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Trends in Cladocera and Copepoda taxonomy!
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ABSTRACT: During recent decades investigation on
the morphology and taxonomy of cladocerans (Ctenopo-
da and Anomopoda) and copepods (Calanoida and Cy-
clopoida) of continental waters has much intensified. This
is evident from the description of a large number of new
taxa, primarily at the species level, along with the publi-
cation of many summary monographs. The taxonomy of
Calanoida is comparatively more developed but needs
further elaboration. Progress in the taxonomy of Ctenop-
oda and Anomopoda mostly results from the revisions of
many “species” which have appeared to be actually spe-
cies-groups; this is also evident for Cyclopoida. For all
groups under consideration reevaluation of the species
which may have only slight morphological differences is
characteristic. The new taxonomic approaches are mostly
based on detailed morphological studies supplemented
by new genetic, cytogenetic, or ecological methods.

PE3IOME: B nocnennmne necsaTuiieTHs UCCIEN0Ba-
HUs 110 Mopdostorun u cuctemaruke kiagouep (Cteno-
poda m Anomopoda) u korrertoxt (Calanoida u Cyclopo-
ida) KOHTHHEHTATBHBIX BOJ 3HAYUTEIHHO HHTCHCH(H-
[UPOBAINCH, CY/Is [0 OMMCAHUIO OOJIBIIIOrO YKCIIa HO-
BBIX TAKCOHOB, ITPEKIE BCET'O BUIOBOTO YPOBHS, U ITy0-
JMKauy MHOTUX MoHOTpaduit. Cucremarnka Calanoida
OTHOCHTENBHO JIydllle pa3padoTaHa, HO TpeOyeT Ianb-
Helfmero coBepuieHcTBOBaHus. [Iporpecc B cucrema-
tuke Ctenopoda 1 Anomopoda B OCHOBHOM Oa3upyeTcst
Ha PEBU3UU MHOTHX “BHJIOB”, KOTOPBIE B IEHCTBUTENb-
HOCTH OKa3aJMCh IPYIMIaMH TAKOBBIX. JTO TaKKe Xa-
paktepao mus Cyclopoida. [Ims Bcex mcclemyembIx
TPYIII XapaKTepHa MepeolieHKa BUIOB, KOTOPBIC MOTYT
UMETh JIMIIb Majble Mopdosoruyeckue otianyus. Ho-
BBIC TIOXOJIbI B CHCTEMATHKE B OCHOBHOM 0a3HPYIOTCS
Ha JC€TAJIbHBIX MOp(I)OJ'IOFI/I‘-ICCKI/IX HUCCICA0BAaHUAX, 10~
TTOJTHEHHBIX HOBBIMH METOJaMH — TEHETHYECKUMH,
HUTOI€HECTUYCCKHUMU U SKOJIOTMYCCKHUMHU.

! This paper is dedicated to 110th anniversary of the first Russian
hydrobiological station "Lake Glubokoe" (Moscow Area".
Ora craThs nocssmaercs 110-i ronoBrHe nepBoit pycckoi
rugpobuonorunueckor cranuuu "Ozepo ['mybGoxkoe" (Moc-
KOBCKas 00JIacTh).

Introduction

Cladocera and Copepoda are some of the most
important invertebrates in continental waters. The latter
group is morphologically, taxonomically, and ecologi-
cally diverse [Fryer, 1998] but represents a monophyl-
etic assemblage at the subclass/class level. The status of
the ‘Cladocera’ is, however, controversial. Based on
traditional detailed morphological analysis ‘Cladocera’
is regarded as an artificial group representing four or-
ders of Branchiopoda (Ctenopoda, Anomopoda, Ony-
chopoda, and Haplopoda) or even incorporated in dif-
ferent subclasses of Crustacea [Starobogatov, 1986;
Fryer, 1987]. In contrast, modern cladistic analysis
[Martin, Cash-Clark, 1995; Olesen, 1998; Negrea ct al.,
1999] and genetic studies [e.g. Hebert, Taylor, 1997]
support monophyly of the group.

