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Abstract. Current state of knowledge about general characteristics and ecology of the Central European
species of Moina Baird, 1850 is summarised. Five species present in the Czech Republic or in the immediate
vicinity can be divided into two groups according to their ecology: Two of them — Moina macrocopa
(Straus, 1819) and M. brachiata (Jurine, 1820) — have larger body size and they are common in small
ephemeral localities or highly eutrophic village ponds in the lowlands of the whole country, whereas
M. micrura Kurz, 1874 and M. weismanni Ishikawa, 1896 are generally smaller and live in larger permanent
waters. M. micrura is a native species, described from a locality in Central Bohemia. M. weismanni is likely
a Far East invader but it has been present in the region for several decades already, at least since early
1930’s. The last species, M. ephemeralis Hudec, 1997, was described from a fishpond in Slovakia only very
recently; however, it had been probably overlooked in the past due to the similarity of parthenogenetic
females as well as usage of misleading identification keys.

Ecology, review, Cladocera, Moina, Czech Republic, Palaearctic region

Moina Baird, 1850 (Crustacea: Anomopoda: Moinidae) is a cladoceran genus closely related to
Daphniidae (Goulden 1968, Fryer 1995). They are opportunistic cladocerans typically occurring in
temporary pools, saline lakes or other waters with extreme conditions (e. g., with high temperature
fluctuations). The genus has a worldwide distribution (except Antarctica). The majority of the
species can be found in areas with a relatively warm climate, from tropical to temperate zones.
There are only very few exceptional reports of moinids from subarctic or alpine regions (Sramek-
Husek 1962, Fléssner 2000).

All Moina are small or medium-sized cladocerans. The body length of adult parthenogenetic
females varies between 0.5 and 1.8 mm, depending on the species. Males are always smaller than
females. The appearance, functional morphology and presumed phylogeny of Moina are de-
scribed in details in the monograph by Goulden (1968). In this complete revision of the genus, the
author pointed out some specific morphological characteristics (e. g., morphology of trunk limbs,
head shape, antennules) and peculiarities in sexual cycle and development of Moina. In his opin-
ion, these specific characters were important enough to separate two genera, Moina and Moino-
daphnia Herrick, 1887, from the rest of Daphniidae. He assigned these genera to the newly de-
scribed family Moinidae. This separation of the family has been recently subject to criticism as a
result of both morphological analyses (e. g., Fryer 1995) and DNA studies (Schwenk et al. 1998).
However, additional sequence data from three Moina species suggest that this genus is divergent
from other daphnid genera and may constitute a well-defined group (Petrusek, unpublished data).

Several species of Moina have considerable economic importance. Most of the species have a
short generation time, fast population growth and they are easy to keep in culture. There is an
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increasing interest in production of Moina as a cheap and nutritionally valuable fish food for
aquaculture (e. g., Alam et al. 1993, Tamaru et al. 1997). Moina is also routinely used as a test animal
in toxicological assays (e. g., Krishnan & Chockalingam 1989, Wong 1989). In addition to well-
known Daphnia Miiller, 1785, Moina has been used as a convenient model organism for studies of
cladoceran physiology, ontogenesis, genetics etc. The findings about its biology formed substan-
tial parts of some influential “classical” papers (e. g., Weismann 1877, Banta 1939).

Special features of the sexual cycle of Moina

Moina reproduces by the cyclic parthenogenesis as most of cladocerans do. The typical repro-
ductive cycle of daphniid cladoceran (and its impact on the genetic structure of populations) is
described and discussed in many reviews (e.g., Mort 1991, De Meester 1996). Although Moina
reproduction follows the same general pattern as Daphnia, there are some differences arising from
peculiarities in its ontogeny.

