the maxillule and 4 setae 
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Fig. 4. Limnoithona tetraspina Zhang et Li, 1976. Female. 
A — antenna; B — maxilla; C — maxilliped. Scale bars: A-C — 0.025 mm. 
PHC. 4. Limnoithona tetraspina Zhang et Li, 1976. CaMKa: 
A — anxeHHa; B — MaKCHUJia; C — niaKCHJumnea. MacniTaS: A-C — 0,025 : 

on its endopod; 1 seta on the middle endopodal 
segment of swimming leg 4, and no setae on the 
endopod modified with a flange; male cephalo- 

some without pores with cilia. However, a round- 
ed projection between rostrum and labrum, a 
second, small seta on the exite of the maxillule, 
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Fig. 5. Limnoithona tetraspina Zhang et Li, 1976. Female. 
A — leg 1; B — leg 2; C — leg 3; D — leg 4. Scale bars: A-D — 0.05 mm. 
PHC. 5. Limnoithona tetraspina Zhang et Li, 1976. CainKa:. 
A — 1-a Hora; B — 2-s Hora; C — 3-a Hora; D — 4-a Hora. MacniTaS: A-D - - 0,05 MM. 
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1 brush-like seta on the exopod of the mandible 
and 1 brush-like seta on the maxillule were 
missed in the redescription of the species by 
Ferrari and Orsi (1984). 

Limnoithona tetraspina differs fromZ. sin- 
ensis by having a rostrum more pronounced 
ventrally; 1 seta more on the proximal lobe of 
the basis and 1 seta more on the endopod of 
maxillule; middle endopodal segment of swim- 
ming legs 2-A with 2 setae; proximal and distal 
seta of the middle endopodal segment of swim- 
ming leg 4 with a flange; exopod of leg 5 with a 
proximal lateral seta; male cephalosome ven- 
trally with pores with cilia. We have chosen to 
retain these two species in Limnoithona, al- 
though differences between them are compara- 
ble in number and degree of transformation to 
differences among Paroithona, Dioithona, and 
Oithona within the Oithonidae. 

Distribution 

Limnoithona tetraspina, like its only conge- 
nerZ. sinensis, initially was described from the 
low salinity waters of the mouth of the Yangtze 
River in China. Subsequently both species were 
reported from the Sacramento/San Joaquin es- 
tuary, in California, USA. A synanthropic intro- 
duction, perhaps mediated by ship ballast water, 
would imply the Sacramento-San Joaquin ani- 
mals were separated from those of the Yangtze 
for no more than 200 years, with the beginning 
of trans-Pacific shipping (Ferrari, Orsi, 1984). 
Ishida (2002) recently reported a female of 
Limnoithona sp. from a lower reaches of the 
Urauchi River in Iriomote Island, the Ryukyus, 
although these specimens may belong to Oitho- 
na dissimilis (26 March 2005 e-mail from Hi- 
roshi Ueda to FDF). 

Discussion 

When the first cladistic studies of cyclopoid 
copepods were published (Ho, 1986; Ho, That- 
cher, 1989), Oithonidae (consisting of species 
of Limnoithona, Oithona, Dioithona, and Pa- 
roithona) was considered a monophyletic taxon 
based on the presence of a well-developed. 

claw-like seta rather than a claw-like attenua- 
tion on what was then considered the basis of the 
maxilla (this segment is now interpreted to be 
the proximal endopodal segment (Ferrari, Iva- 
nenko, 2005)). Although a claw-like seta may 
be presumed to form in three oithonid genera 
(Oithona, Dioithona, and Paroithona), this is 
not the case for species of Limnoithona. In 
Limnoithona, a robust attenuation of the seg- 
ment, often termed a claw, is present on this 
segment of the maxilla. Subsequent phyloge- 
nies for Cyclopoida proposed by Ho (1994) and 
Ho et al. (1998) recognized the presence of one 
seta in the epipodite of the maxillule as a syna- 
pomorphy of Oithonidae. This holds true for 
most species in the oithonid genera Oithona, 
Dioithona, and Paroithona, although the de- 
scriptions of some species do not indicate any 
seta. However, this state does not apply to 
Limnoithona, which shows two setae on the 
epipodite, a state shared with species of Psam- 
mocyclopinidae (see Martinez Arbizu, 2001a), 
Smirnovipina (see Martinez Arbizu, 1997a), 
and Notodeophyidae (see Dudley, 1966). More- 
over, some species in cyclopoid families Cyclo- 
pettidae (see Martinez Arbizu, 2000a), Cyclo- 
pinidae (see Martinez Arbizu, 1997b; Elwers et 
al. 2001; Ivanenko, Defaye, 2004), Giselinidae 
(see Martinez Arbizu, 2000b), Hemicyclopin- 
idae (see Martinez Arbizu, 2001b), and Spele- 
oithonidae (see Rocha, Iliffe, 1991, 1993) also 
bear only one seta on this epipodite. 

