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Abstract

The diaptomids discussed represent a group of incompletely known and, at first glance, closely related species.
The most conspicuous feature shared among them is the general aspect of the exopodite segment 2 of the male leg
5. Through a study of literature and comparison of descriptions with material from several localities, some of them
type localities, of northern Argentina, Uruguay and Paraguay, N. anisitsi Daday, 1905 and N. spinuliferus Dussart,
1985 are redescribed and one new species is described. The validity or possible conspecificity of N. inflexus (Brian,
1925), N. bidigitares Brehm 1958, and N. perelegans (Wright, 1927) is discussed. Additionally, the variability and
the value as diagnostic character of several morphological features, mainly, ornamentation of distal segment of
prosome, setation of antennules, basipodite and exopodite of right leg 3 of male, and shape of outer caudal seta are

analysed.

Introduction

The taxonomy of the South American diaptomids
is still incomplete, and many problems about the
validity of several species remain unsolved (Brehm,
1958; Brandorff, 1976; Dussart, 1985; Reid, 1985,
1987). Part of this situation arises because a significant
number of the available descriptions are fragmentary
and incomplete, and also because current knowledge
about the intra- and interpopulation variability of the
diagnostic characters is rather poor. In some cases,
variability has been overestimated, with different pop-
ulational variations being described as distinct species.
On the other hand, the variability of some features has
been underestimated, and some populations, which
could be correctly interpreted as different species,
have been assigned to a single species. In Notodiap-
tomus anisitsi Daday (19085), it is feasible that both
situations have occurred.

The intricate taxonomical history of this species
involves three nominal species (D. anisitsi Daday, D.
inflexus Brian, D. bidigitatus Brehm) and one form,
assigned to N. anisitsi but close to N. spinuliferus Dus-

sart, which is described here as a new species. The
present study is an attempt to clarify the taxonomic
status of V. anisitsi and the diagnostic value of some
morphological features, taking into account the intra-
and inter population variability.

In order to present the material in an intelligible
way, initially N. anisitsi and N. spinuliferus are re-
described and the new species is described, and finally,
the variability of the main diagnostic characters is dis-
cussed.

Taxonomy
Notodiaptomus anisitsi Daday (1905) (Figs 1-37 angl -
92}).

Diaptomus anisitsi Daday 1905, p. 149, pl. 9, Figs 16—
22; Wright 1927, p. 77, pl. 1, Figs 4-6; 1937, p. 76;
1933, p. 562; 1939, p. 647; Kiefer, 1928, p. 172, Figs
4-6.

Notodiaptomus anisitsi, Kiefer 1936, p. 197; Ringue-
let 1958, p. 45, 50; Brehm 1938, p. 575; Brehm, 1965,
p- 11; Brandorff, 1976, p. 625; Dussart & Defaye
1983; p. 135; Matsumura Tundisi, 1986, p, 551, Reid,
1991, p. 738.
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Figures 1-29. Notodigptomus unisitsi (Daday). 1: mature female, dorsal; 2-3: pedigers 4 and 3, dorsal; 4: distal pedigers and urosome, lateral;
5-11: right distal ungle of genital segment (drawn reversed): 12-13: distal left corner; 14: urosome; 15: genital operculum; 16-18: antennula:
19: segments 11-12; 20: leg 5; 21-24: tip of endopedite; 25: male, dorsal; 26: caudal ramus; 27: right antennula, segments 8—12: 28: segments
23-25; 29; segment 23 with “spur’. Scate bars: 0.2 mm (Figs 1 and 15), 0.1.mm (Figs 2-4, 14 and 16-18), 0.05 mm (Figs 5-13. 19, 20, 26-29),

0.04 (Fig. 15), 0.025 (Figs 21-24),
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Figures 30-53. Notodiaptomus anisitsi (Daday) male. 30: legs 5, caudal; 31: lateral; 32: exapodites 1 and 2, lateral: 33; caudal; 34: endopodite
of right leg; 35: left leg, luteral; 36: caudal; 37: left endopodite; Figures 38—} Notodiaptomus dentatus sp. n, 38: femule, dorsal: 39-40:
pedigers 4 and 5, dorsal; 41: lateral; 42: urosome; 43-45: antcnnula; 46: segments | 1-12; 47: leg 5; 48-4%: tip of endopodite; 50: male, dorsal;
51: pedigers 4 and 5, dorsal; 52-53: detail of outer caudal seta, Scale bars:.0.17 mm {Figs 38 and 509, 0.09 mm (Figs 39—45 and 51}, 0.05 mm

(Figs 30-33), 0,04 mm (Figs 46, 47 and 52), 0.025 mm (Figs 34-37), 0.02 mm (Figs 48, 49 and 53).
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Diaptomus inflexus Brian 1925, p. 180, Figs 4-6;
Brehm, 1965, p. 3, 7.

Notodiaptomus inflexus; Brehm, 1938, p. 29,
Notodiaptomus bidigitatus; Brehm, 1958; Dussart &
Defaye, 1983, p. 135.

Diaptomus bidigitatus Brehm, 1965, p. 3; BrandorfT,
1976, p. 625; José de Paggi, 1978, p. 150-151; 1984,
p. 141; 1985, p. 17; Dussart, 1985, p. 214,

Material examined

Argentina:

