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ABSTRACT

Tropical Amphi-Pacific and trans-Pacific disjunctions are among the most controversial distribution patterns in biogeography. A
disjunct distribution pattern between SE Asia (in fact, Indochina-Assam) and the Neotropics is rarely investigated in freshwater inver-
tebrates. In the following, we give the first review on potential tropical Amphi-Pacific disjunctions in the Cladocera (Crustacea: Bran-
chiopoda), a group of freshwater microcrustaceans. As a case study, we examine the littoral-benthic freshwater genus Leydigiopsis
Sars, 1901 (Cladocera: Anomopoda: Chydoridae). The lineage has four known species in the Neotropics and we examine the status of
Leydigiopsis records from Indochina and Assam (India). Our morphological study shows that the Oriental Leydigiopsis is not a human-
mediated introduced species from South America. The populations belong to a distinct species, which we describe as new from Thailand
and Vietnam. We discuss the biogeography of Leydigiopsis and examine possible hypotheses underlying the observed distribution
pattern (e.g. transoceanic long-distance dispersal, boreotropical migration scenario, African extinction scenario). Our case study shows
that a boreotropical origin seems the most plausible scenario for the current distribution of this tropical chydorid lineage. In the absence
of a good fossil record, we propose that a comparison with biogeographical hypotheses of plants, may provide useful analogies when
studying anomopod biogeography, because ephippia, the propagules for dispersal, functionally act as minute aquatic plant seeds. We
list other examples of potential tropical Amphi-or trans-Pacific disjunctions in the Cladocera, based on phenotypes and we provide an
updated key to the Leydigiopsis species of the world. Undersampling, taxonomical bias, the absence of molecular data and a poor
fossil record, remain the most important obstacles for studying biogeography in non-planktonic tropical freshwater zooplankton.
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INTRODUCTION biogeographical studies are very important for the contin-
uation of studies on evolution, ecology and conservation

Studi int tinental di i ient lin-
ies on intercontinental divergence in ancient lin in the region (Woodruff, 2010).

eages with limited dispersal abilities that are specialised
to certain habitats are vital to the science of biogeography
(Schram, 2008). Tropical disjunctions can be highly in-
formative for historical biogeography and for assessing

The importance of tropical Amphi- and trans-Pacific
distributions

speciation in any given group of plants or animals, or even
for assessing the approximate timing of origin in certain
lineages (e.g. Morrone and Crisci, 1995; Morrone, 2001;
Sanmartin and Ronquist, 2004). As Love puts it, it has
been demonstrated that distribution areas mirror the his-
tory of the species and its evolutionary divergence, mak-
ing studies of areas and of the variations of the taxa they
represent an important tool for those who study the
processes of evolution (Love, 1967). Indeed, biogeograph-
ical knowledge allows insights in the evolution of a group:
it is knowledge of distributions that may be the most pow-
erful tool for any evolutionary biologist (Grehan, 2007).
As our biotas are becoming more globalised, which dis-
turbs the natural distribution patterns, the science of bio-
geography itself is threatened (Schram, 2008). In SE Asia,

OPEN aACCESS

Many examples are known of tropical trans-Pacific
and Amphi-Pacific distributions, i.e. of disjunctions be-
tween the tropical continental parts of the Neotropics and
Australasia. The pattern appeals to the imagination of bio-
geographers. Southerly trans-Pacific disjunctions are
among the most conspicuous and notorious of all known
distributional patterns. (McCarthy et al., 2007). Trans-
and Amphi-Pacific disjunctions are often considered old
and a result of vicariance, although long-distance disper-
sal has been proposed as an alternative as well: the bio-
geographic history of the Southern Hemisphere is
considered a prime example of the vicariance scenario:
disjunct trans-Pacific distributions resulted from the se-
quential breakup of the southern supercontinent Gond-
wana during the last 165 million years (MY), causing
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vicariant division of its ancestral biota (Brundin, 1966;
Raven and Axelrod, 1972). Long-distance dispersal is
usually discarded as the primary causal explanation of
Southern Hemisphere patterns. (Sanmartin and Ronquist,
2004). The latter type of distribution should not be con-
fused with Amphi-Beringian, northern trans-Pacific dis-
tributions which are common in freshwater groups (i.e.
between East Asia and North America; Banarescu, 1990-
1995). In fact, we focus here on tropical Amphi-Pacific
and trans-Pacific disjunctions. Sometimes the words am-
phinotic or circum-Antarctic are used for cold-adapted lin-
cages that occur in Australia-New Zealand-South
America, but that are not found in Africa or Madagascar
(e.g. Winterbourn, 1980; Matile, 1990). The puzzling
thing about Amphi- or trans-Pacific disjunctions, is that
there is no generally accepted, all-encompassing theory
that can explain the pattern. As thrilling and wonderful as
trans-Pacific disjunctions might seem to the enthusiastic
biogeographer, they might be equally irritating and bizarre
to the frowning geologist. Many hypotheses have been
suggested to explain trans-Pacific disjunctions, some of
which challenge the standard plate tectonic models. This
particular discussion is one of the major driving forces in
biogeography (e.g. Cox, 1990; Sluys, 1994; Nelson and
Ladiges, 2001; McCarthy ef al., 2007) and a central theme
in panbiogeography (Craw et al., 1999; Grehan, 2007). In
panbiogeography, amphi-Pacific organismal distributions
form the ingredients of trans-Pacific biogeographic
tracks. (Sluys, 1995). Tropical Old-New World diver-
gences fuel the debate of vicariance vs long-distance dis-
persal (e.g. Sanmartin and Ronquist, 2004; Chen et al.,
2013; Christenhusz and Chase, 2013) and are even impor-
tant for the reconstruction of Gondwana (McCarthy et al.,
2007). For example, McCarthy ez al. (2007) discuss a
long-distance transantarctic dispersal scenario by
Brundin (1966), supported by Sanmartin and Ronquist
(2004) and discuss animal examples (e.g. Sequiera and
Farrell, 2001) while revising the geological background,
thereby challenging reconstructions of Gondwana from a
biological or biogeographical perspective. In general, for
animals, vicariance is considered as the main explanation
for this type of disjunctions (Sanmartin and Ronquist,
2004). Since 1988, a number of researchers have com-
pared vicariance vs dispersal explanations for these
trans-Pacific disjunctions and have concluded that vic-
ariance should be preferred (McCarthy, 2007). However,
under a vicariance paradigm the classical pre-drift re-
construction of Pangea cannot adequately explain trans-
Pacific tracks (Sluys, 1995). Hypotheses that are used to
explain Amphi- and trans-Pacific disjunctions, comprise
lost land connections (van Steenis, 1962) such as the lost
continent of Pacifica (Melville, 1966; Nur and Ben-Avra-
ham, 1977; 1982; Kamp, 1980), island arcs (Moores,
1998), island integration (Rotondo et al., 1981), the ex-

panding Earth Theory (e.g. Banarescu, 1990-1995), and
alternative models of Gondwana (e.g. trans-Pacific zipper
effect; McCarthy, 2003, 2007; Briggs, 2004), ancient
transantarctic dispersal (Brundin, 1966; Cracraft, 2001;
Sanmartin and Ronquist, 2004), ancient and recent
transoceanic long-distance dispersal (e.g. Givnish and
Renner, 2004; Keogh et al., 2008; Clayton et al., 2009;
Sharma and Giribet, 2012) and general relictualism
(Eskov and Golovatch, 1986; Banarescu, 1990-1995), like
the boreotropics hypothesis (Wolfe, 1975; Tiftney, 1985;
Morley, 2000, 2001). None of the theories can reconcile
the current geological and biogeographical data (Sluys,
1994) and some are highly debated (Cox, 1990; Briggs,
2004). McCarthy et al. (2007) reviewed the historical im-
portance of trans-Pacific disjunctions for biogeography,
in particular the disjunctions between Australia/New
Zealand and South America, and quoted Brundin (1966):
among the problems raised by distribution of plants and
animals in the southern hemisphere, there is none which
takes a more central position and is more stimulating to
the imagination than the problem of transantarctic (trans-
Pacific) relationships.

Amphi- and trans-Pacific disjunctions in terrestrial
biota

Numerous disjunctions between the Old and the New
World such as Amphi-Pacific and trans-Pacific distribu-
tion patterns are known in plant genera, where the exten-
sive fossil record and molecular analysis allow
palaeogeographic reconstructions (e.g. Van Steenis, 1962;
Heads, 1999; Morley, 2000, 2001; Davis et al., 2002,
2005; Givnish and Renner, 2004; Li et al., 2004, 2011).
Most studied examples of trans-Pacific disjunct distribu-
tions resulting from oceanic dispersal consist of plant lin-
eages... fewer studied examples of trans-Pacific disjunct
taxa are known among animals (Sharma and Giribet,
2012). Yet, not only plant lineages have many examples.
Australasian-South American faunal disjunctions have
been shown for a wide range of terrestrial taxa (Briggs,
1987; Craw et al., 1999; McCarthy, 2003). These include
reptiles (e.g. Gekkonidae, Chelidae, xiphodont crocodiles,
iguanas), amphibians (e.g. Leptodactylidae, Hylidae;
Tyler, 1979; Cogger and Heatwole, 1981; Tyler et al.,
1981), birds (neornithines, galliforms, anseriforms;
Cracraft, 2001), marsupial mammals (Beck et al., 2008),
fish (e.g. Howes, 1984) and dinosaurs (McCarthy, 2003).
The same is true for terrestrial invertebrates. In spiders
(Penney and Selden, 2011), the group Micropholcommati-
nae (Anapidae) is found in Australia, Tasmania, New
Zealand, New Caledonia, South America and occurs in
fossils in French Cenozoic Amber, as well as the Syno-
taxidae (Australia and Central and South America and
Baltic amber) and the Huttoniidae (extant species in New
Zealand, but Cretaceous specimens in Canada; Penney
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and Selden, 2005). Ribeiro and Eterovic (2011) counted
an impressive total of 700 species of crane flies (Diptera:
Tipulomorpha) belonging to 30 genera and subgenera,
that are shared between South America and Australasia.
In keropelatid flies, Matile (1990) explored connections
between Western North America and SE Asia in the Rob-
sonomyiini and South America-Australia/New Zealand
disjunctions (e.g. in the genera Bactrocera Macquart,
1835, Platyroptilon Westwood, 1850, Sefostylus Matile,
1990). More examples are known for land planarians
(Sluys, 1995), earthworms (Sims, 1980), beetles (Mor-
rone, 1996), moths and butterflies (Grehan, 1991), land
snails (Miller and Naranjo-Garcia, 1991), and many oth-
ers (Briggs, 1987; Craw et al., 1999; McCarthy, 2003).

Famous examples from the animal world with a dis-
junction between continental SE Asia and South America
include the mammal Zapirus Brisson, 1762, with four ex-
tant species. Three species occur in the Neotropics and
one in SE Asia. The genus is considered to have diverged
in the Cenozoic and went extinct in Europe, as shown by
fossil and molecular evidence (Ashley ef al., 1996). The
oldest tapiromorph perissodactyl fossils dated to the lower
Eocene (Missiaen and Gingerich, 2012). In the reptiles,
the legless lizard family Dibamida has two genera with
its centre of diversity in SE Asia (Dibamus Duméril et
Bibron, 1839) and a monotypic disjunct genus (4nelytrop-
sis Cope, 1885) in Mexico, the result of a Cenozoic
(Eocene) dispersal event (Townsend et al., 2011). Several
trans-Pacific (not Amphi-Pacific) disjunctions in animals
that include New Zealand and oceanic islands in the Pa-
cific, have received a lot of attention. Sharma and Giribet
(2012) studied the colonisation of Pacific islands in a
group of trans-Pacific terrestrial arachnids (Zalmoxidae,
Opiliones) and discussed a few other animal examples
with this type of distribution (e.g. Hackett et al., 2008;
Keogh et al., 2008). The authors concluded that the pat-
tern observed for their arachnids resulted from a Late Cre-
taceous transoceanic dispersal scenario.