Presence of two setae on the distal enditic 
lobe of the basis of the maxillule ofLimnoitho- 
na has not been observed in Oithona, Dioitho- 
na, and Paroithona (see Nishida, 1985) al- 
though it has been reported for Cyclopinidae 
(see Lotufo, 1994), Giselinidae, Pterinopsil- 
lidae (see Wilson, 1973) and Smirnovipina. 
Species of Oithona, Dioithona, and Paroitho- 
na express a slight elongation of the proximal 
endite of the basis of the maxillule, so that its 
setae are distinctly separate from those of the 
distal endite. This state is not observed for 
either species of Limnoithona. An easily over- 
looked state of the exopod of the maxillule is a 
short, brush-like seta in the medial position. In 
addition to Limnoithona, this seta also is ob- 
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Fig. 6. Limnoithona tetraspina Zliang et Li, 1976. Male. 
A — body, dorsal (left antennule not present); B — body, left lateral (oral appendages and swimming legs not present); 
C — anal segment and caudal ramus, dorsal; D — anal segment and caudal ramus, ventral. Scale bars: A-C — 0.10 mm; 
D, E — 0.025 mm. 
PHC. 6. Limnoithona tetraspina Zhang et Li, 1976. Cameii: 
A — o6mHii BHfl CO CUHHBI (jieBaa aHTeuHyjia ne noKajaua); B — o6mHii BHA cJieBa (oKOJiopoTOBBie KOHCHHOCTH H 

nuaBaTenBHBie HOFH HC noKa3aHBi); C — aHajiBHBiii cerMCHT H KayaanBHaa BCTBB, BH/I CO cnHHbi; D — anajiBBbiH 
cerMCHT H KayaajiBHaa BCTBB, BHA CHH3y. MaciuTaS: A-C — 0,10 MM; D, E — 0,025 MM. 
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Fig. 7. Limnoithona tetraspina Zhang et Li, 1976. Male. 
A — cephalothorax, lateral; B — antennula. Scale bars: A — 0.10 mm; B — 0.025 mm. 
Fig. 7. Limnoithona tetraspina Zhang et Li, 1976. CaMeij: 
A — itecjjajioTopaKc, BHA c6oKy; B — aHTeHHyna. MacmxaG: A — 0,10 MM; B — 0,025 MM. 

served onOithona (unpublished observations), 
Dioithona (see Ferrari, Ambler, 1992), the 
hemicyclopinid genus Procyclopina (unpub- 
lished observations), and for the cyclopinid 
genera Cyclopina (see Gomez, Martinez Arbi- 
zu, 2004) and Heptnerina (see Ivanenko, De- 
faye, 2004). It has not been reported on the 
exopod of the maxillule ofParoithona or other 
cyclopoids. 

The structure of the mandibular palp of the 
female of both species of Limnoithona, in which 
the proximal segment of the endopod articulates 