1 — Roadside pond near Resistencia, Chaco Province,
Sept. 1968. 2 — Shallow lake No 3, on island near
Formosa, floodplain of Paraguay River, Formosa
Province, Sept. 197t 3 - Shallow lake No 17, on
island near Formosa, floodplain of Paraguay River,
Formosa Province, June 1972. 4 — Laguna Yema, For-
mosa Province, Nov. 1974. 5 — Los Matadores Lake,
Los Mellados Island, Parand River, near Santa Fe,
Prov. Santa Fe, Nov. 1975. 6 — Ponds connected to
Ayuf Grande Creek, Concordia, Entre Rios Province,
Sept. 1968; Dec. 1971, 7 — Temporary roadside pond
near San José de Feliciano, Entre Rios, Sept. 1969,
8 — Roadside pond between San José de Feliciano
and Sauce, Entre Rios Province, Sept. 1969. 9 —
Uruguay River, at Federacién, Entre Rios Province,
Sept. 1968. 10 — Uruguay River at Colén, Entre Rios
Province, Aug. 1971. 11 — Pool near Margarita, Santa
Fe Province, Nov. 1984, 12 — Roadside pond near San
Justo, Santa Fe Province, Sept. 1996, 13 — LagunaLa
Cuarentena, Carabajal Island (shallow lake on Parand
River floodplain), Santa Fe Province, March 1981,
May 1981; Dec. 1982. 14 — Main channel of Parand
River, at Parand, March 1981; Oct. 1981. 15 — Laguna
Los Espejos, Sirgadero Island (shallow lake on Parand
River floodplain), Santa Fe Province, Dec. 1969, 16
— Pool on Sirgadero Island, (shallow lake of Parand
River floodplain), Santa Fe Province, Nov. 1971, 17
— Madrején Don Felipe, ox-bow lake near Santa Fe,
Santa Fe Province, May 1986; Feb. 1969; Apr. 1969;
Aung. 1969. 18 - Laguna Los Mataderes, Los Mellados
Island (shallow lake of Parand River floodplain), Santa
Fe Province, Jan. 1975; Nov. 1975, 19 — Lower Paran4
River, Isla Las Palmas, Buenos Aires Province, Sept.
1995. 20 — Middle Parand River, Diamante, Entre Rios
Province, Sept. 1995. 21 - Main channel of Parand
River, Paso Muelles, Santa Fe Province, Sept. 1995.
22— Main channe) of Parand River, Paso Alvear, Santa
Fe Province, Sept. 1995. 23 — Lower Parana River,
Florida, Santa Fe Province, Sept. 1990. 24 — Parand
Las Palmas River, Nacurutd, Buenos Aires Province, |

Sept. 1990.

Paraguay:
25 — Ipacarai Lake, La Capital District, Feb. 1981.

Uruguay:
26 — Small pool connected to Viboras Stream near
Carmelo, Colonia Department, Dec. 1982,

Description

Female: Body widest at junction of pedigers 1 and
2, dorsal view (Fig. 1). Suture between pedigers 4
and 5 indistinct dorsally, sometimes with 1-3 rows
of spinules of variable extension near posterior part
of pediger 4 (Figs 2 and 3) and with 1 row of tiny
spinules at distal border of pedigers 2 and 3 (speci-
mens from localities 6 and 10). Convexity of pediger
4, in lateral view, more pronounced in some specimens
because of presence of short dorsal hump, sometimes
with group of tiny spinules. Pediger 5 expanded pos-
terolaterally into moderately developed asymmetrical
wings; left wing oblong, somewhat inflated, directed
laterc-obliquely, larger than right wing, ending in stout
sensillum; right wing smaller, produced into narrow
and irregular lobe directed laterally, ending in stout
sensillum (Figs 2 and 3). Distal part of pediger 5,
between wings, with 1 row of stiff hair-like setulae,
perpendicular to body axis (Figs 2—4).

Urosome with 3 segments, about 1/4 of body
length. Genital segment slightly longer than broad,
well expanded anterolaterally and slightly asymmet-
rical, right expansion larger than left; each expansion
with 1 stout sensillum, sensillum on right side lateral
at tip of expansion and anteriorly curved, sensillum
on left side straight, dorsal and posterior to the tip
of expansion (Fig. 14). Right postero-dorsal comer
of genital segment with 2 finger-like protuberances,
rarely one of them very reduced or absent (Figs 4—
11). Left comer with 1 small protuberance, normally
smaller than and not so conspicuous as protuberances
of right side; sometimes with no protuberances (Figs
12 and 13). Genital operculum (terminology after Cic-
chino, 1994) with proximal plate sub-trapezoidal, little
broader than distal plate. Junction between distal and
proximal plate gently curved. Distal plate narrow and
gently curved, with lateral arms somewhat convergent
and as long as transverse bar. Inner side of lateral arms
and distal border of transverse bar concave (Fig. 15).

"Urosomite 2 without notable structure. Inner margins

of candal rami haired, outer margins smooth. Caudal



setae with normal armature. Rostral points acute and
well developed, with no process at base.

Antennula reaching end or beyond of caudal rami
(% of body length: mean=113, range=100-124), set-
ation (s=setae, cs=conical setae, ae=aesthetascs; ter-
minology after Santos Silva ¢t al.,, 1999) of each
segment as follows: 1(1s, lae), 2(3s, lae)., 3(ls,
lae), 41s), 5(1s, lac), 6(1s), 7(1s, lae), 8(Is, Ics).
9(2s, 1 ae), 10(1s), 11(2s), 12{1s. lae, tcs), 13(1s),
14(1s, lag}, [5(1s), 16(1s, lae), 1 7(1s). 18(1s), 19(1s,
luc), 20(1s), 21(1s), 22(2s), 23(2s). 24(2s), 25(ds.
lae) (Figs 16-19). Length of seta of segment 7 and
longest scta of segment 9, 7.5-8.5% length of anten-
nula. Of the terminal setae. 3 are several times longer
than segment 25, 1 slightly longer than segment, and
remaining setae shorter than segment.

Remaining cephalic appendages and swimming
legs with normal setation. Swimming legs with seg-
mentation and armature normal for the genus. Scg-
ment | of exopododite of leg | with | spine at outer
distal corner. Endopodite segment 2 ol leg 2 with
Schmeil's organ.

Leg 5 (Fig. 20) coxopodite with prominent pos-
teroventally directed process tipped with stout, blunt
spine. Basipodite with inner proximal angle smooth,
and long lateral seta reaching end of cxopodite seg-
ment 1. Exopodite segment | about twice as long as
broad, lateral margin slightly convex, medial margin
even, exopodite segment 2 2.5 times longer than broud
and shorter than segment |, with shorter spine as long
as segment 3, claw coarsely serrated along middle half
of both margins. Exopodite segment 3 not clearly dis-
tinct from scgment 2, with 2 spines, shortest spine as
long as segment and longest spine 4-6 times longer
than it. Endopodite slender, as long as 3/5 of exo-
podite segment 1, bearing al Gp a row of hair-like
setulae. 2 setae, and 1—4 short denticles (Figs 21—
24), Endopodite unsegmented, but in some specimens
there is a constriction near proximal third, suggesting
incomplete segmentation,

Length (caudal setae excluded): mean=1.48 mm,
range=1.31-1.64 mm, n=79.