Amphi- and trans-Pacific disjunctions in aquatic
invertebrates

For freshwater vertebrates and invertebrates, Banarescu
(1990-1995) studied zoogeographical patterns in detail and
listed an impressive number of examples of tropical
Amphi-Pacific disjunctions. In the aquatic invertebrates,
Cranston examined the disjunct Chironomidae (Diptera)
Nandeva Wiedenburg, Reiss et Fittkau, 1998 (Brazil, Patag-
onia, Central/North Australia), Fissimentum Cranston et
Nolte, 1996 (Cranston and Nolte, 1996), Aphroteniella
Brundin, 1966, Paraphrotenia Brundin, 1966 (Tasmania
and Chilet+Patagonia; Brundin, 1966), Botryocladius
Cranston et Edward, 1999 (Cranston and Edward, 1999),
Pirara Boothroyd et Cranston, 1995 (Cranston, 1999) and
others (Cranston, 2000). Mey (1998) noted a relation be-

tween the Hydrobiosidae genera Atopsyche Banks, 1905 in
South America and Apsilochorema Mey, 1999 in Australa-
sia and in the sister group Rhyacophilidae (Trichoptera),
with an assumed origin in Western Gondwana (Strandberg
and Johanson, 2010). Also, in other freshwater insects such
as mayflies (Ameletopsidae, Coloburiscidae, Nesameleti-
dae, Oniscigastridae), stoneflies (Eustheniidae, Gripoptery-
gidae, Austroperlidae) and in freshwater molluscs, an
amphinotic pattern is known (mussels; e.g. Winterbourn,
1980; Briggs, 1987). Banarescu (1990-1995) attributed
such disjunctions to a presumed northern origin of most lin-
eages and their gradual southward spread as one of two
main hypotheses for explaining the origin of recent fresh-
water faunas.

For the smaller epigean tropical freshwater inverte-
brates, tropical Australasian/South American or SE
Asian/South American disjunctions have been given little
attention and there are rarely good fossils or molecular
data that would provide potential support for the time of
divergence. Furthermore, taxonomical uncertainties as
well as undersampling remain major obstacles for biogeo-
graphical interpretations in small freshwater invertebrates.
Better studied are some smaller invertebrate taxa from the
subterranean realms, where the Anaspidacea and the Ba-
thynellacea (Crustacea: Syncarida) provide perhaps the
best examples of strong disjunctions between southern
South America on one side and south-eastern Australia
and New Zealand on the other, explained by the Gond-
wanan transantarctic dispersal scenario (e.g. Stygocaris
Noodt, 1963, Atopobathynella Schminke, 1973, Chiliba-
thynella Noodt, 1963) (Schminke, 1974; Lopretto and
Morrone, 1998). In the Rotifera, the distribution pattern
remains unstudied even though this old group shows typ-
ical Gondwana-type disjunctions (e.g. Keratella Bory de
St. Vincent, 1827; Segers and De Smet, 2008). Sampling
bias and taxonomical confusion in the tropics play an im-
portant role, in particular the gap of knowledge regarding
the Afrotropical rotifers (H. Segers, personal communi-
cation). Among micro-crustacean zooplankton from trop-
ical surface waters (the epigean freshwater Copepoda and
Ostracoda), there are few unambiguous examples where
the taxonomy is resolved. In Copepoda, several of the an-
cient disjunct patterns could be artificial and are in fact,
intercontinental human-mediated introductions (Reid and
Pinto-Coelho, 1994) or result from taxonomical confusion
(J. Reid, personal communication), and most are hy-
pogean (e.g. Bryocyclops). Wyngaard et al. (2010) men-
tioned the absence of tropical Amphi-Pacific disjunctions
in Mesocyclops Sars, 1914 (Cyclopidae) clades. Ballast
water in boats (now and during long histories of trans-Pa-
cific seafaring) are considered as important vectors, but
copepod species also get introduced with aquatic plants
or animals in aquaculture (Reid and Pinto-Coelho, 1994).
The number of aquatic plant species that have been intro-
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duced in SE Asia from South America through the aquar-
ium trade, is impressive (e.g. Malaysia; Bakar, 2004) and
it is very likely that the latter increases the chances for
zooplankton introductions. True ancient disjunctions are
present in the calanoid Centropagidae genera Boeckella
de Guerne et Richard, 1889 and Pseudoboeckella Mrazek,
1901, which show Australian/New Zealand-South Amer-
ican connections (Bayly, 1992). A South American con-
nection has been reported for several harpacticoids from
New Zealand as well (Lewis, 1984, 1986). In several sub-
terranean Cyclopoida, a few examples are known, perhaps
in the sister genera Anzcyclops Karanovic, Eberhard et
Murdoch, 2011 (Australia/New Zealand) and Muscocy-
clops Kiefer, 1937 (South America) (Karanovic et al.,
2011). In freshwater Ostracoda, which have a good fossil
record, Gondwanan distributions (including Africa) are
common and Amphi-Pacific or trans-Pacific disjunctions
do occur but they are rare and have never been named or
investigated as such (e.g. Cyprididae, Candonidae)
[overview of all ostracod freshwater species and their dis-
tributions in Karanovic (2012)]. In the Cyprididae, for ex-
ample, the genus Riocypris Klie, 1935 has a disjunct
distribution between Uruguay and Australia (Karanovic,
2008) and in the ancient family Darwinulidae, the genus
Penthesilenula Rossetti et Martens, 1998 has a species
that is known only from New Zealand and from Brazil (P
aotearoa; Pinto et al., 2004). In the Notodramididae, the
genus Newhamia King, 1855 has four Australian species,
one Indian species and two South American species
(Karanovic, 2012). Among the larger epigean freshwater
crustaceans, Anaspidacea malacostracans also are limited
to Australia, Tasmania, New Zealand and Argentina (C.
Rogers, personal communication). Amphi- or trans-Pa-
cific disjunctions are unreported in the larger bran-
chiopods. Banarescu (1990-1995) noted several strongly
disjunct distributions in Branchiopoda and Copepoda,
which inhabit mainly temporary pools and are able to pas-
sively disperse through resistant diapause stages, yet this
is relatively outdated. However, molecular research has
suggested relatively recent trans-oceanic dispersal events
in the large branchiopods between the New World and
Australia, based on relatively low genetic divergences
(Eocyzicus Daday, 1914; Triops Schrank, 1803, Van-
schoenwinkel et al., 2012; Schwenter ef al., 2013) and be-
tween Australia and Asia (Cyclestheria Sars, 1887,
Schwenter ef al., 2013). For the crustaceans, that leaves
us with a major and widespread component of the fresh-
water zooplankton: the small branchiopods or Cladocera.

Disjunctions in the Cladocera

The extant Cladocera, epigean and freshwater in ori-
gin, are largely a group of relicts that have undergone a
significant number of extinctions over extensive periods
of time (Frey, 1986; Korovchinsky, 2006). Cladocerans

are an old (Palaecozoic) group and most of the lineages of
the taxonomical rank above the species level have retained
a number of /iving fossils, their ancient origins reflected in
morphologies and in current distribution patterns (Ko-
rovchinsky, 2006; Forro ef al., 2008). Because most of the
world’s extant animal taxa are Cenozoic or younger, and
because older lineages can be very informative in studying
pre-drift continental positions (Briggs, 2004), the ancient
origin of the Cladocera makes it a very useful group for
biogeography. The ancient origin has been illustrated by
living fossils with peculiar disjunctions, e.g. Pleuroxus
smirnovi Kotov, 2008 in the Chydoridae, which Kotov
(2008) revealed as an Australian-Central Asian connection.
Cladoceran antiquity has been confirmed using molecular
methods and the fossil record by Kotov and Taylor (2011),
who showed that the split of the Daphnia subgenera dates
back to the Mesozoic. There are specialists in different
cladoceran lineages and dispersal is mainly limited to fresh-
water, which are important conditions for assessing a
group’s biogeographical value (Schram, 2008). However,
one of the main obstacles in biogeographical studies of
cladocerans is the lack of close morphological and taxo-
nomical investigation as a first step for any further analysis
(Kotov, 2008).

The most speciose family, the Chydoridae, is a good
example in the Cladocera, where regional endemism, in-
tercontinental divergence and disjunctions have been tra-
ditionally studied and an ancient — Palacozoic — origin has
been suggested based on biogeography combined with
morphological divergence (non-cosmopolitanism; Frey,
1986, 1987) and later confirmed by molecular analysis
(Sacherova and Hebert, 2003). In the absence of an ex-
tensive fossil record, the study of historical biogeography
and phylogenetic relationships based on the phenotype or
the genotype or a combination of both, has become one
of the few ways to approach cladoceran evolution and di-
vergence. Disjunctions in the Cladocera are quite com-
mon, yet they do not necessarily reflect ancient origins,
as the dispersal strategies, as well as the age of origin dif-
fer strongly between the cladoceran lineages. As all
Cladocera of the Order Anomopoda, the Chydoridae are
predominantly restricted to freshwater (but not all). In
contrast to ostracods and copepods, Cladocera derive
from freshwater ancestors. Anomopoda disperse in the
form of dormant embryos encased in ephippia. In fact,
ephippia are a main character of the Anomopoda, the
largest order within the Cladocera (Fryer, 1987). Clado-
ceran ephippia contain an embryo in the gastrula stage
and the structure can survive unfavourable conditions (pe-
riods of drought or cold), can be transported by wind
(Céceres and Soluk, 2002), birds (Proctor, 1964;
Figuerola and Green, 2002), mammals (Allen, 2007) and
insects (van de Meutter et al., 2008) and form resident egg
banks (e.g. Brendonck and De Meester, 2003; Vandeker-



Tropical Amphi-Pacific disjunctions in the Cladocera 213

ckhove et al., 2005a). Chydorids are especially adapted
to survive in shallow tropical ephemeral systems such as
short-lived pools and marshes, where the dormant com-
munity holds a significant diversity that can revive, or be
hatched, after dessication (Van Damme and Dumont,
2010). The vacuolate, floating ephippia of the Daphniidae
lend themselves to long-distance dispersal (van de Meut-
ter et al., 2008), more so than the compact ephippia of the
Chydoridae, which are comparably less mobile as a single
unit (Fryer, 1972; Frey, 1987). The ephippia of the Chy-
doridae, the Macrothricidae and the Acantholeberidae are
strongly attached to plants and the substrate when shedded
(Scourfield, 1902), aimed at forming resident dormant
populations and less adapted for long-distance dispersal
(Fryer, 1972). The most likely way for these benthic
species to migrate is through passive dispersal of the
ephippia by larger animal vectors (e.g. with clumps of
mud or plant material). Because of the above differences
in strategies and of course a wide range of ages between
lineages, old vicariant as well as recent (long-distance dis-
persal) disjunct scenarios are found in the Cladocera
(Frey, 1987; Adamowicz et al., 2009; Kotov and Taylor,
2011). Temperate Old World-New World disjunctions
such as Beringian/Atlantic distributions, between the
Nearctic and the Palaearctic, can be the result of ancient
connections (e.g. Chydoridae; Frey, 1987) or more recent
expansions (Quaternary; e.g. Bosmina Baird, 1845; Kotov
et al., 2009; Chydorus Leach, 1816) and even of very re-
cent human introductions (e.g. in Daphnia O.F. Miiller,
1785; Havel and Medley, 2006: Crease et al., 2012).
However, tropical Old World-New World disjunctions in
Cladocera are not well known. This can be attributed for
a great deal to our limited knowledge in Africa (Van
Damme et al., 2013a) and because of a huge gap in mo-
lecular data in the non-planktonic Cladocera. As most of
the molecular and current biogeographical research con-
centrates on Daphnia (Adamowicz et al., 2009), a genus
which is poorly represented in the tropics when compared
to temperate regions (Dumont, 1994), the majority of the
Cladocera, which have a large diversity in the tropics
(Forr¢ et al., 2008), is ignored. In fact, tropical non-plank-
tonic cladoceran biogeography is only approached by
studies on the phenotype (Frey, 1986, 1987). As the group
is ancient, a vicariant Gondwana scenario as well as recent
dispersal scenarios can be found within different lineages
of the same genus and recent long-distance dispersal is
not uncommon (Daphnia; Adamowicz et al., 2009). Anti-
tropical disjunctions, between the northern and the south-
ern hemispheres, are thought to reflect an ancient origin
(Forro et al., 2008), although temperate elements could
theoretically penetrate into the tropics through higher al-
titudes using sky archipelagoes as cold-water corridors
(Van Damme and Eggermont, 2011) or by human intro-
ductions. Tropical Amphi-Pacific and trans-Pacific dis-

junctions in the Cladocera have never been given close
attention, despite their biogeographical potential.