The parthenogenetic females of Moina possess a special placenta-like structure (“Néhrboden”
sensu Weismann 1877; “marsupial organ” sensu Smirnov 1976) that presumably serves to nourish
the developing embryos in the brood pouch (Weismann 1877, Rammner 1933, Goulden 1968).
Organs with a similar function have independently developed also in other cladoceran taxa —in all
families of Onychopoda and in Penilia avirostris Dana, 1849 (Ctenopoda: Sididae) (Makrushin
1985). The yolk content of parthenogenetic eggs is reduced in the taxa possessing placenta
(Rammner 1933, Makrushin 1985) and the eggs are not able to develop out of the brood pouch of
the mother. This adaptation could possibly lead to increased brood sizes and/or faster egg produc-
tion. No further details on function and physiology of the placenta of moinids are available.

The presence of the placenta apparently prevents the parthenogenetic females of Moina from
forming of an ephippium. This slightly changes the sexual phase of the reproductive cycle of
Moina. Although any parthenogenetic female can switch to sexual reproduction in Daphnia or
other Anomopoda, it is not the case of Moina. Males can develop in a brood of any parthenoge-
netic female of Moina but the sexual eggs and ephippia can only be produced by freshly matured
females (Goulden 1968).

The sexual females of Moina can continue to produce sexual eggs and ephippia throughout
their life. The new ephippium is formed immediately after the deposition of the previous one and
the females are ready for the next mating. This allows one female to produce several genetically
diverse resting eggs during the sexual phase of reproduction, even in species where only one
sexual egg is deposited into the ephippium. However, once a sexual female switches to partheno-
genetic reproduction, this switch is irreversible.

One moult is necessary between the deposition of the ephippium and the first parthenogenetic
brood in at least several Moina species (Goulden 1968; pers. obs.). Goulden suggested that this
post-sexual instar was necessary for placenta formation.

Moinain Europe and in the Czech Republic

Eight species of Moina have been recorded from the European continent. Moina lipini Smirnov,
1976 was described from a fishpond area near Moscow (Russia) and there are no reports of this
species from Central or Western Europe.

Moina salina Daday, 1888 has been described from Transylvania and occurs in saline waters of
the Old World. (The name M. mongolica Daday, 1901 is still widely in use, however, it is only a
junior synonym of the same species (Negrea 1984).) In Europe it is present in Eastern European
lowlands and in the Mediterranean region — e.g., on the Balkan Peninsula (Stephanides 1948,
Negrea 1984), in Spain (Alonso 1996), and on Sardinia (Margaritora 1971). This species does not

214



occur in the Czech Republic, the nearest localities with its presence are in southern Hungary (Forro
1988, Hrbacek etal. 1978).

Moina affinis Birge, 1893 is a North American invader. It has been repeatedly recorded in Italian
rice fields in the last 40 years. First findings were published by Moroni (1962); for more recent data
see Margaritora et al. (1987) or Leoni et al. (1999).

The remaining five species of European Moina can be found on the territory of the Czech
Republic and Slovakia. These are Moina macrocopa, M. brachiata, M. micrura, M. weismanni,
and M. ephemeralis. The differential diagnosis of these species has been given in papers of
Hudec (1988, 1989, 1997).

Our species of Moina can be divided into two groups according to their preferred habitat and
corresponding ecological traits. The facts about their ecology and habitat preference given below
describe the situation in Central Europe.

Moina brachiata and Moina macrocopa — species of puddles and hypertrophic pools

Two species, Moina brachiata and M. macrocopa belong to a group of “large” Moina species —
their parthenogenetic females can grow up to 1.5 mm and their mean size is usually over 1 mm
(Goulden 1968). They are characteristic inhabitants of small, usually ephemeral water bodies in the
temperate zone. Both species prefer lower altitudes, they are rarely found higher than 450 m a.s.1.
in Central Europe (Hudec 1989, pers. obs.). They sometimes co-occur in the same water bodies
(Petrusek 2000).

Moina brachiata (Jurine, 1820) is the type species of the genus. It is an Old World species,
widely distributed in Europe, Africa and Central Asia (for details on distribution of all species, see
Goulden 1968, Smirnov 1976, Hrbacek et al. 1978, Flossner 2000).