Male: Body widest at junction of pedigers | and 2 in
dorsal view. Suture between pedigers 4 and 5 com-
plete dorsally, usually without spinules or convexity
on pediger 4. Distal border of pedigers 2-4, sometimes
with | row of tiny spinules (specimens from localities
6 and 10). Pediger 5 expanded posterolaterally into 2
small. nearly symmetrical wings, each with minute
hair and short spine at up. There is no other orna-
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mentation on this pediger except for few pores (Fig.
25).

Urosome about 173 ol body length, of 5 segments.
first segment slightly asymmetrical, with short spine
at left distolateral corner. Inner margins ol candal rami
haired, outer margins smooth. Caudal setae with nor-
mal armature (Fig. 26). Rostral points acute and well
developed, with 1 rounded process on right side of
base.

Rightantennula with small conical seta on segment
12 and well developed modilicd setae on segments 8,
10 and 11, and spine-like process on segments 13,
15 and 16; modified seta of segment 11 longer than
modified scta of segment 10 and shorter than that of
scgment 8; process on scgment |3 bifid at tip, large.
extending o midlength of segment 14, 2.5-4 times
longer than process on segments 15 and 16; process of
segment |5 longer than that of segment 16 (Fig. 27),
Antepenultimate segment with longitudinal, narrow
lamella (Fig. 28) and, sometimes, with stout curved
process longer than diameter of segment (Fig. 29).
Left antennula with armature identical to that of fe-
males cxcept for setae of scgments 7 and 9. which are
two times longer than corresponding setae of females,
about 17% length ol untenna.

Mouthpurts and swimming legs identical to those
of female. Right leg 5, coxopadite disiocaudally ex-
panded into well-developed mammiform process with
1 short spine at Gp (Figs 30 and 31). Busipedite longer
than broad, with surface smooth or with a short ridge
on caudal surface. Lateral seta short, extending only
slightly past distal end of segment (Fig. 30). Exopod-
itle segment | Jonger than broad (Figs 30, 33 und 91).
distal width larger than proximal width, with small
blunt process at distal inner corner and larger and more
pointed process at distal outer corner. Exopodite seg-
ment 2 oblong, with outer margin more convex than
inner margin. Caudal surface with a row, parallel to
inner margin, of 1-3 chitinous knobs (Figs 30 and
33). sometimes barely visible. Lateral spinc as long as
width of segment (Figs 30 and 33). sharply bent down-
ward and slightly recurved at tip, with a row of minute
hairs on distal half of posterior side, inserted at widest
part of scgment near middle of outer margin (Fig. 90).
Terminal claw nearly twice longer than segment. Right
endopaodite unsegmented, moderately developed with
oblong ring of hairs, which are stronger on one side of
ring (Fig. 34).

Left leg 5, coxopodite longer than wide, expan-
ded into short rounded protuberance near distal outer
angle. with one short spine. Basipodite longer than



Figures 54-05. Notodiapromus dentetus sp. n.. male. 54: right antennula, segments 8-16; 55: segments 23-25; 56: segment 23 with “spur”; 57:

Yy

legs 5: 58: right leg. lateral: 5% caudal: () lateral; 61: oblique; 62-63: basipodite, lateral; 64: left leg, exopadite and endopodite; 63 terale,

apereulum. Seale hars: .04 mm (Figs 54-61), 0.02 mm (Figs 62-65).

wide, without noticeable structure, and lateral seta in-
serted at distal third. Exopodite segment | with prox-
imal haired pad well developed. Exopodite segment 2
with proximal haired pad and lat middle pad covered
with tiny spinules. Distal and proximal processes ap-
proximately equal in length and lined bilaterally with
fine denticles (Figs 35 and 36). Endopodite similar to
that of right leg (Fig. 37).

Length {caudal setae excluded): mean=1.29 mm,
range=1,13-1.48 mm, n=83.

Notodiaptomus dentatus n. sp. (Figs 38-64)
Notodiaptomus arisitsi; Ringuelet & Martinez de Fer-
rato 1967, p.417. Figs 7-10, Jos¢ de Paggi 1978, p.
150-151: 1980, p. 72; 1981, p. 199; 1983, p. 168;
1984, p. 141.

Material examined
Argentina:
| — Madrejon Don Felipe, ox-bow lake near Santa Fe,
Santa Fe Province, April 1969, May 1969; Aug. 1969:
Oct. 1969; Dec. 1969 (type locality). 2 — Santa Fe
River (secondary channel of Parani River), Santa Fe
Province, March 1975. 3 — Laguna La Cuarentena,
Carabajal Island (shallow lake on Parand River flood-
plain), Santa Fe Province, June 1980; Dec. 1980, 4
— Laguna No. 12, Sirgadero Island (shallow lake on
Parand River floodplain), Santa Fe Province, March
1972. 5 — Laguna Los Matadores, Los Mcllados Ls-
land {shallow Take on Parana River floodplain), Santa
Fe Province, Jan. 1975; March 1975; Nov. 1975. 6 —
Lower Parand River, Florida, Santa Fe Pravince, Sept.
1990. 7 — Parana Las Palmas River, Nacuruwd, Buenos
Aires Province, Sept. 1990.

Holotype: Male preserved in a mixture of form-
aldehyde and glyceral (1/10), deposited in Museo Ar-



gentino de Ciencias Naturales ‘Bernardino Rivadavia’,
Buenos Adres (No. 34203).

Allotype: Pemale preserved in a mixture of form-
aldehyde and glycerol (1/1(1), deposited in Museo Ar-
gentino de Ciencias Naturales ‘Bernardino Rivadavia’,
Buenos Aires (No. 34204).

Paratypes: One female and one male, preserved
in a mixture of formaldehyde and glycerol (1/10), de-
posited in Museo Provincial de Ciencias Naturales ‘Dr
Florentino Ameghino’.

Description

Female: Body widest at junction of pedigers 1 and
2, dorsal view (Fig. 38). Suture between pedigers 4
and 5 distinct at middle and lateral part, with single
row of irregularly spaced spinules near distal part of
pediger 4 (Figs 39—-41). Distal border of pedigers 1-3,
sometimes with | short row of tiny spinules (Fig, 40).
Convexity of pedigers 4 and 53, in lateral view, even,
without dorsal hump (Fig. 41). Pediger 3 expanded
posterolaterally into moderately developed symmet-
rical wings; ending in stout sensillum, with 1 short hair
on dorsal surface. Distal part of pediger 5, between
wings, smooth.