with the basis, differs from Oithona, Dioithona, 
and Par oithona. On females of the latter three 
genera, the arthrodial membrane separating the 
proximal segment of the endopod from the basis 
fails to form, although this arthrodial membrane 
is expressed in males of these three oithonid 
genera. Setal armament of the proximal en- 
dopodal segment of the mandible of the endo- 
pod of Limnoithona differs conspicuously from 
that of Oithona, Dioithona, and Paroithona. In 
the latter three genera, the proximal endopodal 
segment bears two setae, usually thick and ge- 
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nerally ornamented with short, densely-packed 
setules in estuarine species, or with more sparse- 
ly-spaced setules in neritic and oceanic species 
(Nishida, 1985). One or both of these setae are 
thicker relative to the seta of the basipod. Lim- 
noithona bears three setae on this segment, the 
largest number known for any cyclopoid and a 
state shared with species of Cyclopinidae and 
Notodelphyidae. The presence of one or two 
thick setae extending from the fiised proximal 
endopodal segment out over the labrum of Oi- 
thona, Dioithona orParoithona is considered a 
complex synapomorphy uniting the true oi- 
thonids. An easily overlooked state of the exo- 
pod of the mandible is a short, brush-like seta 
in the terminal position of the distal segment; 
this seta has been observed on Limnoithona, 
Oithona (see Ferrari, 1981), Dioithona (see 
Ferrari, Ambler, 1992), the hemicyclopinid 
genus Procyclopina (unpublished observa- 
tions), and on the cyclopinid genera Cyc/o/<;'«a 
(see Smirnov, 1935; Lotufo, 1994; Gomez, 
Martinez Arbizu, 2004) and Heptnerina (see 
Ivanenko, Defaye, 2004). A simple, unmodi- 
fied seta is present in this position onParoitho- 
na and other cyclopoids. 

The proximal segment of the 2-segmented 
endopod of the maxilliped bears one seta on 
species of Limnoithona, as well as species of 
Cyclopettidae, some species of Speleoithona 
and many species of Cyclopidae. On species of 
the remaining genera of the Cyclopidae, as well 
as other species of Speleoithona, the three oi- 
thonid genera, and species of Psammocyclopin- 
idae, Smirnovipina, Cyclopinidae, Giselinidae 
and Hemicyclopinidae, the endopod of the max- 
illiped consists of more than two segments or the 
proximal segment bears more than one seta. 
Developmental studies of selected species among 
this second group show that the endopod devel- 
ops through the early copepodid stages by add- 
ing arthrodial membranes and setae so that the 
ramus is more than 2-segmented, or by adding 
only setae resulting in segment complexes with 
more than one seta (Ferrari, Ivanenko, 2001, 
2005). Development of L. sinensis and many 
species of Cyclopidae shows that a 2-segmented 
endopod with only one seta results from a trun- 

cation of maxilliped development after the first 
copepodid stage (Ferrari, Ivanenko, 2001). 

The proximal seta and the distal seta of the 
middle segment of the endopod of swimming 
leg 4 ofLimnoithona tetraspina is modified by 
the addition of a distal flange. Species of Dio- 
ithona and Oithona, with the exception of O. 
simplex, have the distal seta, or the proximal 
seta and the distal seta of this segment modi- 
fied in this way. In addition, the proximal seta 
of the distal segment of both oithonid genera 
also is modified with a distal flange. On spe- 
cies of Oithona, these setae often are curved 
rather than straight, as they are inZ. tetraspina 
and species of Dioithona. In the monotypic 
genus Smirnovipina, the proximal seta and the 
distal seta of the middle segment, and the 
proximal seta of the distal segment are similar- 
ly modified. Species of Speleoithonidae are 
variable. The proximal seta and the distal seta 
of the middle segment, and the proximal seta of 
the distal segment are modified on Speleoithona 
salvadorensis Rocha et lliffe, 1991; the proxi- 
mal seta and the distal seta of the middle seg- 
ment, and the proximal seta plus the middle seta 
of the distal segment are modified on S. ber- 
mudenensis Rocha et lliffe, 1993. Speleoithona 
elutherensis Rocha et lliffe, 1991 has only one 
seta on the middle endopodal segment; it is 
modified with a fiange, as is the proximal seta 
and one terminal seta of the distal segment. 
Similarly derived setae are absent fromLimnoi- 
thona sinensis, from species ofParoithona (see 
Nishida, 1986; Ferrari, Boettger, 1986) as well 
as all remaining cyclopoids. 