Moina macrocopa (Straus, 1819)* is widespread mostly in Europe, North Africa (Algeria), Mid-
dle East, Eastern Asia and North America. The populations from Paleotropic and Palearctic regions
do not differ substantially in their morphology. They belong to the typical form, designated by in
Goulden (1968) as the subspecies M. m. macrocopa (Straus 1819). There is only one isolated
report of M. m. macrocopa from the Neotropic region (Paggi 1997) and that could have been a case
of the recent species introduction.

In North America, M. macrocopa occurs in the United States (Goulden 1968) and Mexico (F.
Martinéz-Jeronimo, pers. comm). However, animals from these populations differ from the typical
form by the pattern of ephippial surface and setation of the carapace rim. They were described as
the new subspecies M. m. americana Goulden, 1968. The actual extent of the divergence between
the two subspecies is not known yet.

There are two basic types of habitats strongly preferred by M. brachiata and M. macrocopa.
Small village ponds or sewage ponds are examples of the first type. These are usually permanent
water bodies, highly eutrophic and with excess of food supply. However, the conditions during the
season become unfavourable for most of the zooplankton species. The water temperatures can be
relatively high in summer and there are often periods of low oxygen content (especially if the water
surface is covered with floating plants such as Lemna, or detritus). Although fish may be present,
their predation pressure is not very important factor structuring zooplankton communities in those
ponds. Moina usually co-occurs with some large Daphnia species (D. magna Straus, 1820, D. pulex
Leydig, 1860) in such habitats (Sramek-Hugek 1941).

* Alonso (1996) suggested that the name Moina macrocopus should be used instead because of linguistic and
historical reasons. Although this suggestion follows the ICZN rules, I still use the name M. macrocopa. The taxon
is widespread and the name macrocopa has been in use continuously for more than ninety years. I believe it should
be assigned the status of nomen conservandum to avoid confusion.
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Ephemeral pools (such as rainpools or ditches; further on called “puddles”) are examples of the
second habitat characteristic for Moina brachiata or M. macrocopa. Typical puddle is a small
water body, with a diameter of one to several meters and maximum depth often not exceeding 20 cm,
often drying up several times during the summer season. The volume and duration of water is
dependent mostly on the rain frequency and exposition to the sunlight and wind. It is usually
either dry or completely frozen during the winter. Puddle localities are unstable, they can deterio-
rate and/or disappear completely during few seasons; so the Moina population does not find
suitable conditions at the site anymore.

Ephemeral habitats inhabited by M. macrocopa and M. brachiata are usually found in open,
unshaded areas (pers. obs.), and therefore they are often considerably warmed up during the day.
The temperature differences between day and night in puddles can rise up to 15° C (Maier et al.
1998). Water level fluctuations in puddles induce abrupt changes of both biotic and abiotic condi-
tions — salinity, seston (and food) concentration etc. (Hronesova 1992). Changes of water volume
also directly affect the density of populations.

Puddles often harbour a high diversity of invertebrates, including other cladocerans (e.g.,
Daphnia obtusa Kurz, 1875), ostracods, copepods and insects (pers. obs.). The most important
predators possibly affecting Moina populations in this type of habitat probably belong to the
latter two groups. Other crustaceans typical for ephemeral habitats, Anostraca, Notostraca, and
Conchostraca, may also co-occur with Moina (Maier et al. 1998, pers. obs.).

Puddle species of Moina can tolerate high water temperatures (Maier 1993) and elevated con-
tent of dissolved substances. This tolerance allows them to colonise water bodies where the
extreme environmental conditions limit the presence of their potential zooplankton competitors
(e.g., cattle manure runoff with high organic content). M. brachiata is also one of few cladoceran
inhabitants of sodic waters in Austria, Hungary and Serbia, occurring both in temporary pools and
permanent “lakes” (Metz & Forr6 1989). Similar saline habitats are uncommon in the Czech Repub-
lic. One such locality (with an abundant presence of M. brachiata) is a swamp adjacent to the
fishpond Nesyt near Lednice in South Moravia (pers. obs.).