Urosome (Fig. 42) with 3 segments. about 1/4
of body length. Genital scgment slightly longer than
broad, well expanded anterolaterally and slightly
asymimetrical, right expansion tapered and larger than
left; cach expansion with 1 stout sensillum, sensil-
lum on right side lateral to the tip of expansion, and
sensillum on left side dorsal and poslerior to Gp of
cxpansion. Right side with rounded protuberance near
proximal expansion. Postero-dorsal corners of genital
segment smooth.

Genital operculum with proximal plate sub-
trapezoidal, somewhat longer than transverse bar of
distal plate. Junction between distal and proximal
plates concave at middle and shghtly convex on sides.
Distal plate narrow, with distal border slighly curved
or irregularly straight. Lateral arms clearly conver-
gent, little more than twice longer than transverse bar,
with a rounded protuberance oo inner side {(Fig. 63).
Urosomite 2 without noticeable structure.

Inner margins of caudal rami sctose, outer margins
smooth. Caudal setae with normal armature. Rostral
points acute and well developed, with no process at
base.

First antenna reaching end of caudal rami (%
of body length: mean=105, range=95-113), setation
{s=setae. cs=conical setae, ae=aesthetascs) of each
segment as follows: 1(1s, lace), 2(3s, lae), 3(1s, lae),

i
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4(1s), 5(ls, lae), 6(1s), 7(1s, tae), 8(1s, lcs), 9(2s,
1 ae), 10(1s), 11(1s), 12(1s, lae, les), 13(1s), 14(1s,
lag), 15(1s), 16(1s, lac), 17(1s), 18(1s), 19(1s, lue),
20¢1s), 21(1s), 22(2s). 23(25), 24(2s), 25(4s, lae).
(Figs 43—46). Length of seta of segment 7 and longest
seta of segment 9, 10-15% length of antennula. Of
terminal setae, 3 selae several times longer than seg-
ment 25, | seta slightly longer than segment 25, and
remaining sctae shorter than segment 25.

Remaining cephalic appendages and swimming
legs with normal setation. Swimming legs with seg-
mentation and armature normal for genus. Scgment |
of cxopododite of leg 1 with one spine at outer distal
corner. Endopadite segment 2 of leg 2 with Schmeil's
organ,

Leg 5 (Fig. 47) coxopodite with prominent pos-
teroventally directed process tipped with stout blunt
spinc. Basipodite with inner proximal angle smooth,
lateral seta as long as width of segment. Exopodite |
about 1.5 times longer than broad, outer and inner mar-
gins convex. Segment 2 of exopodite more than twice
longer than broad and nearly as long as segment 1,
with lateral spine as long as segment 3: claw coarsely
serrated along middle 3/5 of both margins. Exopodite
segment 3 not clearly distinet from segment 2, with 2
spines, shorler spine as long as segment, and longest
spine about 3 times longer than segment. Endopodite
unsegmented, slender, as leng as 2/3 length of exopod-
ite segment 1, bearing at ip a row of hair-like setulae
and 1 apical seta (Figs 48 and 49),

Length (caudal setae excluded); mean=1.28 mm.
range=1.15-1.40 mm, n=53.

Male: Body widest at junction of pedigers 1 and 2
in dorsal view (Fig. 50). Suture between pedigers 4
and 5 complete, with single row of irregularly spaced
spinules, like female, along distal border of pediger
4. Pediger 5 expanded posterolaterally into 2 small,
nearly symmetrical wings, each with 1 minute hair and
1 short spine at tip (Fig. 51).

Urosome length shorter than 173 of body length,
of 5 segments, segment 1 slightly asymmetrical with
short spine at left distolateral comer. Inner margins
of caudal rami haired, outer margins smooth. Outer
caudal seta frequently with a lateral spiniform process
of variable develepment, at proximal end of normal
row of setulae (Figs 52 and 53). Rostral points scute
and well developed, with 1 rounded process on right
side of base.

Right antennula with small conical seta on segment
12 and well-developed modified setac on segiments 8,
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10 and 11, and spine-like process on segments 13,
15 and 16; modified seta of segment 11 longer than
maodified seta of segment 10 and shorter than that of
scgment 8 (Fig. 89): process on segment 13 bifid at
tip, large, extending to midlength of segment 14, 2.5~
4 times longer than process on scgments 15 and 16;
process of segment 15 longer than that of segment
16 (Fig. 54). Anepenulimate segment with narrow
longitudinal lamella (Fig. 55) and, sometimes, with
stout curved process longer than diameter of segment
(Fig. 56). Left antennulu: armature identical to that of
females except for setae of segments 7 and 9, which
are t6-17% length of antenna, longer than thase of
females.

Mouthparts and swimming legs identical to those
of femalce.

Right fifth leg coxopodite distocaudally cxpan-
ded into conspicuous mammiform process with one
short spine at tip (Figs 62 and 63). Basipodite longer
than broad, caudal surface expanded into longitudinal,
somewhut oblique ridge with 1 blunt thickening at
tip of elevation and 1 field of fine granulation slong
distal part of ridge, Near blunt thickening is | rounded
chitinous knob (Figs 62 and 63). Lateral seta shott,
extending only slightly past distal end of segment. Ex-
opodite scgment b elongate, about twice tonger than
broad (Figs 57-61 and 91}, distal width equal to prox-
imal width, distal inner corner with | blunt process,
outer corner with 1 larger pointed process, this process
oblique or almost perpendicular to axis of segment.

Exopodite segment 2 broad and pear-shaped,
widest part at distal 1/4, with 2 proximal thickenings
ceincident with distal protuberances of first exopod-
ite. Distal half of caudal surface with 3—6 chitinous
knobs located at vertices of imaginary triangle, rhom-
bus, or pentagon (Figs 57, 59 and 61). Proximalmost
knob often longitudinally divided (Fig. 39). Latweral
spine stout, shorter than width of segment, smooth,
gently curved and inserted at widest part of segment
(Fig. 90). Diameter of distal half of spine sharply and
asymmetncally reduced. Terminal claw gently curved.
nearly twice longer than segment, with single row of
fine spinules along inner margin. Right endopodite un-
segmented, moderately developed, with curved row of
hair-like setulae at tip.