Partial fusion dorsally between the cephalo- 
some and the tergite of the first pedigerous 
somite was observed in males and females of 
both species of Limnoithona; a short, lateral 
extension of the posterior comer of the cephalo- 
some also is present in both genders. A partial 
fusion and similar lateral extension has been 
reported for the female of Cyclopetta boetiusae 
Martinez Arbizu, 2000 but not for the female of 
the type species, C. difficilis. The pedigerous 
somite articulates completely with the cephalo- 
some of both genders of Oithona, Paroithona, 
and Dioithona; Oithona males express a dis- 
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Fig. 8. Limnoithona tetraspina Zhang et Li, 1976. Male. 
A — mandible; B — maxillule; C — maxilla; D — maxilliped. Scale bars: A-D — 0.025 mm. 
PHC. 8. Limnoithona tetraspina Zhang et Li, 1976. Caivieii: 
A — MaHAHSyjia; B — MaKCHJiJiyjia; C — MaKCHJiJia; D — niaKCHJiJinneA. MacniTaS: A-D — 0,025 MM. 
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Fig. 9. Limnoithona tetraspina Zhang et Li, 1976. Male. 
A — legs 5 and 6, left lateral; B — legs 5 and 6, ventral; C — antenna. Scale bars: A-C — 0.025 mm. 
PHC. 9. Limnoithona tetraspina Zhang et Li, 1976. Caivieii: 
A — 5-ii H 6-ii Hora, BHa cneBa; B — 5-a H 6-a Hora, BH/I CHHsy; C — aHTenna. MacmTa6: A-C — 0,025 MM. 
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tinct lateral extension of the cephalosome (Fer- 
rari, 1977; Ferrari, Bowman, 1980; Rocha, 
1985), but males oiParoithona and Dioithona 
lack this extension. 

Pores, each with a pair of cilia, located along 
the ventral margin of cephalosome and along 
the ventral and posterior margins of the lateral 
extensions of the cephalosome, appear unique 
to the males ofLimnoithona tetraspina; they are 
not shared with L. sinensis. Similar pores with 
cilia are known to form complex patterns on the 
lateral cephalosome of males of other cyclo- 
poids. Males of most species of Oithona, with 
the exception of <9. bjornbergae, bear a charac- 
teristic pore pattern on the ventrolateral face of 
the cephalosome and its lateral extension (Fer- 
rari, 1977; Ferrari, Bowman, 1980; Rocha, 
1985). A pair of cilia, composed of 50-60 
microtubules, protrudes through eachpore from 
a spherical cavity within the cephalosome (Nishi- 
da, 1986). The lateral extension of the cephalo- 
some then appears to increase the surface area 
upon which pores open because there are no 
spherical cavities on the somite directly beneath 
the lateral extensions. This pattern of ciliated 
pores has been implicated in a precopulatory, 
mate-locating, swimming behavior of Oithona 
males (Uchima, 1985; Uchima, Murano, 1988). 
The diversity of pore patterns and the presence 
of pores on the lateral extensions suggests that 
pore spacing is important to this behavior of 
males of Oithona. 

Pores with a pair of cilia on the lateral face 
of the cephalosome also are known for the 
planktonic male morph of the notodelphyid 
cyclopoid Pachypygus gibber, a parasite of 
tunicates (Hipeau-Jacquotte, 1978,1984). Nei- 
ther the female nor the sedentary male morph 
bears these pores, and neither the planktonic 
male morph nor the sedentary male morph has 
lateral extensions of the cephalosome (Hipeau- 
Jacquotte, 1980, 1986). The ciliated pores are 
sensory and their structure is similar to that of 
males of Oithona. However, exocrine glands 
are associated with the ciliated pores of the 
planktonic males of P. gibber (see Hipeau- 
Jacquotte, 1978). Pores of the planktonic male 
have been hypothesized to function in locating 

a female within its tunicate host, rather than the 
host itself (Hipeau-Jacquotte, 1986). 

Males of other cyclopoids, like Limnoitho- 
na sinensis and species oi Paroithona and Dio- 
ithona, lack pores with cilia. Among these spe- 
cies, mate location has been studied only for/). 
oculata. Males and females of this species cop- 
ulate early in the morning in shafts of light which 
also provide a general cue for daytime swarm 
formation of the copepodids (Ambler et al., 
1999). A complex swimming behavior for mate 
location utilizing a pattern of pores with cilia as 
hypothesized for Oithona males (Unchima, 
Morano, 1988) would appear to be redundant 
for males of/), oculata. 

The armament of the exopod of P5 is diffi- 
cult to compare. Limnoithona tetraspina has 
two lateral spines, one apical seta, and one 
medial seta; the proximal lateral spine is absent 
from L. sinensis. Species of Oithona, Dioitho- 
na, and Paroithona bear only an apical seta on 
the exopod of leg 5; presumably this seta is 
homologous to the apical seta of both species of 
Limnoithona. Species of Dioithona bear two 
setae on the exopod of leg 5 and these are 
hypothesized here to be the apical seta and the 
medial seta of both species of Limnoithona. 
Absence of both lateral setae of the exopod of 
leg 5 separates Oithona, Dioithona, and Paroi- 
thona from Limnoithona. 