The representatives of cladocerans, Ctenopoda (47
spp.), Anomopoda (ca. 560 spp.), Onychopoda (34 spp.)
and Haplopoda (1 sp.), mostly or exclusively inhabit
continental waters [Korovchinsky, 1996 and unpubl.
data]. While ca. 95 % of cladocerans live in continental
waters, Copepoda are much more diverse in the seas and
oceans. Only three of their orders (suborders) (Calanoi-
da, Cyclopoida, and Harpacticoida) with free-living
representatives inhabit continental water bodies. Cal-
anoida and Cyclopoida number here about 1200 species
[Stepanova, Alexeev, 1995] which is approximately
10% of 11500 known Copepoda species [Humes, 1994].
In spite of their superiority in genera and species rich-
ness, the Calanoida and Cyclopoida of continental wa-
ters (mostly representatives of nine families and ca. 120
genera) are roughly comparable with cladocerans (11
families, 77 genera) with respect to habitat diversity.

All data available clearly demonstrate poor knowl-
edge of the taxonomy and biology of groups under
consideration [Humes, 1994; Korovchinsky, 1996]. On
the other hand, studies on the subject have recently
greatly intensified and developed qualitatively. This
feature is directly connected with the possibility to
recognize good species determining the interspecific
separation. The latter may be different as it has been
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Table 1. The summary monographs on Cladocera and Copepoda of continental waters published during some re-

cent decades.

Tabanga 1. Monorpagpun no Cladocera n Copepoda KOHTMHEHTAABHBIX BOA, ONYOAMKOBAHHDIE B IOCACAHME

ACCSITUACTUSL.
Years Cladocera Copepoda
1950s Johnson, 1952; Brooks, 1957, 1959 (3) Lindberg, 1957; Wilson, Yetman, 1959 (2)
Sramek-Husek et al., 1962; Herbst, 1962; Roen. |05 smith, 1960; Bayly, 1961, 1964; Damian-
1960s 1962; Olivier, 1962; Manuilova, 1964; Brooks, 1966; Georgesku, 1963, 1966: Dussart, 1967, 1969 (7)
Scourfield, Harding, 1966; Goulden, 1968 (8) 9 ’ ’ ’ ’ ’
1970s Smirnov, 1971, 1976, 1977; Flussner, 1972; Pennak, | Monchenko, 1974; Einsle, 1975; Kiefer, 1978; Pen-
1978; Chiang, Du, 1979 (6) nak, 1978; Mazepova, 1978; Shen, Tai, 1979 (6)
Negrea, 1983; Smirnov, Timms, 1983; ldris, 1983;\ )\ - 1982 1989; Dussart, Defaye, 1983, 1985:
1980s Margaritora, 1985; Mordukhai-Boltovskoi, Rivier, Stella, 1983; Petkovsky, 1983: Reid, 1985 (7)
1987; Michael, Sharma, 1988 (6) ' ' ’ ' '
Smirmov, 1992, 1996; Korovchinsky, 1992; Korov-|Bayly, 1991; Borutsky et al., 1991; Einsle, 1993;
1990s chinsky et al., 1995; Lieder, 1996; Alonso, 1996; | Reddy, 1994; Dussart, Defaye, 1995; Stepanova, Ale-
Rivier, 1998 (7) xeev, 1995; Karaytug, 1999; Rayner, 1999 (8)
General number 30 30

Remark: The above mentioned references on Cladocera may be also obtained in Korovchinsky, 1992, 1996, 1997 and those on Copepoda

in Dussart, Defaye, 1995 and in present paper.

suggested in cladocerans represented both by morpho-
logically rather peculiar taxa and sibling species [Ko-
rovchinsky, 1992]. Taxonomic investigation of Cla-
docera and Copepoda specialized long ago and has
developed more or less separately. Specialists on the
groups are mostly not aware of the results of neighbours,
neither are hydrobiologists who use taxonomic informa-
tion as a basis for their research. Integral knowledge
aboutthe taxonomic diversity of these crustaceans would
seem to be critical for both. The aim of this paper is to
compare and briefly summarize modern taxonomic stud-
ies on Cladocera and Copepoda (except Harpacticoida)
of continental waters to reveal trends in their develop-
ment, thus following discussion initiated by J. Reid
[1997/98]. The main information has been taken from
fundamental monographs and many current papers of
which only the most important are cited below.