Left fifth leg coxopodite longer than wide, expan-
ded into a short rounded protuberance near distal outer
angle. with one short spine. Basipodite as long as
wide, proximal width larger than distal width, lateral
seta similar to that of right leg, located at distal third.
Exopodite segment 1 with prominent, well-developed

haired pad. Exopodite scgment 2 with proximal haired
pad and 1 small pad covered with harely visible
tiny spinules. Distal process longer than proximal
one, both processes smooth. Endopodite unsegmen-
ted, similar to but longer than endopodite of right leg
(Fig. 64).

Length (caudal setae excluded): mean=1.14 mm,
range=1.09-1.24 mm, n=50,

Differential diagnosis

This species is easily distinguished from the other spe-
cies of Notodiaptomus by at least two typical features
of males: the arrangement of the chitinous outgrowths
on the cxopodite segment 2 of right leg 3, and the
presence of ane conspicuous spine on the outer caudal
seta. Notadiaptomus dentatus n. sp. is quite similar to
N spinuliferus Dussart 1985 in several aspects. Both
males and females, in fact, have a row of spines alang
the distal border of pediger 5, and they share the gen-
eral aspect of the leg 5 of male, particalarly the shape
of the right exopodite segment 2. On the other hand,
they can be distinguished by a number of featurcs,
apart from those previously mentioned which are ex-
clusive 10 N. denfarus. In both females and males of
N. dentatus, there is a continuous row of spinules on
the fourth prosomal somitc. This spinule row is dis-
continuous in N. spimuliferus, somelimes with a gap in
the middle part. The maie of N, dentutus has a ridge
and a patch of fine granules on the basipodite of right
leg 5. that is absent in N. spinuliferus. Females differ
in a number of aspects of the (ifth legs, segmentution
of the endopodile and relative length of the endopodite
und the exopoedite segments.

A detailed comparison with the most closely re-
lated species is given in Table 1. The presence of fine
granules on the basipodite of the right leg 5 in males
is an uncammon feature in Notodiaptomus Kiefer, but
it is shared with Argvrodioptomus Brehm and Aws-
irinodiapromus Reid. Howcever, N, denfaius differs
from the species of these genera in a number of fea-
tures, mainly the shape of pediger 5 of the female
and several details of the leg 5 of the male. Also,
N. dentatus differs from Austrinodiaptons because it
has onc instead of two setac on segment 11 of unten-
nula,

Notodiaptomus spinuliferus Dussart, 1985,

Notodiaptomus spinuliferus Dussart, 1985, p. 208
210, Fig. 6; Dussart & Frutos, 1985, p. 307, 308;
Dussart & Matsumura-Tundisi, 19%6; Matsumura-
Tundisi, 1986, p. 537, Figs 34-37: Reid, 1987, p. 377.



Figures 66=87. Notodiuptomuy spinadiferus Dussart. 66: female. dorsal; 67-68: pedigers 4-5, dorsal; 69: Tateral; 70: urosome; 71: operculum;
72-74: antennuka; 75: segments 11-12; 76: leg 3: 77: exopodite, segmenis 2-3: 78-79: tip of endopodite; 80: male, dorsul: 81: pedigers 4-5,
dorsal; 82: taleral; 83: right antennula, segments 8-12; 84: segments 23-25: 83: lifth legs: &6: right leg, lateral; 87: lefl leg, endopodite and

cxopodite. Scale bars: 0.15 mm (Figs 66 and 80). 0.08 mm (Figs 67-70, 72-74. 81 and 82), (.04 mm (Figs 75-76. 83-86). 0.03 mm (Fig. 71},
0.02 mm (Figs 77-79 and §7).
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Tuble 1. Morphological ditferences among Nomdieptomus anisitsi {Daday), N, dentames 0. sp. and N, spinudiferus Dussart.
Symbols: *=no constant prescnce: M=with a simple row according ta Dussart (1983); (D =alse valid for males

Character anisitsi deniaitus spinuliferus
Females
(1) Darsal suture between pedigers 4 and 5 indistinet distinel distinet
(2) Distal border ol pediger 5 with hairy ves no no
(37 Distal border of pediger 4 with spinules yes* yes yes
(4 Distal border of pediger 4, row of spinules:
multiple=M. simplc=5 M ) Mgt
(3) Patch of spinules on middte of pediger 5 yes o o
(6) Wings of pediger 5 asymmelrical yes no ne
(7) Genital segmem with finger-like prowberances yes no ne
(8) Genital scgment; W=width, 1.=length W=L WL Wl
{9) Antennula. number of setae on segment 1147 2 | 2
(10) Basipodite 2 of leg 531 W=width of segment.
L=length of lateral setn WL Wl WL

(11) Leg 5. ratio: length of exopodite 2/length of

longest seta of exopodite 3 (approximate)

Males
{13 Distal border of pediger 4 with spinnles
{2} Guter caudal seta with lateral spine
{3) Right antennula. relative size of modified
selag of segments & and 10
(4) Antepenultimate scgment of right antennula;
width of segment (W), length of *spur™ {8)
(5 Basipodile 2 of right leg § with a patch
af fine granules
(6) Exopodite 2, length;width ratio
(7) Exopodite 2 with maximum width at:
(%) Number of chilinous knobs on caudal surfuce
(8) Arrangement of chitinous knobs:
S=straight row, TR=triangular or rhomboidal
(10) Locarion of lateral spine on exopoedite 2
(4 Shape of laleral spine: S=sigmoid;
C=straight or gently curved
{10) Lateral spine, L=length, W=maximum
width of scgmenr,

]
(oY)
ad

1o yes yes

no yesx no

8=10 810 8«10
WS WS W8

no yes no

1-1.2 1.7 P3

middle distal third distal third
2.3 14 |

S TR -

middle distal third distal third
S C C

L=W La&w LW

Material examined

Argentina:

1-Pool near Formosa, Formosa Province, Sept. 1971,
2-Madrejon Don Felipe, oxbow lake near Santa Fe,
Santa Fe Province, Apr. 1969, 3-Middle Parand River,
Diamante, Entre Rios Province, Sepl. 1995, 4-Lower
Parand River, Paso Borghi, Sept. 1995. 5-Lower
Parand River, Km 412, Sept. 1995. 6-L.ower Parana
River, Km 4035, Sept. 1995, 7-Middle Parand River,