Both M. brachiata and M. macrocopa can reach densities over 10,000 indxI"! (Maier 1993,
Khalaf & Shihab 1979) in favourable conditions. The highest abundance usually corresponds with
periods of low water level in temporary pools, when population growth and drying out of the
habitat have synergistic effect. Such crowding lowers dramatically the available food supply,
consequently the decrease of ingestion stops population growth and encourages sexual repro-
duction (D’ Abramo 1980), preparing the Moina population for possible drying of the habitat.

Each of the two puddle species can be found occasionally in fishponds. This occurs in periods
when conditions in the pond approach those experienced in the temporary waters — for example
within few weeks after the flooding of the area. The population of Moina can reach a brief peak of
abundance in such cases. However, neither M. brachiata nor M. macrocopa regularly occur in
permanent water bodies with the presence of fish or large Daphnia species.

Moina micrura, M. weismanni and M. ephemeralis — species of ponds
These three species are representatives of smaller cladocerans of the “shallow lake” habitat and
they share together many characteristics. Localities where these Moina species occur include
fishponds, dead river arms and oxbow lakes, flooded sandpits and similar water bodies (Hudec
1988, 1997, 1. Ptikryl —unpublished data), especially in warmer areas. Planktivorous fish commonly
prevail in such waters and shift the composition of crustacean zooplankton towards small cladocer-
ans.

Adult females of all three Moina species from permanent water bodies have relatively small
body size, usually not exceeding 1| mm. M. ephemeralis is larger than the other two species — the
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largest specimens measured up to 1.36 mm (Hudec 1997). Their populations are intermittent and no
adults survive over winter. Populations of Moina often appear in short-time peaks of abundance
only, usually in spring or autumn (Hudec 1997, 1. Pfikryl — unpublished data). M. micrura can
occasionally reach densities up to 8,000 indx.1"! during these peaks (Flossner 2000). If prevailing
for longer time, Moina populations have usually low densities and occur together with other
genera of small pelagic cladocerans (e.g. Bosmina Baird, 1846, some Daphnia species, Diaphano-
soma S. Fischer, 1850 etc.). Two or even all three species can be occasionally found together on the
same locality (Hudec 1997, Petrusek 2000).

Moina micrura Kurz, 1874 was until recently the only species of Moina with a small body,
recognised from the Central European region. It is a typical example of the unresolved taxonomy
within the genus. It was described from a pond near MaleSov (near Kutnd Hora, Central Bohemia).
The type specimens are not available and the type locality no longer exists — the pond had been
dried up and the area forested. The original description did not include enough details and prob-
ably was not widely known; so several other similar species have been described during following
decades from different parts of the world. More information about morphology of M. micrura
sensu stricto was added later in the report of the presence of this species in Bohemia (Sramek-
Husek 1940). However, the detailed redescription of M. micrura from another Czech locality re-
mained unpublished (Sramek-Husek, unpublished manuscript). The morphological variability of
populations of small-sized Moina is so high that seven species names were declared invalid and
synonymised with M. micrura in the revision of the genus by Goulden (1968); some species were
included also later (Smirnov 1976, Sharma & Sharma 1990).

Moina micrura is considered to be a cosmopolitan species with extensive morphological and
ecological plasticity, occurring in a wide range of different habitats. M. micrura sensu lato (Goulden
1968) has been recorded in various habitats in most parts of the world, with the exception of cold
regions. Partly because of acknowledged variability of the species, any population of small Moina
found on the territory of former Czechoslovakia had been previously identified as M. micrura or
invalid M. rectirostris (Leydig, 1860). The results of the experimental hybridisation of clones of
M. micrura sensu lato of different origin and the sequence comparison of the mitochondrial gene
for 12S rRNA show that M. micrura is clearly a complex of sibling species (Petrusek 2000). How-
ever, the Central European populations belong undoubtedly to Moina micrura sensu stricto.