Conclusions 

Because the states of many of the charac- 
ters discussed above remain poorly studied 
among cyclopoids, the following conclusions 
may change as new observations become avail- 
able. A rounded proj ection between the labrum 
and the rostrum of both genders appear to be a 
synapomorphy for the two species ofLimnoi- 
thona. The two species ofLimnoithona do not 
share with species of OithonaandParoithona: 
an elongate mandibular basis; fusion of the 
proximal endopodal segment of the mandible 
of females to the basis; 2 setae of the fused 
proximal endopodal segment of the mandible 
extending ventrally over the labrum; 3 setae on 
the proximal endopodal complex of the maxil- 
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Fig. 10. Limnoithona tetraspina Zhang et Li, 1976. Male. 
A — leg 1, B — leg 2; C — leg 3; D — leg 4. Scale bars: A-D — 0.025 mm. 
PHC. 10. Limnoithona tetraspina Zhang et Li, 1976. CaMem 
A — l-a Hora, B — 2-a Hora; C — 3-a Hora; D — 4-a Hora. MacmTa6: A-D - - 0,025 MM. 
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liped. These states appear to be synapomor- 
phies for Oithonidae, and therefore both spe- 
cies of Limnoithona should be removed from 
Oithonidae. 

Several derived states should be considered 
when placing Limnoithona within a larger lin- 
eage of cyclopoid families. A brush-like seta on 
the exopod of the mandible and a brush-like seta 
on the exopod of the maxillule is shared with 
Oithona, Dioithona and the cyclopinid genus 
Heptnerina; absence of these setae appears to 
be a secondary loss and an apomorphy oiParoi- 
thona. Presence of sensory pores, each with a 
pair of cilia, that originate on the cephalosome 
of males of L. tetraspina is shared with most 
species of Oithona andPachyptylus; these pores 
appear to have been lost secondarily from L. 
sinensis, as well as from all species oiDioithona 
and all species of Paroithona. Presence on the 
endopod of swimming leg 4 of one or more setae 
modified with a distal flange is shared among 
species of Oithona, Dioithona, Smirnovipina 
and Speleoithonidae, but the modiflcation ap- 
parently is lost in L. sinensis, and species of 
Paroithona and other cyclopoids. A lateral ex- 
tension of the female cephalosome and absence 
dorsally of the arthrodial membrane separating 
the cephalosome and pediger 1 are shared by 
females of both species Limnoithona and the 
female of Cyclopetta boetiusae Martinez Arbi- 
zu, 2000a. A lateral extension of the male ceph- 
alosome ofLimnoithona is shared with males of 
Oithona although the cephalosome and tergite 
of the first pedigerous somite are fused dorsal- 
ly on males of Oithona. Presence of only one 
seta on the proximal endopodal segment of the 
maxilliped, which results from the truncated 
development of the ramus after first copepodid 
stage, appears to be shared with species of 
Cyclopettidae. However, this state also is de- 
rived convergently within the family Cyclopi- 
dae, because species in basal genera of the 
family bear more setae and segments (Ferrari, 
Ivanenko, 2001, 2005) . These states also ap- 
pear to order species of Oithona, Dioithona 
and Paroithona, along with species ofLimnoi- 
thona and Cyclopettidae within a larger cyclo- 
poid lineage. 

A close relationship between Oithonidae, 
including Limnoithona, and Cyclopettidae has 
been suggested previously by Martinez Arbizu 
(2000a) based on the lateral position of the 
copulatory pores, of leg 6 and of leg 5, the loss 
of the inner coxal sclerite of leg 5, and loss of 
the arthrodial membrane between the protopod 
of leg 5 and its somite so that the lateral basal 
seta appears to originate on the sixth somite. 
However, these states of Cyclopettidae may be 
convergent within the Oithonidae. A lateral 
extension of the female cephalosome and the 
dorsal fusion of the cephalosome and tergite of 
the first pedigerous somite in both genders even- 
tually may prove to be a synapomorphy of the 
Cyclopettidae including Limnoithona, but the 
state of these characters is not known for most 
species presently included within the Cyclopet- 
tidae (Martinez Arbizu, 2000a). The modified, 
brush-like seta on the exopod of the mandible 
and on the exopod of the maxillule, and the 
modified fiage setae on swimming leg 4 of the 
Oithonidae including one species ofLimnoitho- 
na have not been reported for any species of 
Cyclopettidae. Until a systematic evaluation of 
all of these characters is undertaken, assigning 
the two species of Limnoithona to a known 
family of the Cyclopoida or to propose a new 
family for them would not be useful. However, 
the two species of Limnoithona are closely 
related to species of Cyclopettidae as the fol- 
lowing analysis suggests. 