Parand, Entre Rios Province, Nov. 1990. 8-l.ower
Parand River, San Nicolas, Buenos Aires Province,
Nov. 1990, 9—Lower Parand River, Florida, Santa Fe
Province, Nov. 1990. 10-Tower Parand River, Islu
Las Palmas, Buenos Aires Province, Nov. 1990, 11—
Parand, Las Palmas River, Nacuruti, Bucnos Aires
Province, Nov. 1990. 12-Parand, Las Palmas River,
Canul 6, Buenos Aires Province, Nov. 1990. 13-
Confluence of Uruguay River and La Plata River,
Entre Rios Province, Nov. 1990.
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Fignres 66 87, Notodiaptonis spinuliferis Dussart, 66: female. dorsal; 67 68: pedigers 4-3, dorsal; 69; Laterul: 70: urosome: 71 operculum;
72-74: antennula; 75: segments |1-12: 76: leg 5. 77: exopedite. segments 2-3; 78-79: tip of endapedile; 80: male, darsal; 81: pedigers 4-5,
dorsal; 82: lateral: 83: right antennula, segments 8-12; 84: segments 23 25: §5: (ifth legs; %6: right lep. laleral; §7: left leg, endopadite and
exopodite. Scaie bars: 0L15 mm (Figs 86 und 80), 0.08 mm (Figs 67 70. 72-74. 81 and $2), 0.04 mm (Figs 75-76. 83- 86), .03 mm (Fig. 713,

.02 mm (Figs 77-79 and 873,



Description

Female: Body widest at junction of pedigers | and
2, dorsal view (Fig. 66). Suture between pedigers 4
and 5 distinct at middle and laterat parl, with a row
of spinules parallel to this junction. This row multipfe
on dorsal part and single on both sides, und sometimes
with one short row of spinules on lateral part of pedi-
ger 4 (Figs 67-69Y). Pedigers 4 and 5 evenly curved, in
lateral view, without dorsal hump (Fig. 69). Padiger 5
expanded posterolaterally into moderately developed
symmetrical wings: ending in stout sensilla, with one
group of fine spines on inner proximal surface of each
wing. Distal part of pediger 5, between wings, smooth.

Urosome with three segments, about 1/4 of body
length. Genital segment 1.5 times longer than broad,
well expanded anterolaterally and slightly asymmet-
rical, right expansion larger than left; each cxpansion
with 1 stout sensillum, sensillum on right side lateral
to tip of expansion and that on lefi side dorsal and
posterior to top of expansion. Postero-darsal corners
of genital segment smooth (Fig. 70).

Genital operculum (Fig. 71) with proximal plate,
slightly longer thun transverse bar of distal platc,
with proximal border irregularly undulate. Junction
between distal and proximal plate evenly curved.
Distal plate narrow, with distal horder somewhat
curved or irregularly straight. Lateral arms clearly
convergent, about three umes longer than transverse
bar, with evenly curved inner side. Urosomite 2
without noticeable structure. Tnner margin of caudal
rami haired. outer margin smooth. Caudal setae with
normal armature. Rostral points acute and well de-
veloped, with no process ut base.

Antennula reaching end of caudal rami {% of body
length: mean=112, range=101-121), setation (s=setae,
cs=conical setae. ae=aesthclascs) of each segment as
follows: 1(1s, lae). 2{3s, lae), 3(1s, lac), 4(ls),
5(1s, lacy, 6(1s), 7(1s, lue), B(1s, les), H2s, 1 ae),
1018y, 1101s), 12(1s, lae, les)y, 13(1s), 14(1s, lae),
15(1s), L6C1s, lae), 17(1s), 1B(1s), 19(1s, lac), 20(1s).
21(1s), 22(25), 23(2s). 24(2s), 25(4s, lae) (Figs 72—
75). Length of seta of segiment 7 and longest seta
of segment 9, 8.5-9.53% length of antennula. Of ter-
minal setae, 3 setae several times longer than segment
25, one seta slightly longer than segment 25, and
remaining scta shorter than segment 25.

Remaining cephalic appendages und swimming
legs with normal setation. Swimming legs with seg-
mentation and armature normal for genus. Segment |
of exopodite of leg | with one spine at outer distal
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outer cormer. Endopodite segment 2 of leg 2 with
Schmeil’s organ.

Leg 5 (Fig. 76) coxopodite with prominent. pos-
teroventrally directed process tlipped with short, blunt
spine. Basipadite with inner proximal angle smooth,
lateral scta longer than width of segment. Exopodite
segment 1 slightly less than twice as long as broad.
Quler mUrgin convex, inner margin straight or some-
what convex. Segment 2 of cxopodite about twice
longer than broad and shorter than segment 1, with
lateral spine as long as scgment 3; claw with one
proximal row of long spines on cach side. Exopodite
segment 3 not clearly distinct from segment 2, with
two spines, shortest spine as long as segment, and
longest spine about two times longer than it (Fig. 77).
Endopodite partially segmented, half {ength of exo-
podite segment 1 bearing at tip one curved row of
hair-like setulae and one apical seta (Fig. 79).

Length (caudal setae excluded): mean=1.13 mm,
range=1.05-1.23 mm, n=25.

Male: Body widest at junction of pedigers | and 2 in
dorsal view (Fig. 8). Suture between pedigers 4 and
5 complete, with one row ol spinules parallel to this
Junction, this row multiple on dorsal part and single
on both sides, as in female (Figs 81 and 823, Pedi-
ger 5 expanded posterolaterally into two small, nearly
symmetrical wings, each with one short spine at tip.

Urosome little shorter than one third of body
length, of 5 segments, segment | slightly asymmet-
rical, with short spine at lefl distolateral corner. Inner
margins of caudal rami haired, outer margins smooth,
Caudal setae with normal armature. Rostral points
acute and well developed, with 1 rounded process on
right side of base.

Right antennula with small conical seta on segment
12 and well developed modified sctae on segments 8,
10 and 11, and spine-like process on segments 13,
I5 and 16; modified seta of segment 11 longer than
modified seta of segments 10 and 8 (Fig. 89): process
on segment 13 bifid at tip, extending to distal 2/3 of
segment t4, 3.5-4 times longer than process on seg-
ments 15 and 16 process of segment 15 longer than
that of segment 16 (Fig. 83). Antepenultimate segment
sometimes with stout process shorter than diameter of
segment, similar to that of N. deniarus.