The genus Leydigiopsis Sars, 1901 as a case study in
Cladocera biogeography

One genus, Leydigiopsis Sars, 1901, could become the
first case study of a chydorid with a tropical Amphi-Pa-
cific disjunction. During a zooplankton training course at
Ghent University (Belgium) in 1996, organised for the
cladoceran part by Prof. Em. Dr. H.J. Dumont and col-
leagues (Prof. N.N. Smirnov and Dr. N.M. Korovchin-
sky), this peculiar chydorid was told to have been first
found in a sample from Indochina by Prof. Dr. L. Sanoa-
muang (1998), from a locality in North Eastern Thailand
(Kalasin province). The record was published in one of
the first comprehensive cladoceran species accounts for
the country (Sanoamuang, 1998). Only a single specimen
was initially found, yet with the increase of sampling and
identification efforts in the region (Sinev and Kotov,
2012), the presence of a Leydigiopsis in the Oriental Re-
gion, could be confirmed by additional records in Thai-
land (Maiphae et al., 2005, 2008), Laos (Kotov et al.,
2013), Vietnam (Sinev and Korovchinsky, 2013; this
study), Cambodia (Tanaka and Ohtaka, 2010) and even in
Assam (NE India; Sharma and Sharma, 2007, 2012; as
Leydigiopsis curvirostris Sars, 1901). It remained unclear
whether these records belong to a Neotropical exotic
species, introduced by man, or a valid, yet undescribed
SE Asian/Oriental species (Maiphae ef al., 2008). As part
of sampling campaigns in the South of Thailand in col-
laboration with Dr. S. Maiphae and P. Sa-ardrit (Prince of
Songkla University, Thailand), KVD collected this Ley-
digiopsis in Natam swamp, providing the Thai specimens
for this study. The latter is a diverse locality in Trang
province, South Western Thailand, where also other new
chydorids were found, belonging to the genera Notoalona
Rajapaksa et Fernando, 1987 and Karualona Dumont et
Silva-Briano, 2000 (Van Damme et al., 2013b). The Viet-
namese specimens were collected by AY'S in Cat Tien Na-
tional Park, Vietnam (Sinev and Korovchinsky, 2013).

The finding of a Leydigiopsis Sars, 1901 in SE Asia
is truly remarkable, as this is a typical Neotropical genus.
From the above, it is clear that disjunct distributions be-
tween New Zealand/Australia and South America in the
small freshwater invertebrates occur and might be more
common than we think, yet a SE Asian-South American
disjunction seems very unusual. Leydigiopsis was first de-
scribed by Sars (1901) from Brazil and had been consid-
ered an endemic genus of the Neotropics, until the
discovery by Sanoamuang (1998). Leydigiopsis counts
four widely accepted and relatively closely related species
(Smirnov, 1971; Sinev, 2004b), several of which can be
sympatric (Van Damme and Dumont, 2010). The mor-
phology of L. brevirostris Brehm, 1938 was recently re-



214 K. Van Damme and A.Y. Sinev

vised by Valdivia Villar (1984), as well as that of L. curvi-
rostris Sars, 1901 and L. megalops Sars, 1901 by Sinev
(2004b) and the remaining L. ornata Daday, 1905 is re-
vised in the current study, together with the unknown
Asian populations. The presence of a Leydigiopsis in In-
dochina could be an indication of an ancient connection
(Maiphae ef al., 2008), but it could just be a human intro-
duction as well. A revision of these populations was lack-
ing. The genus has a conspicuous phenotype and in
general appearance it can hardly be mistaken for another
chydorid, save perhaps by the untrained observer with
Leydigia Kurz, 1875, Parvalona Van Damme, Kotov et
Dumont, 2005 or species of the Alona quadrangularis
(O.F. Miiller, 1776)-complex, to which it parallels in mor-
phology because of similar littoral/benthic feeding habits
(Van Damme et al., 2005; Van Damme and Dumont,
2010). Though similar in appearance to the latter taxa, this
is a result of convergence of the chydorid benthic model
with a laterally flattened body, increased exopodite sur-
faces and well developed spines (Fryer, 1968; Kotov,
2000). Leydigiopsis is no doubt a benthic specialist, con-
firmed by its morphology as well as by live observations
(Sars, 1901; Van Damme and Dumont, 2010). A more de-
tailed look at the morphology of Leydigiopsis and in par-
ticular at its limb characters, has revealed that it is actually
closer to the genera Euryalona Sars, 1901 and Treto-
cephala Frey, 1965, which might have separated relatively
early from the main trend in the Aloninae (Sinev, 2004b;
Van Damme ef al., 2013b) and is related closest of all to
a monotypic sister genus in Australia, Miralona Sinev,
2004 (Sinev, 2004a). In Southern Thailand, Leydigiopsis
appears to be one of the paludal species, very rare and re-
stricted to swamps, which are relict habitats in SE Asia
with an ancient history, harbouring an underestimated di-
versity among the Cladocera (Van Damme et al., 2013b).

Purpose of this study

In the following, we describe the morphology of the
SE Asian/Oriental Leydigiopsis sp. and we explore
whether this is an exotic Neotropical species or a species
in its own right. We provide a redescription on the
Neotropical L. ornata, its closest relative. We discuss the
possibility of tropical Amphi-Pacific disjunctions in the
Cladocera listing known examples, and we compare dis-
junctions and biogeographical scenarios in order to inves-
tigate the distribution pattern that we observe in
Leydigiopsis.

METHODS

In Vietnam, samples were collected with a standard
plankton net and dip net and preserved in 75% ethanol or
3% formaldehyde. Animals were selected from the sample
under a binocular stereoscopic microscope MBI-10 placed

on slides (in a drop of a glycerol-ethanol mixture), and
studied under Olympus compound microscopes CX-41
and CX-51 (Olympus, Tokyo, Japan). Dissections were
conducted by electrolytically sharpened tungsten needles.
Measurements were conducted using an eyepiece-mi-
crometer. Drawings were made by means of a drawing
tube or camera lucida.

RESULTS
Taxonomic account
Family Chydoridae Dybowski et Grochowski, 1894

Subfamily Aloninae Dybowski et Grochowski, 1894
emend. Frey, 1967

Genus Leydigiopsis Sars, 1901

Type species: Leydigiopsis curvirostris Sars, 1901
(Brazil). Leydigiopsis pulchra n. sp.

Leydigiella indica Daday (nomen nudum) in E. von
Daday, unpublished manuscript. Leydigiopsis sp.: Sanoa-
muang (1998); Maiphae et al. (2008); Korovchinsky
(2013); Kotov et al. (2013); Van Damme et al. (2013b);
Sinev and Korovchinsky (2013). Leydigiopsis curvi-
rostris: Sharma and Sharma (2007). Leydigionopsis sp.:
Tanaka and Ohtaka (2010).

Etymology: the epithet pulchra, meaning beautiful
(feminine form), is a reference to this fair species. At the
same time, we dedicate this new taxon to Prof. Dr. L.
Sanoamuang (Maha Sarakham University, Thailand), the
first to have discovered this species in 1996 (Sanoamuang,
1998) and whose contributions to the Thai zooplankton
studies — and therefore, to limnology in SE Asia — have
been remarkable. Prof. Dr Sanoamuang’s first name, La-
orsri, originally means the same as the Latin word pul-
chra: beautiful girl, fair lady. It is the second chydorid
recently dedicated to Prof. Dr. Sanoamuang, after An-
thalona sanoamuangae (Sinev and Kotov, 2012).

Type locality: Natam swamp, Trang province, western
coast of southern Thailand, coordinates 07°37.029°N,
99°33.628’E (Van Damme et al., 2013b).

Type material: THAILAND. We examined fifteen
adult parthenogenetic females. All material deposited at
the Princess Maha Chakri Sirindhorn Natural History Mu-
seum (PSUNHM), Faculty of Science, Prince of Songkla
University, Thailand. HOLOTYPE: an adult partheno-
genetic female in a sealed 70% ethanol with glycerol tube
from Natam swamp, Trang province, western coast of
southern  Thailand,  coordinates  07°37.029’N,
99°33.628’E, Coll. by K. Van Damme, S. Maiphae and P.
Sa-ardrit, 9.IV.2000. Accession number PSUZC-PK1004-
01, labeled as Leydigiopsis pulchra sp.nov., one partheno-
genetic female from Natam swamp, Trang province,
South Thailand HOLOTYPE. PARATYPES: five com-
plete adult parthenogenetic females, same data as holo-
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type, in a tube with 70% ethanol and glycerol. Accession
number PSUZC-P1004-02.

Additional material: additional specimens from Thai-
land are deposited under the latter accession number
(PSUZC-P1004-20). VIETNAM. Over 40 partheno-
genetic females from a small forest lake near Bau Sau
lake, Cat Tien National Park, Dong Nai province,
11°27.178°N, 107°20.328’E, 05.2009, coll. by A.Y. Sinev,
three parthenogenetic from the same location, 10.1V.2009,
by A.Y. Sinev, in the personal collection (AYS) at
Moscow State University.

Description of the adult parthenogenetic females -
Thai specimens (Figs. 1-4)

Habitus (Fig. 1A). Length, 0.65-0.72 mm, average
0.68 mm (n=10, adults). Colour in life, reddish to dark
brown. Body 1.45 times as long as high, height ca. 0.5
mm. Body shape ovoid in lateral view, strongly bilaterally
flattened in dorsal view, with strongly convex posterior
margin and no clear posterodorsal corner; the latter rela-
tively high (Fig. 1A). Dorsum evenly convex, maximum
height of body at the middle (Fig. 1A). No dorsal keel.

100pm
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Fig. 1. Leydigiopsis pulchra n. sp., adult parthenogenetic female from Natam swamp, Trang province, Southern Thailand, coll. April
2000 by K. Van Damme, S. Maiphae and P. Sa-ardrit. A) Habitus, lateral view; B) postabdomen, lateral view; C) terminal claw; D)
basal spine on terminal claw (pecten and basal spinules omitted; arrow indicates small basal spine).
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Ventral carapace margin is straight. The posteroventral
corner of the valves (Fig. 1A) is broadly rounded, not dis-
tinct and with fine spiniform setules not arranged in clus-
ters (Figs. 1A and 2H). Ornamentation see under
Carapace.

Head. The head is low and with a very clear prolonged
rostrum (Fig. 1A). The rostrum is curved inwards and is
at least 2.0-2.5 times as long as the antennules (without
aesthetascs; it also reaches beyond the length of the aes-
thetascs). Ocellus and eye of similar size, ocellus some-
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times just smaller (Fig. 1A). In dorsal view, (Fig. 2B) the
rostrum takes up about one sixth of the headshield (from
apex of rostrum to posterior margin). The lateral margins
of the headshield (Fig. 2B) are straight, the posterior por-
tion (beyond connection with the mandibles) is about a
third of the total length of the headshield. Posterior margin
broadly blunt (Fig. 2B). Head pores (Fig. 2C) as for the
genus, a wide slit with sclerotised margins. Small lateral
pores about equidistant between midline and margins (not
visible in Fig. 2B, but they are present — see also in Fig.
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Fig. 2. Leydigiopsis pulchra n. sp., adult parthenogenetic female from Natam swamp, Trang province, Southern Thailand, coll. April 2000
by K. Van Damme, S. Maiphae and P. Sa-ardrit. A) Labral keel, lateral view; B) headshield, dorsal view; C) headshield, posterior portion,
showing main headpore and fine striation (small pores not shown); D) second antenna; E) idem, exopod spine on first segment; F) first an-
tenna, accessory seta and projection; G) first antenna (arrow on projection); H) posteroventral valve corner. en, exopod; ex, exopod.
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SF). Main head pores close to the head shield margin,
about once or just less than once the distance between the
two main head pores.