There appears to be a large monophyletic 
lineage of basal cyclopoids which can be diag- 
nosed with: a brush-like seta on exopod of 
mandible; a brush-like seta on exopod of max- 
illa 1; one or more medial setae on the endopod 
of swimming leg 4 modified with a fiange; pores 
on the male cephalothorax. In addition, the 
endopod of the maxilliped of these basal cyclo- 
poids develops during the copepodid phase re- 
sulting in a number of different and important 
configurations of this ramus (Ferrari, Ivanenko, 
2001). The above states may have existed for 
the ancestral cyclopoid. 

Within this large monophyletic lineage is a 
restricted lineage diagnosed by: leg 5 in lateral 
position; loss of the inner coxal sclerite of leg 5; 
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protopod (basis) of leg 5 fused to sixth somite so 
that the lateral basal seta appears to originate on 
the sixth somite; copulatory pore and leg 6 in 
lateral position on seventh thoracic somite. This 
restricted lineage may include species of the four 
genera proposed for Cyclopettidae (Martinez 
Arbizu, 2000), Cyclopetta, Paracyclopetta,Arc- 
tocyclopina and Paracyclopina, the two species 
of Limnoithona plus Cyclopina intermedia 
Sewell, 1924 and Cyclopina longifurca Sewell, 
1924, and the species of Oithonidae. Unfortu- 
nately not all of these characters have been ob- 
served for all of the species, so a number of the 
states are unknown. No taxonomic name is pro- 
posed for this restricted lineage. 

Within the restricted lineage, the Oithonidae 
can be diagnosed by: an elongate mandibular 
basis whose two setae extend ventral to the 
labrum; a proximal complex of three endopodal 
segments on the maxilliped which is the result of 
the continued development of this endopod dur- 
ing the copepodid phase. The continued devel- 
opment is not a synamporphy because it is 
shared with many basal cyclopoids; the synapo- 
morphy is the proximal complex of three en- 
dopodal segments. The endopod of the maxil- 
liped of Cyclopina intermedia and Cyclopina 
longifurca possess more than one seta suggest- 
ing a segment complex, but the conformation of 
this ramus does not resemble that of the Oi- 
thonidae nor is their mandibular basis elongate. 
The position of Cyclopina longifurca and Cy- 
clopina intermedia within the restricted lineage 
is uncertain. 

Also within the restricted lineage, the spe- 
cies of Limnoithona, Cyclopetta, Paracyclo- 
petta, Arctocyclopina and Paracyclopina share 
a maxilliped endopod whose proximal segment 
is not a segment complex; it is a single segment 
bearing one medial seta. This state results from 
an endopod whose development is truncated 
after the first copepodid stage, and the state is an 
apomorphy for the species of these five genera. 
However, it cannot be proposed unabiguously 
as a synapomorphy to diagnose the Cyclopetti- 
dae because the state has evolved at least one 
other time, within the Cyclopidae. So a hypoth- 
esis that it may also have evolved more than 

once amongLimnoithona, Cyclopetta, Paracy- 
clopetta, Arctocyclopina and Paracyclopina 
must be considered. Both genders of some spe- 
cies of Limnoithona, Cyclopetta, Paracyclo- 
petta, Arctocyclopina and Paracyclopina also 
share a lateral extension of the female cephalo- 
some and dorsal fusion of the cephalosome and 
tergite of the first pedigerous somite. If these 
two states plus the state of the proximal endopo- 
dal segment of the maxilliped are proposed for 
the ground pattern of the Cyclopettidae then 
Limnoithona and Cyclopetta would be placed in 
the family. The status ofParacyclopetta, Arcto- 
cyclopina and Paracyclopina would remain 
ambiguous due to lack of observations. 
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