Left antennula armature identical to that of females
except for setae of scgments 7 and 9, which are about
twice longer than those ol lemales, aboul 16-17%
length of antenna.
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Mouthparts and swimming legs identical to fe-
male.

Right leg 5 (Figs 85 and 86) coxopudite distocaud-
ally expanded into moderately developed mammiform
process with one short spine at tip. Basipodite fonger
than broad, with caudal surface smooth, Lateral seta
short, extending only slightly past distal end of seg-
ment. Exopodite segment 1 somewhat longer than
broad (Fig. 91), distal width equal to proximal width,
distal inner corners with blunt process, outer process
larger than inner one. FExopodite segment 2 broad and
pear-shaped, widest part at distal quarter, with two
proximal thickenings coincident with distal protuber-
ances of first exopodite, and with one conspicuous
chitinous knob on caudal surface. Lateral spine large,
longer than width of segment, smooth, gently curved,
and inserted at widest part of the scgment (Fig, 90).
Terminal claw gently curved, nearly twice longer than
segment, with single row ol fine spinules along inner
margin. Right endopodite unsegmented, short, with
curved row of hair-like sctulae at tp.

Left leg 5 coxopodite longer than wide, expan-
ded into short rounded protuberance near distal outer
angle, with one small spinc. Basipodite as long as
wide, proximal width larger than distal width, lateral
sela similar to that of right leg, located at distal third.
Exopodite segment 1 with bilobed haired pad well
developed. Exopodite segment 2 with rounded, short
and haired proximal process. Distal process longer
than proximal one, both processes smooth. Endopod-
ite unsegmented, longer than that of right leg (Fig.
87

Length (caudal sctae excluded): mean=1.03 mm.
range=0.99-1.07 mm, n=18.

Remarks

There are three available descriptions of this species:
Dussart (1985}, Dussart & Matsumura-Tundisi (1986),
and Matsumura-Tundisi (1986). However, they are re-
latively brief and some details were not considered.
Therefore. for a close comparison with N, dentatus,
additional observations on Argentine material were
necessary and consequently new data were abtained.

One of the hitherto undescribed features is the
presence of a group of spines on each wing of the
pediger 5. This feature is shared, in the Neotropical re-
gion, with N. brandorffi Reid 1987, N. leoninicollinus
(Marsh) 1913, N. maracaibensis Kiefer 1954, and N.
gatunensis (Marsh) 1913,

Frequency (%)

Figure 88, Notodiapiomus anfsitsi (Baday). Frequency of the vari-
ations of the linger-like process al right distal angle of genital
scgment of (emale (a=ubsent, b=one small. c=one large, d=one
small+1 large. e=two large) in the following localities: {1} Laguna
Yema, (2) Margarita, (3) Concordia.
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Figure 89. Length of medilied setac on segments % and 11 of (he
right antennula of the male (caleulated as percentages of the sum of
the modified setae of the scgments 8. 10 and 113, Symbols 4 and
5 correspand w N, “hidigitaies” Brehm (1958) from Culchagui and
Laguna Yema. respectively.

This featurc wus not mentioned in the text or drawn
in the figures by Dussurt & Matsumura Tundisi (1986).
Although it could be considered a variable feature,
this spine group was present in all females from all
localities studied.

Discussion

Notodiaptomus anisitsi was originally described from
several localities in Paraguay (Daday, 1905). Some
years later, Brian (1923) described D. inflexus from
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Figure 9. Location of the lateral spine of right leg 5 of male
(calenlated as the percentage of the length of exopodite 2). Prox-
imal distance (proximal right angle of the segment lateral spine).
Distal distunce (luleral spine—buse of terminal claw), Measurements
from literature, uccording to symbaols: [=Dussart (1985), 2=Daday
(1905}, 3=Brian {1923), 4 and 5=Brchm (1958).
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Figure 91, Lengthowidth ratio ol exopodite 1 (calculated as per-
centage of the length of exopodite 2). Mcasurements from liter-
alure, according to the same symbols of Fig. 90, Other symbols:
Ms=specimens from Margarita, Y=specimens from Laguna Yems,

Argentina and Uruguay; which is undoubtedly related
to Daday’s species. The presence of a row of three
chitinous knobs on the second exopodite of the male
right leg 5 is the most conspicuous difference between
these species.

A few years later, Kiefer (1928) stated that D,
inflexus should be considered conspecific with D. ani-
sirsi, and he emphasised the poor diagnostic value
ol the supposed differences and the schematic nature
of Daday’s illustrations. The interpretation offered by
Kiefer (1928) was not accepted by Brehm (1938), who
believed that they are two different species. The sume
author (Brehm, 1939) described material from Ur
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Figure 92, Distribulion of Notodiaptomus anisitst (Daduy. 1903).
Squares=records from literature; vircles=original records.

uguay related to D. anisitsi, but he was not convinced
whether to assign them to the mentioned species or
to two different species, because of the presence of
two finger-like protuberances on the genital segment
of temales and one process on the antepenultimate
segment of the right antennula of some males. About
the presence of the chitinous knobs on the exopodite
of the male leg 5, 1 suppose that Brehm (1939) did
not observe them in his material, since they were not
mentioned in the deseription.

Brehm (1958). along with a comparison between
Notodiaptomus perelegans (Wright, 1927), and N
arnisitsi, dealt again with D. anisitsi-like populations
[rom northern Argentina in which females had two
finger-like protuberances on the distal right angle of
genital segment. Because of this feature and the shape
of the exepodite segment 1 of the male right leg 3, he
described the specimens from Calchaqui and Laguna
Yema as an intermediate form between N. anisitsi and
N. perelegans, under the name N. ‘bidigitatus ',

Brandortf (1976), Dussart & Defaye (1983) and
Dussart (1985) deult with N, bidigitatus as a species
different from N, anisitsi, though they did not agree
about the generic status and its validity as a new
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Figure 93, Distribution  of  Netodiaptosws  dentarus n sp.
Squares=records from literalure; circles=origingl records.

species. Brandorff (1976) considered that the loca-
tion of ‘bidigiterns ' as a member of Notodiaptomus is
not clear and should be revised, suggesting to assign
it provisionally to ‘Digpromus’. On the other hand,
Dussart & Defaye (1983). in agreement with Brehm
(1938), considered “hidigitarus' as a member of Note-
diaptomus. but pointed oul that it is a doubtful species,
close to M. perelegans and N, anisitsi.