Carapace. No wide striation or hexagons, just very
dense fine striation pattern, on carapace (Fig. 1A) as well
as headshield (Fig. 2C). Marginal setae about 85 (Fig.
1A), in three distinct groups, first one on frontal margin
continuing along anterior ventral margin and reaching to
about one sixth of the margin, these setae relatively long,
followed by the median group, that reaches to about two
thirds of the ventral margin, all these setae short, about
half to a third of the previous group. Final, posterior,
group of setae about one third of the margin, longest
(longer than anterior group) and decreasing gradually in
size towards the posteroventral corner (which is not de-
fined, and no notch present). Beyond the last setae, con-
tinuous row of spinules/spiniform setae, continuing in a
wide curve towards the posterodorsal corner.

Labrum (Fig. 2A) rather short (Fig. 1A) and with a rel-
atively straight margin of the keel. rather short and round.
Ventrally rather angular, but not with a sharp tip. Small
lip with gently protruding tip can be present (Fig. 1A) as
for the genus, but it is not strongly pronounced.

Antennules (Fig. 2F and 2G). Not reaching apex of
rostrum. About two times as long as wide (but mostly
shorter, about 1.8 times as long as wide in Fig. 2G). Lower
half wide and rectangular, distal half narrowing (Fig. 2G).
No setules on the corm observed under light microscopy
(but could be present). Sensory seta implanted about
halfway from the apex, on a clear strong projection (Fig.
2G). Aesthetascs, six terminal and three subapical/lateral
aesthetascs. One (lowest) aesthetasc always curved. Three
subapical aesthetascs relatively longer, the five apical aes-
thetascs of similar size.

Second antennae (Figs. 1A and 2D) with exopodite
longer than endopodite (by about half the length of the ul-
timate exopod segment). Spinal formula (en/ex) 001/101,
setal formula 113/003. Basal segment of the antennae with
a tuft of very long setules (Fig. 1A). The first endopodite
seta thick and spiniform, reaching beyond the ultimate
segment of the endopod (Fig. 2D), the second endopodite
seta also spiniform and thick, and longer than the length
of complete endopodite. First exopodite spine long, be-
tween just over half (Fig. 2E) to just shorter than the sec-
ond exopodite segment (Fig. 2D). Terminal (apical) spines
on both antennal branches are strongly developed, long,
more than the segments on which they are implanted (Fig.
2D). Both are of similar lengths. The terminal setae all
long, one terminal endopodite seta thicker than the others
and longer (Figs. 1A and 2D).

Postabdomen (Fig. 1B-D) short and wide, deepest
around the middle of the postanal portion. Length about
2-2.5 times as long as wide. Deep incision in distal por-
tion, just under the terminal claw (Fig. 1B and 1C) (the

gap is clearly closed). Ventral margin (up in Fig. 1B) gen-
tly convex, dorsal margin straight, to weakly convex,
length about three times the anal margin. The anal margin
itself is very short and deeply concave, with well de-
marked preanal and postanal corners, but not protruding
or projecting. Postabdominal armature. The postanal mar-
gin has strong singular teeth, not grouped, and very well
developed, that go all the way up to the ventralmost point
of the distal margin (just below the terminal claw base that
is). The postanal margin counts about 24 large teeth (Fig.
1B). Distal teeth longest, not curved, gradually decreasing
to about half the size towards the anal margin. Lateral fas-
cicles form an almost continuous row, each group consist-
ing of about three strong, short stout teeth. Within each
group, the distalmost denticle is not strongly enlarged
(therefore it is hard to separate the groups that are close;
Fig. 1B) and the groups consist of more teeth (more than
five) near the anal margin. The lateral fascicles or teeth
do not reach beyond the postanal margin. In total, about
13-14 lateral groups (lateral fascicles), or about 50 spines
in total. No marginal teeth on the anal margin, and lateral
fascicles appear almost as one row of fine setules (in fact,
3-4 groups). On the ventral portion of the postabdomen,
there are a few small rows of denticles. Near the basis of
the terminal claw there is a strong distal (ventral) sclero-
tisation. Terminal claw (Fig. 1B-D). Longer than the anal
margin (about 1.75 times as long) and quite straight. Prox-
imal and distal dorsal pectens different, setules in proxi-
mal pecten twice as long as in distal pecten (Fig. 1C).
There is a minute basal spine present, with basal spinules
(Fig. 1C). When seen without setules, it is about four
times smaller than the claw thickness at the base (Fig. 1D)
and situated at some distance from the base of the claw.

First maxilla not studied.

First limb (Fig. 3A-D). Epipodite short, kidney-
shaped (Fig. 3A). First endite with two long apical setae
(Fig. 3A) and one long anterior seta at the division be-
tween the first and the second endites (shown black in Fig.
3A). On the second endite, three setae, with two distinctly
longer and a third of about half this length and two small
anterior elements at its basis; a sensilla-like seta that is
long, naked and blunt, was missed here during description
and is shown in Fig. SM for the Vietnamese population.
The third endite with four typical setae of similar lengths.
Outer distal lobe with long fine seta, serrulated in the dis-
tal half (Fig. 3B) and with a peculiar projection with basal
long setules near its basis (Fig. 3C). The outer distal lobe
(ODL) has a minute projection (reduced seta?) near the
basis of the ODL seta (Fig. 3C). The inner distal lobe
(IDL) (Fig. 3B and 3D) has three setae of which two
longer (not as long as IDL seta), of scraper-like morphol-
ogy, unilaterally armed with strong setules in their distal
halves. The third (smallest) seta is about half the size of
the smallest scraper-like setae, and has no armature (at
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least not seen under light microscope). Ejector hooks slen-
der (not shown in figures). Anterior row of setules not
continuous but four groups of 3-4 setules in the proximal
margin (Fig. 3A, long setules down on right side; limb is
shown upside down), and then singular setules in distal
part (Fig. 3A). Gnathobase not studied.

Second limb (Fig. 3E and 3F). Exopodite long and
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without a seta, instead with long setules towards and on
the apex. Endites with eight scrapers, of which the first is
conspicuously long, about 1.3 times longer than the sec-
ond scraper; from the third scraper towards the
gnathobase, their lengths gradually decrease, but the last
two scrapers of similar sizes (Fig. 3E). No elements seen
on the secondary row (no reduced setae observed, only

Fig. 3. Leydigiopsis pulchra n. sp., adult parthenogenetic female from Natam swamp, Trang province, Southern Thailand, coll. April
2000 by K. Van Damme, S. Maiphae and P. Sa-ardrit. A) First limb (ejector hooks not shown; a-c indicate the anterior elements on en-
dites); B) idem, ODL and IDL; C) idem, basis ODL (arrow indicates element basal to ODL seta); D) IDL setae; E) second limb (without
filter comb; 1-8 indicate numbers for scrapers); F) idem, gnathobase; G) third limb (numbers 1-7 refer to the exopodite setae); H) idem,
endites (numbers refer to inner and outer endite setae); 1) idem, outer portion (outer endite setac numbered 1°°-4"); J) idem, gnathobase;

K) idem, setae inner portion (inner endite setae numbered 17-4”). en, endopodite; ODL, outer distal lobe; IDL, inner distal lobe; ex, ex-
opodite; gn, gnathobase; s, sensillum; fc, filter comb; ep, epipodite.
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the scales). Gnathobase with a setulated tuft and a sensil-
lum, followed by three elements on an elevated basis and
seven gnathobasic setae in the filter plate, of which the
first two just a little shorter than the following ones (but
just shorter by a tenth, not more).

Third limb (Fig. 3G-K). Epipodite elongated, oval and
without projections; exopodite (Fig. 3G) with rectangular
to quadrangular corm and setae in 2+5 arrangement. The
first seta is very long and thick, and bent, and 1.5 times
the length of the second seta (in V-arrangement). The third
exopodite seta is almost three times (2.8 times in Fig. 3G)
the length of the second, fourth and fifth setae short and
rather conical, sixth and seventh fine and long, about half
the thickness of the previous setae (Fig. 3G); the latter
setae are of similar lengths (seventh just shorter) and
about five times as long as the short conical setae (fourth
and fifth). All setae plumose except for last two, which
are armed with fine short setules in their distal halves. En-
dites (Fig. 3H-K): three setae on external endite (1°-3’;
Fig. 3H), of which first two rather slender, long and
curved, setulated in distal halves, and reduced, small ele-
ments between them (three elements). Four plumose setae
(17-4” in Fig. 3K) on the inner side and internal endite
with four shorter setae with small setules in distal halves
(1"’-4°> in Fig. 31) and one small naked element (Fig. 31,
small naked element on the left). The gnathobase (Fig. 3J)
has a long bottle-like sensillum, a long, bent seta with a
shorter blunt seta near its basis that it is just less than twice
the length of the former (also seen in Fig. 3H). Gnathoba-
sic filter comb with seven well developed long setae, of
which the first is just shorter (Fig. 3H).

Fourth limb (Fig. 4A and 4B). Epipodite rounded rec-
tangular, with a small fingerlike projection (not reaching
the centre; Fig. 4B). Exopodite quite rectangular, with six
setae. First two setae of similar lengths and as long as the
fourth, third longer (1.3 times as long as fourth). Third to
sixth actually gradually decreasing in size, where the fifth
and the sixth setae are very thin (half the thickness of pre-
vious setae). The last seta (sixth) is about a third in length
of the third seta (Fig. 4B). First two setae widely plumose,
third and fourth setae with shorter setules (longer in basal
half), fifth and sixth setae thin and with very short setules
in distal halves. Endite with four marginal setae (1°-4’) of
which the first with plump basis and relatively narrow dis-
tal part with minute setules (unilateral setulation), fol-
lowed by three flaming torch setae which are long but
with typically thicker basis (2°-4” in Fig. 4A) and followed
by an elongate receptor. On the inner side, three well de-
veloped plumose setae (Fig. 4A). Gnathobase as for
genus, with bent seta and basal naked element, and five
long filter setae (not shown).

Fifth limb (Fig. 4C). Pre-epipodite with two tufts of
setules (small incision in middle), epipodite small and
completely round, without projection. First three setae

long and decreasing gradually in size, fourth seta more
slender and shorter. First three setae plumose, last seta
with short setules, strongly convex margin between third
and fourth setae. Inner lobe broadly diamond-shaped and
with apical setules, followed by two inner setae (1°-2)
and two inner elements, of which the second minute (Fig.
4C). No filter comb.

Sixth limb. Absent.

Male and Ephippial female: unknown.

Note on the Vietnamese specimens of L. pulchra n. sp.
(Fig. 5)

Populations of L. pulchra n. sp. from Vietnam (Fig. 5),
correspond to the same species as the Thai population, but
small differences can be noted. The material is now too lim-
ited to make a decision whether this is variability (no males
for example), and we consider this for now as one species.
The habitus is similar in size and the animal has the same
long rostrum (Fig. SA-C), which is tapering distally in dor-
sal view and relatively narrow (Fig. 5D and 5E). In females
of the first juvenile instar the length was 0.50-0.53 and
height 0.30-0.33 mm (N=6); in females of second juvenile
instar length was 0.62-0.63 and height 0.39 mm (N=3). In
adult females (Fig. 5A-C) length was 0.70-0.75 and height
0.45-0.49 mm (N=11). Ocellus and eye are of the same size
of each other, yet smaller than in the Thai population. The
rostrum is 2.5 times as long as the first antenna (Fig. 5B),
and the body 1.55-1.6 times as long as it is high (Fig. 5A).
Ventral valve setac up to 80 in total. The headshield is
largely as in Thai population, yet somewhat more narrow
(Fig. 5D and 5E). Headpores with one long narrow slit with
chitinised margin and two adjacent small pores, close to the
midline (Fig. 5F). The first antennal endopod seta is rela-
tively shorter than in the Thai population, in the Vietnamese
specimens it is not reaching over the last segment of the en-
dopod (Fig. 5B and 5C). Postabdomen (Fig. 51 and 5J) with
postanal portion about three times the anal portion and with
about 19-20 marginal teeth in the postanal portion, the dis-
talmost slightly longer (but not two to three times longer
than the median teeth). Anal margin not as deeply concave
as in the Thai specimens (Fig. 51 and 5J). Dorsal distal por-
tion might protrude a bit (Fig. 5J) and the ventral margin
can be slightly convex. Labral keel triangular (Fig. 5G and
SH) with small indentation possible near the tip (Fig. 5G)
and no setulation observed. First maxilla with two well de-
veloped thick setae with setules in distal halves and tuft of
setules at the base (Fig. 5K). First limb similar (ejector
hooks different in length; Fig. 5N). On the anterior side of
first limb, on the second endite, there is a long anterior blunt
sensilla-like seta (Fig. SM, arrow) that was overlooked in
the Thai population during description.