Two more species with similar morphology and ecology, M. weismanni and M. ephemeralis,
occur in Central Europe. The most important species-specific characters can be found on the
sexual individuals. The morphology of ephippial females allows an easy identification of the
species. Small differences in morphology of parthenogenetic females can explain the fact that
M. weismanni (and probably also M. ephemeralis) often escaped the detection. When a sample of
the population does not contain sexual animals, the correct species assignment can be a difficult
task. M. weismanni and M. ephemeralis are absent from most of the identification keys of Europe-
an cladocerans (including recent publications — e.g., Flossner 2000). The use of older publications
(e.g., Sramek-Husek 1954, Sramek-Husek et al. 1962) that include invalid species names
(M. rectirostris) and incorrect descriptions of valid species (M. brachiata) still adds to the taxo-
nomical confusion.

Moina weismanni Ishikawa, 1896 is thought to be a Far East invader, brought to Europe with the
cultivation of rice (Margaritora et al. 1987, Hudec 1990). It is widespread in South-East Asia —
Japan, China, Indonesia, and Indian subcontinent (Smirnov 1976). Since the differential diagnosis
of the species (e.g., in Hudec 1990) had become widely known, it has been recorded in various
localities in both the Czech Republic and Slovakia (Hudec 1988, I. Prikryl —unpublished data).
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However, Moina weismanni has been apparently a part of the Central European fauna for much
longer than previously thought. The occurrence of this species in Bohemia is documented back to
1931. There is a well-preserved sample of a rich M. weismanni population, including males and
ephippial females, collected by Sramek-Husek in a village pond in Bohumile¢ (Pardubice district)
on August 14, 1931. The animals were identified as M. rectirostris (invalid name, which had been
used for several different Moina species) (Sramek-Husek 1941), therefore the presence of this
species in the old sample remained unnoticed until recently (V. Kofinek, unpublished results).

Vojtek (1958) recorded the presence of M. weismanni in Southern Moravia (four localities near
Znojmo) in the years 1947—-1948. Although he called the animal M. micrura, he described well the
morphology of sexual females. The identity of the species is beyond question thanks to his precise
drawing of the ephippial surface.

The presence of this species has been also recorded in several areas of Central Asia and Russia
(Mirabdullaev 1992), on the Balkan peninsula (Petkovski 1991), in Hungary (Hudec 1990, Forro
1999), and in Belgium (Forr6 et al., in prep.). It seems that its current distribution is much wider than
previously thought. Either M. weismanni is quite an efficient invader, or its presence had been
overlooked for a long time. The detailed comparison of European and Far East populations of
M. weismanni, including molecular traits, would be helpful to validate the identity of this species
and the relationship among its populations.

Moina ephemeralis Hudec, 1997 is the rarest species of Moina living on the territory of the Czech
Republic and Slovakia. It was described recently from Southern Slovakia (carp ponds near Hrhov)
(Hudec 1997). Since then it has been found on several occasions in the floodplain of the lower
reach of the river Morava (I. Hudec, pers. comm.). The distribution of this species is unknown;
there are yet no records of this species from any other part of Europe.

Although Moina ephemeralis is one of only three European Moina species with ephippium
with two eggs (the other two are M. macrocopa and M. lipini), there are several reasons why it has
probably escaped attention for a long time. First, the life cycle of M. ephemeralis is very short
compared to other planktonic cladocerans (Hudec 1997), second, the correct identification of
populations without sexual individuals is rather difficult, as parthenogenetic females can be con-
founded with those of M. weismanni. And the last, the use of misleading identification keys could
be also the reason.

Four species of Moina are included in the monograph on Czechoslovak cladocerans (Sramek-
Husek 1962). M. weismanni and M. ephemeralis are missing, but one more species, M. rectirostris
(Leydig, 1860) is listed. Goulden (1968) synonymised most of the occurrences of this taxon with
M. micrura, however, M. rectirostris sensu Sramek-Husek is equivalent to M. brachiata. Sramek-
Husek distinguished M. brachiata and M. rectirostris by the number of ephippial eggs. Accord-
ing to his key, M. brachiata should have had ephippium with two eggs (which is incorrect) where-
as M. rectirostris with one egg only; M. ephemeralis would be therefore keyed out as M. brachiata.
This suggests that some records of M. brachiata sensu Sramek-Husek could have been actually
rare occurrences of M. ephemeralis.
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