Ringuclet & Martinez de Ferrato (1967) offered a
description of a diaptomid copepod (rom Santa Fe,
Argenting, and assigned it to D. anisitsi. The identi-
fication was based mainly on the presence of chitinous
knobs on the exopodite segment 2 of the right leg 5,
though the arrangement of these knobs was not the
same as that described by Brian (1925) and Kiefer
(1928). In their brief description, they did not mention
the ornamentation of the lemale genital segment.

Hence, at least three diagnostic features were in-
volved in the intricate history of this complex of
species: the chitinous knobs on the exopodite seg-
ment 2 of the right leg 5 of males; the finger-like
protuberances on the distal right ungle of genital seg-
ment; and presence or absence of one *spur’ on the
antepenultimate segment of the right antennula.
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Figure 94, Distribution of Netodiapromus spinufiferus Dussart,
1985, Squares=records [rom literature; circles=original records.

Although the number and shape ol the finger-like
process on the right angle of genital segment arc vari-
able (Figs 5-11), all or most of the females studied
had two processes (Fig. 88). The material studied was
obtained from type localities, or ncarby, of N, anisitsi
{Ipacaral Lake. Paraguay River), N. inflexus (Uruguay
River at Concordia and Colén) and N. bidigitatus
(Laguna Yema and Margarita).

The protuberance on the left angle, distinctly
drawn by Daday (1903) and not so clear in Brian's
(1925) figures, was a quite frequent feature in the
specimens studied, though the shape and sive were
variable, and somctimes the protuberance was barcly
visible.

In nenc of the populations studied did any female
have one process on the right distal angle of urosomite
2, like that present in N. perelegans (Wright, 1927),

Therefore, there are no valid arguments to sustain,
based on these characlers, the separation of N. anisitsi,
N inflexus und N, bidigitarus as three different species.
On the contrary, the location of thesc protuberances
was conslant, and no intermediate form between them
and N, perelegans was observed.



The chitinous knobs on the cauda] surface of exo-
podite 2 of the male right leg 5 were always present,
but they werc not always casily visihle in caudal view,
In general, these protuberances are observed beller
in lateral view. The specimens of N. ‘bidigitatus’
described by Brehm (1958) seemingly lacked these
protuberances. However, all the specimens that I stud-
ied from Laguna Yema (“type localily’) and Margarita
(near to Calchaqui, the other ‘type locality’) of N.
“bidigitatus’, had the chitinous knobs.

Though the size of these knobs seems to be some-
what exaggerated in Brian’s (1925) figures, I often
found specimens in which they were almaost as con-
spicuous. The relative location of these knobs was
always along an imaginary straight line paralle] to the
inner border of the segment.

Ringuelet & Martinez de Ferrato (1967), who
agreed with Kiefer's (1928) opinion about the syn-
onymy of N. anisitsi and N. inflexus on the basis of the
chitinous knobs, supposed that the specimens from the
Parand River studied by them should be assigned o V.
anisitsi, because of the presence of this feature alone.
However, not only the arrangement and the number of
these knobs are different, but there are a number of
other differences regarding N. anisitsi (see Table 1),

Brehm (1939), dealing with a N. anisitsi-like pop-
ulation from the La Plata River, suggested that it could
be composed of more than one species because of the
existence of two kinds of males, one of them with
a ‘spur’ on the antepenultimate segment of the right
antennula,

The presence of a curved distal process, or “spur’,
on some of the males in the populations studicd was a
constant feature, However, not all males exhibited this
feature; in general only a low percentage of the popu-
lation had the *spur’. The highest percentage (29%)
was observed in one population from the Paraguay
River, near Formosa. In all the populations studied,
this character was present in the larger specimens, but
not in all them.

1t is also possible to add another feature to the
discussion about the validity of N. “bidigitatus’ and
ity supposed intermediate location between N. anisitsi
and N. perelegans: the length/width relationship of the
exopodite 1 of the male’s fifth right leg. In N. anisitsi,
the exopodite | 15 longer than wide, in N. perefegans it
is wider than long, and in N. “bidigitatus ' this relation-
ship is intermediate, especially in the population from
Calchaqui (Brehm, 1958).

From the two populations of N. ‘Rbidigitarus’ de-
scribed by Brehm (1958), the specimen trom Laguna
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Yema (Fig. 91, 5; measurements taken from the ori-
ginal figures), falls within the limits of those studied
by me (Fig. 91, Y}, but that from Calchaqui (Fig. 91,
4) is far from this group. Although 1 was not able
to study specimens from Calchaqui, [ observed one
population from Margarita near that locality. The spe-
cimens from Margarita (Fig. 91, M) also fall among
the group corresponding to N. anisirsi. Moreover, the
remaining featurcs of the male specimen from Cal-
chaqui described by Brehm (1958) are consistent with
those of A. anisitsi, even the distinctive size relation-
ship of the modified setac of the right antennula (Fig.
89, 4}. Therefore, [ believe that Brehm's (1958) figures
of the exopodite | may have been based on un atypical
specimen or an artifact,

The patterns of geographical distribution of N. an-
isitvi, N. dentarus and N. spinuliferus, as far as we
know, are quile similar (Figs 92-94), and we often find
two of them co-existing in the same habital. These spe-
cics inhahit fentic and lotic environments of the Parani
River basin, and N. anisitsi has also been recorded in
the Uruguay River, and in Rio Grande do Sul, Brazil.

Conclusions

The validity of M. inflexies (Brian) and N, ‘bidigitatus’
Brehm as species different from N. anisitsi (Daday)
cannot be sustained. Analysis of the morphological
variabilily of the populations ol N. anisitsi demon-
strated that inclusion of N. perelegans within the range
ol variations of N. anisitsi cannot be sustained. Some
populations ol Netodiaptomus from Parand River as-
signed to N. anisitsi are representative of a new spe-
cies, N dentatus. 1t is apparent that N. spinudiferits
and N. dentatus are very much alike. which suggests
a close phylogenetic relationship. Although the pres-
ence or absence of one “spur’ on the male's right
antennula cannot be used to differentiate a species, the
shapc and relative size of this process can be used as
a diagnostic character to separate N. anisitsi from N,
spinuliferus and N. denrarus. Several of the diagnostic
characters analysed here were constant, but most of
them exhibited some variability and therclore can be
used only in populational anulysis.
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