Distribution and biology: Leydigiopsis pulchra n. sp.
is known from Northeastern India (Assam; Sharma and
Sharma, 2007, 2012) and Indochina, where it has been re-
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ported from Cambodia (Tanaka and Ohtaka, 2010), Laos
(Kotov et al., 2013), Thailand (Sanoamuang, 1998;
Maiphae et al., 2008), Myanmar (unpublished note by E.
von Daday) and Vietnam (Sinev and Korovchinsky,
2013). In SE Asia, the species has not been reported from
Sundaland or Wallacea. It is unknown from southern India
(e.g. Kerala, Western ghats) (Chatterjee et al., 2013). We
predict that more records will appear in the region now
that the species is formally described and that it can be
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recognised. It is currently considered as a single taxon,
but regarding the wide range of L. pulchra n. sp. and the
fragmentation of its habitat, more than one species could
be expected. We noted small differences between the
Southern Thai and the Vietnamese populations, which
might indicate speciation. The Assam records (Sharma
and Sharma, 2007, 2012) fall under the general external
morphology for this species, yet remain unrevised. Found
in shallow swamps, such as Natam swamp in Trang
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Fig. 4. Leydigiopsis pulchra n. sp., adult parthenogenetic female from Natam swamp, Trang province, Southern Thailand, coll. April
2000 by K. Van Damme, S. Maiphae and P. Sa-ardrit. A) Fourth limb, endite (flaming torch setae 1°-4’, inner setae 17-3”); B) fourth
limb, exopodite (setae numbered 1-6); C) fifth limb (exopodite setae numbered 1-4; inner portion setae numbered 1°-2°; arrow points
at element/setae with unclear homology, same for question mark; both are gnathobasic elements). s, sensillum; ep, epipodite; ex, ex-

opodite; pep, pre-epipodite; il, inner lobe.
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province (Van Damme ef al., 2013b). In Vietnam, L. pul-
chra n. sp. was found in a relatively shallow forest pond
bordered with swamps, in humic water. The bottom of the
pond was covered by dead leaves and was covered by
Salvinia Séguier, 1785 on the surface; for details on the
habitat and the cladoceran community, see Sinev and Ko-
rovchinsky (2013).

Differential diagnosis: Leydigiopsis pulchra n. sp. is
easily recognised from all other species in the genus by

the short postanal portion and the short distal marginal
teeth on the postabdomen, and by the labral plate with
blunt apex. The rostrum is long, 2-2.5 times as long as the
first antenna (longer than in L. brevirostris and L. ornata)
but shorter than in L. curvirostris.

Note on the Indian Leydigiopsis populations

In the illustrations, Sharma and Sharma (2007) depict
Leydigiopsis curvirostris specimens as having a very long

A-E, 0.1 mm

Fig. 5. Leydigiopsis pulchra n. sp. from a small forest lake near Bau Sau lake, Cat Tien National park, Dong Nai province, Vietnam,
coll. May 2009 by A.Y. Sinev. A, B) Juvenile female; C-M) adult parthenogenetic female. A) instar I, outline; B) instar II, habitus; C)
habitus; D, E) headshield; F) headpores; G, H) labral keel; I, J) postabdomen; K) first maxilla; L) first limb, distal setae of endites 1-3;
M) idem, second endite, additional anterior blunt seta (arrow); N) ejector hooks.
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rostrum. Photographs in a later publication by the same
authors (Sharma and Sharma, 2012) from the same pop-
ulation, clearly show a shorter rostrum. Both in the draw-
ings and in the photographs of this animal, Sharma and
Sharma (2007, 2012) show a postabdomen with short
marginal spines, which to us confirms that this is similar
to the Indochina populations of L. pulchra n. sp. As we
noted for the Vietnamese vs Thai population, differences
may be present, therefore we do not exclude potential
cryptic speciation, especially considering that these might
be relict populations in a strongly fragmented habitat.

On Leydigiella indica Daday (nomen nudum)

During the revision of this paper, A.A. Kotov re-
marked that E. von Daday, in an unpublished manuscript
on India in the early 20" century, aimed to describe Ley-
digiella indica Daday, yet he died before he could com-
plete his paper. Indeed, a specimen of Daday’s taxon is
kept at the Hungarian Natural History Museum and cor-
responds to Leydigiopsis. According to the latter authors,
the origin of the specimen is India or, lac. Kawkareik,
Tenasserim (D XVII-72; 1I/P-722). Kawkareik is the cap-
ital of Kawkareik district, Kayin State (the Kawkareik
pass goes through the Tenasserim hills in southern Myan-
mar). By 1824 a small part of Burma, and by 1886 two
thirds of Burma were part of British India, which lasted
until 1937. So, during the time of Daday, who published
between 1883 and 1911, Kayin State in Myanmar, was
considered a part of British India. Kawkareik is adjacent
to northern Thailand, relatively close to the border.
Daday’s Leydigiella indica is a nomen nudum and has
therefore no priority, yet Daday’s record can be consid-
ered as the first of L. pulchra n. sp. in the region. The
record falls within the expected distribution range of this
species in South East (SE) Asia.

Redescription of Leydigiopsis ornata Daday, 1905
Specimens examined

Twenty-six parthenogenetic and juvenile female from
Charco 6, Jonuta-Villahermosa, Tabasco state, Mexico, N
17°58.766°, W 92°14.150’, coll. by Alexey A. Kotov, from
personal collection of A. A. Kotov, AAK 2001-036, A.N.
Severtsov Institute of Ecology and Evolution. This Mexi-
can population, serving for a basic redescription here, was
earlier mentioned in Elias-Gutiérrez et al. (2006).

Adult parthenogenetic females (Figs. 6-8)

Habitus (Fig. 6A-C). In females of the first juvenile in-
star, length was 0.43-0.45 and height 0.27-0.30 mm (n=3);
in females of second juvenile instar, length was 0.51-0.60
and height 0.33-0.34 mm (n=8). In adult females length
0.63-0.73 and height 0.46-0.51 mm. Colour in life, brown-

ish. Body 1.65 times as long as high. Body shape ovoid in
lateral view and bilaterally flattened in dorsal view and no
dorsal keel, as for the genus. Dorsum quite convex, maxi-
mum height of body at the middle (Fig. 6A) and the ventral
valve margin not completely straight, but with deeper point
just anterior of the middle (Fig. 6A). The posteroventral
corner of the valves (Fig. 6C) is broadly rounded, but with
a clear notch (Fig. 6C). Ornamentation is a very fine stria-
tion, see also below under carapace.

Head. Rostrum about two times as long as the anten-
nule, not more (Fig. 6C) and gently curved inwards. Ocel-
lus just smaller than the eye, and situated at about 1.3
times as far from the rostral apex as from the eye (Fig.
6C). The headshield is about two times as long as wide
and the rostrum is about a fifth of the total headshield
length. Posterior margin rounded (Fig. 6F). Head pores
(Fig. 6F and 6G) as for the genus, this long pore about
five times as long as wide and with small pores very close
to it (Fig. 6G). The main head pore is about two times as
far from the posterior headshield margin as the length of
the pore itself.

Carapace. Marginal setae more than 100 (Fig. 6D), in
four distinct groups (one anterior short group, one long
anteroventral group, one short anteroventral group near
the middle and one long medioventral to posterior group,
which is more continuous and where setae decrease in size
posteriorly). As mentioned above, a notch at the pos-
teroventral corner is clearly present (Fig. 6D).

Postabdomen (Figs. 61 and 6J) quite long, deepest in
the distal half of the postanal portion. At least 2.5 times
as long as wide. Incision in distal portion, just under the
terminal claw, is moderate (Fig. 6J). Ventral margin gently
(Fig. 6H) to strongly (Fig. 61) convex, dorsal postanal
margin quite straight, length more than three times (up to
3.5 times) the anal margin. The anal margin itself is very
short and deeply concave, almost semi-circular, with well
demarked corners, of which preanal corner projects just
slightly. Postabdominal armature. As in previous species,
but distal marginal teeth conspicuously larger than the
others (Fig. 61). The postanal margin counts about 17-18
large teeth (Fig. 6H and 61) and about four posterodistal
teeth (just below the claw base). Lateral fascicles in
groups of four-five well developed spines each, of which
the distalmost is clearly thicker. In the distal groups, these
spines reach beyond the dorsal margin (Fig. 6J). About 18
lateral fascicles in the postanal portion, continuing into
about four groups in the anal portion (Fig. 6H and 6I). The
anal margin lacks marginal teeth. Small rows of denticles
on lateral portion near ventral margin (Fig. 6H). Terminal
claw (Fig. 6]). As in previous species, longer than the anal
margin (about 1.73 times) and straight except for the tip.
Pectens (Fig. 6J) as in previous species. Basal spine very
small and merged from different spinules and therefore
impossible to distinguish (in fact, a merged group). The
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basal spine/spinules short (base of the claw is about 2.6
times as long as the basal spine), and situated at some dis-
tance from the basis, and there is a space between the start
of the proximal pecten and the basal spines.

Labrum (Fig. 7A-C) triangular, keel with relatively

straight margin (Fig. 7A and 7C), sometimes a bit angular
(Fig. 7B). The tip is rather acute and protruding (Fig. 7A-
C). No setulation.

Antennules (Fig. 8A). As in previous species, but the
sensory seta, implanted just above the middle of the an-
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Fig. 6. Leydigiopsis ornata Daday, 1905 from Charco 6, Jonuta-Villahermosa, Tabasco state, Mexico, coll. 11.01.1998 by Alexey A.
Kotov. A, B) Juvenile female; C-J) adult parthenogenetic female; A) instar I, outline; B) instar II, habitus; C) habitus; D) carapace
margin and setae; E) headshield; F) posterior margin of headshield, with headpores; G) headpores; H, I) postabdomen; J) terminal claw
and distal portion of postabdomen. Scale bars: 0.1 mm (A-F) and 0.05 mm (G, J).
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Fig. 7. Leydigiopsis ornata Daday, 1905, adult parthenogenetic females from Charco 6, Jonuta-Villahermosa, Tabasco state, Mexico,
coll. 11.01.1998 by Alexey A. Kotov. A-C) Labral keel; D) second antenna; E) first limb; F) idem, IDL and ODL (with numbering of
IDL setae 1-3); G) second limb (scrapers numbered 1-8); H) idem, exopodite and first three scrapers (first numbered); 1) third limb (ex-
opodite setae numbered 1-7); J) fourth limb (exopodite setaec numbered 1-6); K) fifth limb (exopodite setac numbered 1-4). end, endopod;
ex, exopod; ep, epipodite; IDL, inner distal lobe; ODL, outer distal lobeend, endopod; gn, gnathobase; fc, filter comb; pep, pre-epipodite;
il, inner lobe. Scale bar: 0.1 mm.
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tennule, is relatively short (the width of the antennular
corm at the point of implantation is about 1.6 times as
much). Three thicker subapical/lateral aesthetascs.
Second antennae (Fig. 7D) same as in the previous
species, but the first endopodite seta is short, little longer
than the middle segment of the endopodite and the termi-
nal (apical) spines on both the antennal branches are
shorter, only just longer than the terminal segments them-
selves. Exopodite clearly longer than the endopodite, by
about half the length of the last endopodite segment.
First maxilla (Fig. 8B) with three setae, of which two
thick and well developed, setulated in the terminal halves,
and a third, shorter by half, setulated from base to tip.
First limb (Fig. 7E and 7F). Epipodite round (Fig. 7E).
First endite (Fig. 8C) with the typical two long apical
setae, second endite with three setae of which two long.
There are two anterior elements where the bases of enl-
en2 meet (labeled s and « in Fig. 8C). The long blunt
naked seta (s) here is more than twice the length of basal
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anterior seta. The third endite has four setae and a sensil-
lum as well (the s on the left in Fig. 8C), and at the basis
of the joint of second and third endites, there is a small
anterior seta (b in Fig. 8C). Outer distal lobe (Fig. 7F) im-
planted with long setae around a hillock and a long seta.
The inner distal lobe (IDL) has two longer setae of similar
lengths (labeled as 2,3 in Fig. 7F) and one smaller seta,
half as long (/ in Fig. 7F). Ejector hooks of different sizes
(Fig. 7E). Anterior row with about 12 single setules, and
then in a distal cluster of setules Gnathobase not studied.