The rate of species richness studies

According to Humes [1994] 4141 species of Copep-
oda (freshwater and marine) were described from 1964 to
1991 (27 years, ca. 153 species per year) which comprise
37% of their known number (there are no data on conti-
nental water’s representatives alone). About 180 cladoce-
ran species (30% of known species) were described
during the similar period of 30 years from 1964 to 1994.
These data show, taking into consideration the large
difference in general species richness of the groups and
number of specialists, similar intensified rates of studies
on these crustaceans during the few recent decades.

Summary publications

Until the mid-20™ century the information on taxo-
nomic diversity of Cladocera was mostly scattered in

numerous publications, while summaries on the subject
appeared occasionally [Korovchinsky, 1997]. The next
period, however, beginning in the 1960s, was dedicated in
large part to summing up the results of prior publications
in many books (see Korovchinsky [1996]) (Table 1).

A similar trend may be observed in the Copepoda of
continental waters. The equal numbers of large revisions,
identification books and taxonomic reviews were pub-
lished post-1950s [e.g., Lindberg, 1957; Wilson, Yeat-
man, 1959] to the present [Einsle, 1993; Reddy, 1994;
Dussart, Defaye, 1995; Karaytug, 1999] (Table 1).

It is interesting to note in both groups that regional
taxonomic-faunistic reviews predominate over taxo-
nomic revisions of particular groups although in Cla-
docera the latter became more numerous in the 1990s.

Character of current studies

The significant changes in cladoceran taxonomy
started in the 1970s are mostly connected with the name
of Professor D.G. Frey and his followers [Frey, 1982,
1987 and references cited in Korovchinsky, 1996]. They
used a population approach, the study of large groups of
specimens, numerous characters, morphological vari-
ability, ontogenetic changes, experimental crosses, elec-
tron microscopy, and electrophoresis. The population-
genetic and taxonomic studies by Professor P. D. N.
Hebert and his co-workers, recently combined with
more detailed morphology [e.g., Korinek & Hebert,
1996; Hebert & Finston, 1996; Hebert & Wilson, 2000],
also contributed much to this field.

As aresult, the degree of taxonomic recognition has
reached the level of sibling species and interspecific
hybrids. Many well known and widely distributed taxa
considered as species were proved to be in fact groups of
closely or even not closely related species with compar-
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Table 2. Genera and species-groups (the latter are indicated by 1—2 principal species) of Cladocera and Copepoda
effectively studied (at least partly) during recent decades (in parenthesis — the area of locally revised taxa, revi-
sions supplemented by genetic analysis (*) and interpopulation crosses (**)).

Tabanya 2. Poast u rpymmst Bupos (mocaeprme obosnavarorest 1—2 ocxosasimm Bupamn) Cladocera nu Copepoda,
3dPeKTUBHO MccaeAOBaHHbIE (IO KpaViHEN Mepe YacTUIHO) B TOCAEAHME AecatmaeTns (B ckobrax — o6aacTp
AOKAABHO PEBMU30BAHHBIX TAKCOHOB, PEBM3WUM, COITPOBOYKAAEMBIE TeHETHIECKUM aHasmsom (F) n
MEKIIONYASIYUOHHBIMU CKperguBarmsamu ().