Second limb (Fig. 7G and 7H). Exopodite relatively
elongate (Fig. 7H), not reaching half the length of the first
scraper and with long setules instead of a seta. The endites
and gnathobase are as in the previous species (Fig. 7G).

Third limb (Fig. 71, 8D, 8E). As in the previous
species, but exopodite seta 1 is longer by about 2/3 the
length of seta 3. The endites (Fig. 8E and 8D) are as in
previous species. All sensillac could be seen for this
species (Fig. 8E).
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Fig. 8. Leydigiopsis ornata Daday, 1905, adult parthenogenetic females from Charco 6, Jonuta-Villahermosa, Tabasco state, Mexico,
coll. 11.01.1998 by Alexey A. Kotov. A) First antenna; B) first maxilla; C) first limb, distal portion with setae of endites 1-3 (elements
labelled a-b); D) third limb, endite setae (endite setac numbered 17-4”); E) idem, inner setae (labelled 1°-3”); F) fourth limb, endite
with flaming torch setae (1°-4’) and sensillae; G) idem, inner setae (1”-3”) on endite and filter comb. el-e3, endites 1-3; s, sensillum;

gn, gnathobase; fc, filter comb. Scale bars: 0.05 mm.
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Fourth limb (Figs. 7], 8F, 8G). Pre-epipodite and
epipodite round, the latter without projection. The limb
is the same as in previous species, but the exopodite
corm is less wide and the third and sixth exopodite setae
are relatively longer (but differences are minimal). In the
endites (Fig. 8F and 8G), small sensillae were observed
near the bases of flaming torch setae 2’ and 3’ (Fig. 8F).
The three inner setae and filter comb (Fig. 8G) are as in
previous species, although setae 2” and 3” are relatively
more slender.

Fifth limb (Fig. 7K). As in previous species, but the
exopodite corm is larger, and the margin between third
and fourth exopodite setae is more convex and expanded,
as for other species in the genus (Fig. 7K). No inner ele-
ments were found near the inner setae (1°-2”).

Sixth limb. Absent.

Differential diagnosis: the Neotropical L. ornata has
a rostrum of about two times as long as the antennule (the
rostrum is mostly longer in L. pulchra n. sp.) and it has a
relatively elongate postabdomen with a long postanal por-
tion, the total postabdomen length being about 2.5 times
as long as wide. It differs clearly from L. megalops in hav-
ing a normal ocellus and from L. curvirostris in the shorter
rostrum (Sinev, 2004a, 2004b; Van Damme and Dumont,
2010). The seta on the first endopodite segment of the sec-
ond antenna is barely longer than the second segment; in
L. pulchra n. sp. it reaches at least the end of the final en-

dopodite segment. Like all other South American species
of the genus, L. ornata has a labral plate with an acute tip,
while in L. pulchra n. sp. it is blunt and rounded.
Distribution and biology: the distribution of L. ornata
(and all other species of Leydigiopsis), is presented in Fig.
9 (see Discussion). Not much is known about its biology,
except that it seems to follow the same ecology and biology
that are typical for the genus, being mud-dwelling species
that can withstand highly ephemeric systems and dystrophic
conditions (Van Damme and Dumont, 2010). A previous
record of L. brevirostris from Tabasco state of Mexico
(Elias-Guttiérez et al., 2001) in fact belongs to L. ornata.

South American-Southeast Asian/Australian affinities
in the Cladocera

We list examples of all records in the Cladocera of
species and species groups where closest affinities are
found between the South American and the SE Asian rep-
resentatives of a lineage, including taxonomically unre-
vised records.

Taxonomically revised records
Alona dentifera (Sars, 1901) — Alona siamensis Sinev
et Sanoamuang, 2007 (Chydoridae)

A. dentifera is a Neotropical species that has recently
been revised, distributed from the South of the USA to

M Leydigiopsis curvirostris
% Leydigiopsis ornata
X Leydigiopsis megalops
*Leydigiopsis brevirostris
® Leydigiopsis pulchran.sp.
® Miralona victoriensis

Fig. 9. Distribution of the genus Leydigiopsis Sars, 1901. The genus counts four species in South America and one in Indochina and
Assam (India). The sister genus, Miralona, is included in the map (Australia). Distribution points for Miralona after Sinev (2004a) and
for the four Neotropical species after records by Sars (1901), Daday (1905), Brehm (1937), Valdivia Villar (1984), Rey and Vasquez
(19864, 1986b), Smirnov (1988), Zoppi de Roa and Vasquez (1991), Elias-Gutiérrez et al. (2001), Hollwedel ez al. (2003), Serafim et
al. (2003), Sinev (2004b), Elias-Guttiérez and Varela (2009), Giintzel et al. (2010), Van Damme and Dumont (2010), Rocha et al.
(2011), and Rocha Sousa and Elmoor-Loureiro (2013). For L. pulchra n. sp., records after Sanoamuang (1998), Sharma and Sharma
(2007, 2012), Maiphae et al. (2008), Tanaka and Ohtaka (2010), Kotov et al. (2013), and Sinev and Korovchinsky (2013).
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Argentina (Sinev ef al., 2004). Southeast Asian records of
A. dentifera have been assigned to the second species in
this small lineage, A. siamensis, hitherto found in Thai-
land and Malaysia only (Idris and Fernando, 1981; Sinev
and Sanoamuang, 2007). Both species form a small line-
age that is not of genus level but of species group level
and does not belong to Alona. It is a small group that is
much closer to (or part of?) Coronatella and still needs
formal separation (Van Damme and Dumont, 2008a). No
records of the 4. dentifera-type are known from other re-
gions than the Neotropics and SE Asia since 1901, even
though the external features are conspicuous [body shape,
the long basal spine on terminal claw and the denticle(s)
on the posteroventral corner]. Not much is known about
the ecology of these animals, except that they prefer shal-
low, vegetated water bodies and temporary pools (Sinev
et al., 2004; Sinev and Sanoamuang, 2007).

Alona yara Sinev et Elmoor-Loureiro, 2010 —
Alona kotovi Sinev, 2012 (Chydoridae)

A. kotovi Sinev, 2012 is a species of the A. quadran-
gularis group, recently described from Vietnam, with a
wider distribution in SE Asia and in the Oriental region
(Sinev, 2012). In the northern portion of East Asia, e.g. in
South Korea, closely related populations occur, yet fe-
males as well as males show distinct differences (K. Van
Damme, personal observation), so A. kotovi could be
more restricted in its distribution in Eastern Asia. In the
Palaearctic, it is replaced by true 4. quadrangularis.
Within the A. quadrangularis group of Alona, a lineage
of the Aloninae that is morphologically quite distinct (Van
Damme and Dumont, 2008b), the SE Asian 4. kotovi is
closest to the Brazilian A. yara (Sinev, 2012). These are
species from macrophyte-rich shallow water conditions,
although they can occur in a wide range of habitats (Sinev,
2012; Sinev and Elmoor-Loureiro, 2010).

Leydigiopsis Sars, 1901 (Chydoridae)

This study - Leydigiopsis is a tropical Amphi-Pacific
disjunct genus with four species in the Neotropics and a
single species in Indochina and Assam, described herein
(L. pulchra n. sp.).

Macrothrix sioli Smirnov, 1982 — Macrothrix
pholpunthini Kotov, Maiphae et Sanoamuang, 2005
(Macrothricidae)

In the genus Macrothrix, which still needs proper re-
vision, there are only four species with a distinct large
spine-like projection on the posterodorsal corner of the
carapace; their relationships are confirmed by phyloge-
netically relevant morphological characters (e.g. limbs)
(Kotov et al., 2005): M. sioli, M. malaysiensis, M.
pholpunthini and M. brandorffi form a group together

with M. odiosa and M. paulensis (Iheringula Sars, 1900;
Kotov et al., 2005). Of this branch in Macrothrix, M. sioli
and M. pholpunthini are distinctly closest, as shown by a
phylogenetic analysis based on 12 morphological charac-
ters by Kotov et al. (2005). M. sioli, described from
Brazil, is distributed in the Neotropics, M. pholpunthini
is only known from Thailand so far (Kotov ef al., 2005).

Taxonomically unrevised records

A number of unrevised/unnamed Australasian taxa
exist, of which the closest Neotropical relative is defined
and no other tropical records are known. The only taxa
mentioned are those whose identification can be trusted.

Chydoridae: two species in Ephemeroporus Frey,
1982 exist with only Neotropical-Oriental records: E. hy-
bridus (Daday, 1905) and E. tridentatus (Bergamin, 1939)
(e.g. Maiphae et al., 2008). These records of Ephemero-
porus species in SE Asia require revision.

Chydoridae: a yet undescribed Oxyurella cf. longi-
caudis (Birge, 1910) is just recently recorded from Laos
(Kotov et al., 2013). Oxyurella longicaudis is a purely
Neotropical species, with quite conspicuous morphology
(Van Damme and Dumont, 2010) that can hardly be con-
fused when compared to the common representative of
this genus in SE Asia, O. singalensis Daday, 1898, and in
fact with any other species in the genus. The finding of
an Oxyurella cf. longicaudis in Laos is quite remarkable,
and this record should be revised.

Chydoridae: an example of a trans-Pacific distribu-
tion, not of an Amphi-Pacific disjunction, is Alona setig-
era Brehm, 1931. The only species with two headpores
in the 4. costata-group (Sinev, 2008) and therefore easily
recognisable, 4. setigera is distributed in Indonesia, Aus-
tralia, Tasmania, New Zealand (Sinev, 1999) and in the
Pacific oceanic islands (Schabetsberger et al., 2009). Mor-
phologically identical populations (at least for the basic
characters) have been found in Brazil (Santos-Wis-
niewsky ef al., 2001) and remain to be revised. The same
can be said for Camptocercus australis Sars, 1896.

Macrothricidae: Streblocerus pygmaeus Sars, 1901 is
a widespread Neotropical species, found in shallow wa-
ters, mainly in swamps (Van Damme and Dumont, 2010).
Records of S. pygmaeus in SE Asia, most likely a close
undescribed sibling, are found in similar pond or swamp
environments (Sanoamuang, 1998; Maiphae ef al., 2008;
Van Damme et al., 2013b). This record needs revision.
Some Oriental populations that have been described ear-
lier as S. pygmaeus, were placed in S. inexpectatus
Smirnov, 1992 (Idris and Fernando, 1981), yet there are
undoubtedly S. pygmaeus-type populations present in
Thailand (Van Damme ef al., 2013b; A.A. Kotov, personal
observation) which future revisions will likely reveal as
a separate species.

Macrothricidae: Pseudomoina lemnae (King, 1853) is
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distributed in the Neotropics and Australia, but it is un-
known from Africa.

Sididae: Sarsilatona serricaudata (Sars, 1901) is a
species from the Neotropics and the southernmost part of
the USA, yet with records from SE Asia (e.g. Maiphae et
al., 2008) and the same has been suggested for Pseu-
dosida ramosa (Daday, 1905), mentioned from Thailand
(Sanoamuang, 1998). Both records need further revision.
Sarsilatona cf. fernandoi (Rane, 1983) has recently been
described from Vietnam for SE Asian records of S. serri-
caudata (Korovchinksy, 2011), the latter being a Neotrop-
ical species. Both are the most closely related within the
lineage (Korovchinsky, 2011), so this can be considered
another example of a link. Most likely P. ramosa is a
misidentification (Korovchinsky and Sanoamuang, 2008).

Some records could be misleading because of a lack
of taxonomical resolution or misidentifications, and are
approached here with more care.

Macrothricidae: Macrothrix flabelligera Smirnov,
1992 is recorded from Australia, Neotropics and the Ori-
ental zone, but it is most likely not a true biogeographical
link. The M. flabelligera records outside Australia are
most likely M. triserialis Brady, 1866 or M. elegans Sars,
1901 with additional spine-like setules on the branches of
the second antennae, too often used as a diagnostic char-
acter (A.A. Kotov, personal communication).