CLADOCERA COPEPODA
Family Sididae Family Chydoridae Calanoida
Sarsilatona Eurycercus ** Calamoecia
Diaphanosoma mongolianumUeno, 1938 Pleuroxus ** Boekella
D. orghidani Negrea, 1982 Plurispina Pseudoboekella
D_' g(_alig/i?ssi‘;nziﬂi,elgoégoo Archepleuroxus Hemiboekella
D. dubium Manuilova, 1964 Planicirclus Phyllodiaptomus

Disparalona Neodiaptomus

Family Daphniidae Chydorus Heliodiaptomus
Daphnia pusilla (Serventy, 1929) Dunhevedia Allodiaptomus
D. similis Claus, 1876* Dadaya Eodiaptomus
D. carinata King, 1853 (Australia) Alona éffinis (Leydig, 1860) Sinodiaptomus
?'DTEZ:;?Z:ZQSQE c\)/, ;tg i?onso, 1985 A. costata Sars, 1862 Spicodiaptomus
D. pulex Leydig, 1860 * (North America) A. rectangula Sars, 1862 Megadiaptomus
D. villosa Korinek et Hebert, 1996 * A. karua King, 1853 Leptodiaptomus™*

Hesperodiaptomus arcticus (Marsh,

Megafenestra Acroperus elongatus (Sars, 1862) ** 1920)*
Scapholeberis Kurzia Mixodiaptomus
Simocephalus Kozhowia Lovenula (Africa)
Oxyurella Paradiaptomus
Family llyocryptidae Notoalona
llyocryptus Ephemeroporus Cyclopoida
Celsinotum Mesocyclops **
Family Macrothricidae Bryospilus Cyclops* **
Macrothrix laticornis (Fischer, 1851) Spinalona Acanthocyclops* **

Family Bosminidae Megacyclops *

Bosmina (South and North America) Diacyclops
Bosminopsis (Amazon region) Tropocyclops
Paracyclops
Thermocyclops

Metacyclops (North and South America)
Fimbricyclops
Yansacyclops
Ponticyclops

Stolonicyclops

A somewhat different situation was observed in
Copepoda probably mainly due to permanent bisexual-
ity of their populations (on the contrary, in most cladoce-
ran populations unisexual parthenogenetic reproduction

atively small ranges [e.g., Frey, 1973, 1980, 1991;
Hann, 1982, 1990]. In general, over 160 species of 29
genera of Ctenopoda and Anomopoda were involved in
modern detailed studies (Table 2).
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predominates). It is not unlikely that thanks to this
difference, taxonomy of Calanoida, in which mainly
reliable secondary sexual characters were used, always
remained at higher level , compared with that of Cla-
docera. This resulted in better elaboration of their zoo-
geography and revealing of significant endemicity of
local faunas. The positive characters of taxonomy of
Calanoida made them a good object for different limno-
logical analyses [Hutchinson, 1967; Pejler, 1975].

Meanwhile, the modern revisions of some genera of
Calanoida: Mixodiaptomus, Neodiaptomus, Tropodi-
aptomus, Phyllodiaptomus [Kiefer, 1982; Alonso, 1984;
Dussart, Fernando; 1985; Dumont, Reddy, 1993, 1994;
Reddy, 1994; Dumont et al., 1996; Reddy et al., 1998]
and some others testify to the incompleteness of species
richness of the group. Moreover, a new genus Keraladi-
aptomus was recently described from India [Santos-
Silva et al., 1994]. The success of recent taxonomic
revisions of Calanoida is based on detailed morpholog-
ical studies, supplemented sometimes by genetic analy-
sis [Boileau, Hebert, 1988; Boileau, 1991].

Identification of Cyclopoida species has always been
more difficult than in Calanoida mostly due to their
strong morphological plasticity and indistinct diagnos-
tic features. For this reason, some non-traditional meth-
ods such as complex biometric measurements, chromo-
somal characteristics, and experimental crosses were
involved in their taxonomy long ago [e.g., Lowndes,
1932; Kozminski, 1936; Price, 1958; Monchenko, 1989;
Dussart, Defaye, 1995]. Later they were supplemented
by study of chromatine diminution [Einsle, 1975] and
electrophoretic data [Einsle, 1988a].