DISCUSSION
Amphi-Pacific disjunction in Leydigiopsis

Four species of the tropical stenothermic genus Ley-
digiopsis are known from South America (L. megalops,
L. curvirostris, L. brevirostris and L. ornata) and we have
hereby described a fifth species, found in Indochina and
Assam (L. pulchra n. sp.). The distribution of Leydigiop-
sis is shown in Fig. 9. The map also includes Miralona
victoriensis Sinev, 2004 from Australia, a monotypic sis-
ter genus (Sinev, 2004a). All species, except for L. brevi-
rostris, have been taxonomically revised and are
well-defined [Miralona in Sinev (2004b), L. curvirostris
and L. megalops in Sinev (2004b), L. brevirostris in Val-
divia Villar (1984), L. ornata and L. pulchra n. sp. in this
study]. The new species is distinctly different and cannot
be confused with other Leydigiopsis because of the com-
bination of a short postabdomen, a long rostrum and long
setae on the first antennal endopod segment. We can rule
out taxonomical uncertainties for Leydigiopsis, recently
having revised the other species (Sinev, 2004b). Limb
characters are strongly conserved in this genus and we
noted main differences in morphology of the postab-
domen, antenna and head.

With largest diversity in South America and a disjunc-
tion with SE Asia, the genus Leydigiopsis does not follow
a common biogeographical pattern for Cladocera. Distri-

butions overlap in Brazil, which is the centre of diversity
of this genus. Most tropical/subtropical cladoceran genera
either have a circumtropical distribution, with a few cen-
tres of endemism besides many monotypical genera, es-
pecially in the chydorids (e.g. Australia; Korovchinsky,
20006; Forrd et al., 2008). A strongly disjunct pattern be-
tween South America and southern tropical Asia in a sin-
gle cladoceran genus is unknown, except now for
Leydigiopsis. For other animal groups, South American-
Australian/New Zealand disjunctions are more common
(see Introduction), but they usually do not involve In-
dochina. Even though it is the only cladoceran genus with
this distribution, Leydigiopsis might not be the only clado-
ceran lineage with an Amphi-Pacific disjunction. We have
identified three more cases of recently described SE Asian
species where the closest sibling can be found in the
Neotropics and another nine cases where SE Asian
records have not been formally revised, but where cryptic
species have been suggested and where an Amphi- or
trans-Pacific disjunction is possible.

One of the examples is the pair Alona dentifera-A. sia-
mensis (Coronatella), two close species that form a phe-
notypically distinct group in the subfamily, the first a
well-known South American endemic (Sinev ef al., 2004),
the second extremely rare in SE Asia and described just
recently (Sinev and Sanoamuang, 2007). Both have been
revised recently and no representatives of the small 4.
dentifera-lineage are known from other former Gondwana
fragments. In Macrothrix, the Neotropical M. sioli forms
a close morphological group with the SE Asian M.
polpunthini, which is a recent discovery as well (Kotov
and Hollwedel, 2004; Kotov et al., 2005). Among the po-
tential examples from different cladoceran families (Chy-
doridae, Macrothricidae and the Sididae), Alona setigera
seems the only cladoceran so far with a trans-Pacific dis-
tribution, connecting Brazil to Australia. This species is
quite distinct within the 4. costata-group, so there is little
doubt that these records belong to the A. setigera-pheno-
type, but it is unknown whether these are conspecific pop-
ulations or cryptic species. Most of the potential examples
remain taxonomically weak, are in need of revision by a
close comparison between the Neotropical and the SE
Asian populations, and mostly the latter remain to be in-
vestigated (e.g. the SE Asian Ephemeroporus, Streblo-
cerus cf. pygmaeus and Oxyurella cf. longicaudis).
Interestingly, in its habitat in Thailand (swamps), we
found Leydigiopsis in association with a number of
species that form a similar community in South America.
In the Lengois Maranhenses in Brazil (Van Damme and
Dumont, 2010), species associated with Leydigiopsis in
dystrophic temporary habitats are Streblocerus pygmaeus
Sars, 1901, Macrothrix sioli Smirnov, 1982, Alona ossiani
Sinev, 1998, Anthalona verrucosa (Sars, 1901), Cycles-
theria hislopi (Baird, 1859), etc. (Van Damme and Du-
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mont, 2010). In Thailand, Leydigiopsis is found in asso-
ciation with the vicariants of the latter (Streblocerus cf.
pygmaeus, Macrothrix pholpunthini Kotov, Maiphae et
Sanoamuang, 2005, Alona cf. affinis (Leydig, 1860), An-
thalona harti Van Damme, Sinev et Dumont, 2011, C. his-
lopi, etc.) (Van Damme et al., 2013b). Hence, it is not just
a disjunct species, but a vicariant community. It should be
no surprise that under similar climatic conditions and sim-
ilar habitats, a similar set of cladoceran species can be
found on each continent, an argument for vicariance and
ancient origin of the group (e.g. Frey, 1986). However, it
is remarkable that three South American-SE Asian dis-
junct pairs (in Leydigiopsis, Macrothrix Baird, 1843 and
Streblocerus Sars, 1862), with a type of distribution which
is rare in the Cladocera, can actually be found in associa-
tion on either side of the Pacific. Rather than a random
effect, we think that this is a case of relictualism and of
range contractions of a formerly widely distributed habitat
and its taxa, and a subsequent speciation as a result of
fragmentation.

The low chances of long distance dispersability of
benthic chydorid ephippia, intolerance for brackish or
saline water in Leydigiopsis and the low tolerance of cold
temperatures of this lineage, and the fact that this is a dis-
tinctively different species with local phenotypic varia-
tion, make it highly unlikely that a recent long-distance
dispersal scenario can explain the current disjunction.
Ephippia of Leydigiopsis do not float (KVD, personal ob-
servation), they are deposited in the detritus layer where
animals live. High dispersal and colonisation abilities
have been attributed to Cladocera, but only for small spa-
tial scales (few km), not over extreme distances. Besides
the dispersability, there is also competition to consider
(De Meester et al., 2002), where resident populations have
the advantage. It is unlikely that benthic ephippia from
South America dispersed recently by wind, birds or sea
over a distance as wide as the Pacific. Dispersal over the
Pacific by wind is possible for bacteria and Archaea
(Smith et al., 2013), but it is highly unlikely for ephippia.
In the scenario where we assume recent disperal and
colonisation over such a distance, we would expect the
species all over the Pacific islands, across the Wallace
line, in Australia and New Zealand. However, the genus
is not present on the Pacific islands, which are poor in
Cladocera (Schabetsberger et al., 2009) and it does not
occur in Australia or New Zealand (e.g. Smirnov, 1995).
In the scenario where we assume easy dispersal and
colonisation, we would expect the group to be present in
the areas in between (Australia, New Zealand, Pacific is-
lands), which is not the case. Leydigiopsis species are con-
fined to freshwater, live in muddy conditions in shallow
temporary freshwater pools and swamps, with optimal
temperatures not below 25°C (optimal in culture from
28°C up, no hatching of the eggs below 25°C), in nature

very abundant at 31-33°C (Van Damme and Dumont,
2010). The fact that Leydigiopsis is rather specialised,
makes it useful for biogeography: 1) stenothermic, intol-
erant to cold, therefore confined to tropics so no chance
of dispersal through higher latitudes via recent New
World-Old World connections (e.g. Bering Strait) during
cold periods (Quaternary); ii) freshwater, can tolerate low
conductivities, low oxygen conditions, but not brackish
or saline water, so no chances of long-distance dispersal
with ocean currents, only by over-land dispersal. Espe-
cially tolerant for low pH (Van Damme and Dumont,
2010), therefore able to live in acid waters; iii) benthic
specialist, with typical adaptations and colored red from
hemoglobin, lives in muddy conditions and detritus in
humic-rich, dystrophic swamps and in shallow pools,
needs a layer of organic plant matter to live in and able to
withstand low oxygen conditions; iv) dispersal by ephip-
pia, which are not aimed at long distance dispersal in ben-
thic chydorids, but mainly at building in situ eggbanks (in
fact, embryobanks). Ephippia sink and are deposited to-
gether with the vegetation and mud. The ephippia can
withstand complete drying and even strong heat, like in
short lived, ephemeral pools in semi-desert conditions like
in the dune pools of the Lengois Maranhenses, Northeast
Brazil (Van Damme and Dumont, 2010).

A direct biogeographical connection between South
America and SE Asia is currently hard to imagine. It is
most likely that the stenothermic tropical genus Leydi-
giopsis had a wider distribution in the past and subse-
quently disappeared from regions where temperatures
became limiting and suitable habitats fragmented. So re-
lictualism, rather than recent dispersal or a human intro-
duction, is favoured here. The idea corresponds also to the
fact that Leydigiopsis limbs has a rather primitive pheno-
type in the Aloninae (Sinev, 2004a, 2004b), with relatively
conserved limb morphologies, so we can expect a rather
ancient distribution pattern, considering a Palaeozoic-
Mesozoic age of most Chydoridae genera. Under a relict-
ualism/extinction scenario, there are still several
possibilities, but we can assume that the observed pattern
is not a recent one. An overview of the scenarios that
could explain the current disjunction and the pros and
cons of each hypothesis, is given in Tab. 1.

Plants may provide useful parallels for exploring
anomopod biogeography

As the fossil record is poor for Anomopoda (e.g.
Kotov, 2009) and molecular studies are lacking for almost
all tropical cladoceran taxa, it is currently impossible to
retrace their biogeographical history in detail — a compar-
ison with other groups is necessary. As noted in the Intro-
duction, there is not so much known of this type of
disjunction in other zooplankton groups and on other
epigean freshwater crustaceans to compare with. Further-



a3vd jxau uo panunuod 2q of

sa10ads
SIWIOYIOU)S B JO [es1odsIp mo[[e pinom jey)
9JBWIO SNONUNUOD © [)IM BOLIDWY § PUB RISY
4 ur sordor) 9y} U9aMIOQq UOIIIUUOD PUE] JUSIAI
ou SI 2197 ], "Sjueq339 JUBWLIOP JUIPISAI FUIULIO]
10J Inq [es1odsip ooue)sSIp-UO] OIUBIOOSULI}
10} pouSisop Ajuewnd jou o1e “sieroads
a13uaq ' Jo Aqperdadss ‘(sepuopAy) jo erddiyds
ayy) sornSedouid [eszadsip oy, Aeyrun Aysiy
SI OLIRUQOS [esIddsIp ooueisip-Suo| Juadal Y

(A1y1[un) o[qissoq

(Q€10T “1v 12 owwe(q ueA ) sa10ads [eroads
pue Jernoad Jo Joquinu € Urejuoo Jey) sjejiqey
101101 JUDIOUR JNq “PASIUO[0O dIB TRy SILIIqey]
MOU JOU 98 9SOY} ‘OIOULIdYYIN, ‘OSIUO0[0D
pue os1odsip A[Ised pnom 31 JjI oq 0} 1
103dx2 pinom auo a1oym ‘suoniod ureynog
10 UI9JSOA\ U} UO 10U ‘BOLIOWY § JO suon
-10d gD pue gN 2y} uo juasaid st pue ‘spue|
-SI 01J10BJ 9} UO JNJD0 J0U S0P s15d0131pAaT

BUIYOOPU] UI UONEBIAAS

UQAD ST 911} JBY]} }5933NS 0] SN Sped| SUon
-e[ndod osawreu)dIA U3 puR IRy, Y} USIM)
-0q sodudIPIp [ed13ojoydiow Y], “os1adsip
0) S|ewIuE (JUBID[OJUI-P[OI PUR) OIULIDY)OU)S
9SOU) MO[[B P[NOM JBY) SOWI) JUIIAI SuLINp
PaIsIXa duoz [ed1don oN *(21n01 1SALI0YS A})
J1J19BJ 9} IOAO PUEB SOPUY dY) J9A0 pajiod
-suen are eiddiydo puopAys jey) [ensnun
9q P[nom J1 pue AJoxIun sI [es1adsIp Juaday
P109 10 AjIuIfes Joj 99ULIo[0)

ou [ym ageaul| e si s1sdo13ipda7 dIouIay)
-In] "UOne}ASoA PUR JUSWIPIS oY} YIIM OIS
eiddiyde pue (0107 9uowng pue swweq
uep) suonipuod dwems ur SOAI[ Jey) wst
-ueg10 SuI[omp-pnu € St yorym s1sdoidipda7
ur Aqeroadse ‘(L6 ‘10K1q) [esiadsip aoue)
-SIp-3U0[ 8 PoWIE JoU dIe Pue J[IqOW 9q 0}
paydepe jou A[jerouss are erddiyds propAy)