These innovations are important but are limited in
use [Fryer, 1985; Einsle, 1988a; Dahms, Schminke,
1995]. The necessity of studying fine morphological
features, including those of larval stages, recently be-
came more apparent in the taxonomy of Cyclopoida
[Reid, 1991a] as it has been shown, for instance, in
revisions of Mesocyclops, Cyclops, and Paracyclops
[Kiefer, 1981; Van de Velde, 1984; Einsle, 1988b;
Dahms, Fernando, 1993; Karaytug, Boxshall, 1998;
Holynska, 2000]. The intercontinental comparison of
populations of some Cyclopoida was ineffective in the
past [Yeatman, 1944] due to poorly elaborated morphol-
ogy, whereas at present small but constant morphological
differences between supposed conspecific populations
from Europe and North America[Chengalath, Shih, 1994]
were found which suggests their taxonomic distinctness.
The number of taxa shared between continents has been
diminished upon continuing re-examination [Reid, 1997/
98]. Similar patterns of intercontinental morphological
and taxonomic differentiation of closely related taxa
have been described in cladocerans [e.g., Korovchin-
sky, 1979; Frey, 1980, 1991; Michael, Frey, 1984].

Revisions of theMesocyclops leuckarti (Claus, 1857)
[Kiefer, 1981; Van de Velde, 1984], Australasian Meso-
cyclops (Holynska, 2000), Cyclops strenuus (Fischer,
1851) [Einsle, 1975; 1988b, 1996] species groups, and
species of Acanthocyclops [Price, 1958; Fryer, 1985;
Reed, 1986; Monchenko, 1989; Reid, 1997/98], which

N.M.Korovchinsky

revealed frequent small morphological differentiation
between species have clearly demonstrated a trend sim-
ilar to that in cladocerans. In many of the latter the
interspecific morphological separation has proved to be
small or even inconspicuous as well [e.g., Frey, 1980,
1991; Hann,1982; Korovchinsky, 1987]. In the latter
study the species status of two the closely related Diaph-
anosoma mongolianum (Ueno, 1938) and D. lacustris
Korinek, 1981 was clarified by few cases of their co-
occurrence in some water bodies. The same methodolo-
gy was used to prove species status of some co-occurring
forms of Cyclopidae [Monchenko, 1988].

Many other species of Cladocera, Calanoida and
Cyclopoida need thorough reinvestigation. For exam-
ple, the ratio of taxa of species rank of the latter group
with very wide or cosmopolitan distribution (potential
species groups) reaches more than 50 % in Europe
(unpubl. author’s data) and more than 70 % in North
America [Shih, Chengalath, 1992]. According to Reid’s
[1997/98] data, North America and Eurasia share 27 %
of their known species of cyclopids. Comparing with
cladocerans, they are supposedly less investigated in
detail (Table 2). Thus, about 45 % of the known species
of Ctenopoda and Anomopoda may be considered as
more or less taxonomically valid [Korovchinsky, 1996],
while in the Cyclopoida of inland waters, with a close
number of currently known species, such taxa seem less
numerous. However, further study, especially in America
[e.g., Reid, 1989, 1991b, 1993, 1997/98], is in progress.

Conclusion

During the last several decades the morphological,
taxonomic, and faunistic studies of the Cladocera (Cte-
nopoda and Anomopoda) and the Copepoda (Calanoida
and Cyclopoida) of continental waters have much inten-
sified, resulting in the description of many new taxa and
regular publication of summary monographs. Among the
latter, however, the number of taxonomic revisions, strong-
ly improving the classification of particular groups, is
small compared with reviews of global or regional level.

The taxonomy of groups under consideration has
been elaborated differently. However, in each case we
find similar processes of re-evaluation of species result-
ed in discrimination of many species groups. Interspe-
cific differences often appeared to be less pronounced
(or inconspicuous in sibling species) than thought previ-
ously. The progress in taxonomy of Cladocera and
Copepoda of continental waters is mostly based on
detailed morphological studies, including the search of
new features, variability, larval morphology, and SEM
data as well as genetic and cytotaxonomic analysis.

Thus, in general the level of taxonomic studies of
Cladocera and Copepoda, forming the bulk of micro-
crustaceans of continental waters, has increased signif-
icantly, apparently demonstrating deviation from typo-
logic methodology. Atthe same time, the lack of special-
ists and difficulties in acceptance of a new taxonomic
“ideology” may constrain the development of urgently
needed finer resolution taxonomy.
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