K4

S1e}IQRY POULIO] A[MIU SIUO[0I A[ISBO UBd
pue sanroedes [es1odsip yS1y oAey BI000pE[D)
N0 PI[NI 9q JOUUED OLIBU

-90s [es1adsIp U901 © ‘Furwn 2jeIqI[ed o}
J[qe[IBAR BIED JR[NOJ[OW IO S[ISSOJ OU A\
puilm pue spiiq £q panqLusip oq

ueo eiddiyde uerooope[) ‘suonoun(sip o110
-ed-ydwry urejdxe 0} ‘jjom se sdnois juerd
pue [ewiue 1oyjo 10J pasodord usaq aaey
SOLIBUOS [esIadsIp 2our)sip-Suo] JUIY

[es1odsIp 9oue)SIp-3UO[ JUIOAT WOIJ SINS
-01 pue JuddaI si szsdor31pAa7 ur uonounfsiq

[es1adsIp ooue)sIp-3uo] U0y ‘g

K. Van Damme and A.Y. Sinev

suewny Aq paonponur d1}0xa
UBOLIOWY § B JOU SI §15d0131pA27 [eUdLIQ) Y[,

soroads ojeredas e ‘)qnop e Jnoym ‘A[[edrsof
-oydiow ‘st 3] ‘uonerdads [eoo] 3s933ns JySiw
yomym ‘suoneindod osouBUIOIA PUE TBY[ ] U0oM]
-0q SOOUIIP UAD [)IM SA10ads mou & A[1ed[o
st *ds ‘u payond 7 ‘pajerar A[9so[d y3noyy
UOAY 'SIOJOBIRYD qUII| OS[E PISIAQI oM pue
(vivut0 s1sdor3ipda7) U019y PIsIAdL Furjqrs
UoI3a1 WIes 9Y) WOIJ SYUSW

-9[9 dmsIune} 19Y30 Jo ooudsaxd oy Ajdwir jou
saop syue[d aarseaur peardsapim jo souasaxd
oyl "(A€10T “7v 12 oW UBA) [eMIOI[oI
Se POIOpISU0D oq UBD pue So10dds ueIdd
-0pe[d Mou pue Je[nonted I9Y10 [BIOAJS Sule)
-u0d BISY S Ul s1sdo131pAa7 Jo yenqey oy
(0107 “yuown( pue awwe(] UeA "3°2)
(0o1XQN ‘T1zelg A[[e10adsd) eiddope|) 10jJ
umouy| [[9m AJoAne[aI sI uoigal [eordonoaN
N o) pue (qy00T ‘AdUIS) PISIAdL A]Judd

So100ds uBOLIOWIY § UMOUY € JO

JUBLIBA B 9q P[N0D S15d0131pAo7T [BIUSLIO) Y,
(spododoo '3°2) eISYy

S OJuI BOLIOWY § WOIJ SUONONPOIUI U0}
-yuedooz pajerpaw-uewiny Jo 1s1xd sajdwre
-X9 IOUJ0 puR {(nin[noond viuiaps "32) oM
se sjue[d onenbe dAISEAUL UBOLIDWY § Sule)
-uo0d pue[rey [, ur s1sdo131pAa7 Jo yejqey oy,
S9109ds UBOLIOUIY YINOS UMOUY|

c

suewny Aq paonponul sOjOXa UBOLIDWY §
are eisy A4S ut suonendod sisdoiSipdo7 oy,

poefoy  -a1010M s15do131pAaT 3O So10ads uBOLIOWY § ] -un ue oq I s1sdorSipdo7 [ejueliQ) YL | uonoNPONUI UBWNY Y

SUOISN[OU0)) Nilvg) so1d s1soyjodAy/oLeusog

230

‘s1soyjodAy yoed 10§ paisi| suoo pue soid ynm ‘szsdorSipda7 ur uonoun(sip oyyroed-ydury renuajod oy puryaq Ae[ pinood jey) sorreudds [eoryderoo301q 91qissod Jo MIIAIDAO UY * "qeL



231

Tropical Amphi-Pacific disjunctions in the Cladocera

23pd 1xau U0 panunuod aq of

suonejardiojur [esryder3oadorq Aue 10j s9[o
-£)$qO Juepodr Urewar ‘ejep IJB[nOd[OW JO J0UdS
-qe oy pue sordonoiyy oy ur Surjdwesiopun 30K
‘a1qissod st s1sdo131pda7 ur uonoun(sip oyroeg
-iydury ue jey) 15933ns oA\ “BIjensny 1o oLy
‘equeT LIS ‘BIPU] S SB [YONS SJUSWTeI] euUBM
-puon A UI PUNOJ I9AU Sem snudF snondrdsuod
sIy) asneosaq pue syueld [edrdon yym dour[qUIDS
-019Y) JO asnedaq A[[eroadse ‘a1oy pasodoid souo
) Jo Aay1] 3sow dyy sdeyiad st oLreudos sy,

(pamnoney-AJo3]) 2[qISSOJ

Ellicblii(ve)
(1061 ‘s1es) 1061

Q0UIS UMOUY U22q pey| snudd oY) pue peards
-opim Apuaredde st 31 y3noy) uoas (8661
‘Suenwreoues) 9661 Ioye BISY S UT ISI
punoj AJuo os[e sem s1sdo131pAa7 )oK punoy
u20q jou sey Ajdwrs 10 ‘eoLyY Ul jeIIqRy
oy ypim paseaddesip pue (£30]009) mouy| om
uey} diy1oads arowr oq JyJrwr sa10ads sy,
A30]0

-1q SIT JNOQE UMOUY O[N] A[AT)E[I pUE SNUST
zenonaed siyy jo eiddiydo oy jo oouerojoy
1) UO JNO PALLIED U dARY S1S9) O1F19ds ON.
s15do131pA27 & YIm

punoj oq s JYSTW AJITEOOT 2ININT B IOYIOYM
no a[nI o3 d[qissodwir s1 1 pue (eg1og “/p
J2 awwe( UBA ‘€107 ‘7P J2 ol1oney) '82)
BI900pE[) 10 pajduresiopun [[1}S aIe BIpU]
Jo syred a1e] pue JedseSepeq ‘BOLJY YINOS
7 wutod oAoqe Jo juswn3ie pue ‘sordon

oy ur syeqey dwems jo Surjdwesiopun
JU2901 AI9A UAD 99 P[NOD UONNQLI)

-SIp ‘BJEp JB[NOOW IO PIOIAT [ISSOJ INOYIM
a3eour| Jepnonued siy) Jo 93 jnoqe LOPI ON
spaas juerd o reqruuis jou a1e eiddiyds pue
K1oys1y Jepruis Ajduwip A[11eSS990U JOU Op SUI}
-jed [eoryder3oadorq JIe[ruiig ouUdPIOUIO))

[eNIOI[A1 2B SANIUNTULIOD S)I PU.

Je31qRY AU Jey) Sunesipul (-0p2 ‘snavudAd ‘3o
'S s snavw3Ad sn.1200)qa.ng “wunydjod py
s 17018 XLiyfoovpy) padedal JoA ‘eIsy S ul
PUR BOLIDWY S UI STBIIqRY IR[ILUIS UI AI] YOTYM
sied soroads Surqrs oyoeg-ydury Sururey
-U0J puNOJ I8 SANIUNUIOD JOUN(SIp Se [[om
se sared-sa10ads onyroed-ydury [eordon 10yi0
(J1osn s1sdo131pAa7 1ou Aym ‘suory

-IPUOd IB[IWIS UT JAI] Jey) soroads Surpnyo
-ul ‘puoppdingy a1 ‘s1sdo131pAa7 0) 9019 oIk
Jet)) eOLITY Ul Judsaxd ore saroads 10110 JT 1)
-1qey] oy} Jo SuIAIp pue SOFUBYD d)RWI[O U0
-IOA0 210J0IAY) UBD pue Sw)sAs Arerodwd) 0y
padepe aIe s[ewIue 9y} JI BOLY Ul sa19ads
ST} JO UOIOUNXS IO UOSEBAI OU ST I
(0T Topun

jou) s15do131pA27 10] P[Od 0) JUBI[OJUT UL
puR 9e)Iqey SIY) 0} PUB I9)EMYSIJ 0) PAIOLNS
-01 ‘0epLIOpAY)) Jo sontoededs jesiodsip mo
snonordsuod K104 st 9d&)

-oudyd oy} ySnoy) uoAd ‘parrodar udseq 1oAdu
Sy 11 MOU [1UN JA ‘9I9YMOWOS PAjIwI| 10
arel Alowanxs Appudredde st 1 ‘reoseSepen
10 eYURT LS ‘BIpU] § ‘BOLY Ul juasaid
9q pInom 1 J ‘juasqe A[uyap st s1sdord
-1pda7 pue ‘(sdurems Surpnjour) pajedisoAul
Suroq ore  sjeyS  uUIoISop|  CRIOU) U
-s21d 10AQU SeM 11 9SNBIAQ BIPU] YINOS 10 PUe|
-UTBW UT JOU JOA wessy se Iej se Judsaxd st ]
'S1eyS UIAISIAN Q) 1] BIPU]J UI SeAIR 93njal
UBUEMPUOD) IdY)0 IO BYURT LIS ‘BI[RISNY
‘BOLIJY ‘TeOSEIRPERIA Ul JUSqE SI s18d0o131pAa7
(9007 “ASUIYdA0I0) 210J9q PA)sa33ns

sem (s10172.4 pa122[2) BIDIOPE]D JUALIND ) JO
InyeudIs 010Zoud) V (€107 ‘ASMOIN pue A9]
-IOJA] ‘5°2) umou| sl ISy S Ul spejiqey durems
JO AI03STY 010ZOUD)) PUL AINJBU [BNJOI[AT YL
A[rureyqns oy uryim aazautid

Se PaIopISuod pue snondidsuod si s1sdord
-1pd27 Jo A3ojoydiow pue dnoi3 pjo ue se
umouy [[oMm 91k (SBPLIOPAY)) USAJ) BIDOPR]D)
(er1qow Aysiy

Suroq je pawe jou) sonoedes [esiadsip mo|
ym J1oqre ‘spass jueld onenbe [eo1doosoro
-1wr se papIedar oq ued erddiydo propAyo oy
-uaq se osuas sayew sjue[d yym A3oeue oy,
"PI09I [ISSOJ POOT B PUB SOLILUAIS UONRIT
- [esrdonoaroq yym syuerd jeordorny Auew
JO e sojquiasal urdped uonnqusp oYL

1

BOLIDWY S PUB WESSY/BUIYIOPU] UIIMIDq
joun(sip pue ‘spremyjnos paysnd Suroq oiym
pajuowidel) dwedaq ageaur] oY) dwn Jey)
IOV "QUADOTIA-OU20S1 O o) [nun e1sy/odox
-Ng puUB BOLIOWY N U29M]2q A[Snonunuod
payolens Jeyy) ‘sa1donoaroq oy 27 ‘010Zoud))
oy urnp 3[9q [esrdon 1owLIo) oy) ur peaids
-OpIM SBM )T 90BJ U] "RIPU] S 1O IedSeSepely
‘earJy ul juosald 1oaou sem sisdorSipdaT

o%eo
-ur] oy1oed-1ydwry [eordony e st szsdoiipda

uoneidiu reordonoarog D

SUOISNOU0))

suo)

so1d

sisojodAy/otreusog

‘23pd snoraud woif panuyuo) 1 *qe],



inev
Sine
Y
A
me and
Dam
Van
K
2
23

hical
< without
(+10) 1t _
biog ps W S en
pare 1gr°.ug periods
com ima estln e pe ajor
ctto her anrst' K uerVthe m m
. correith ot Salfi ay s are ay fOCk-
be in daw isperhjch n\:vi“d’ and H(;eker gs
ight Opo ofd) w. by oda Van. geg .
it m Anomodes- lo‘l;uted mop Is ( restin ction
e, f m Flg'. tri no 00 d un the
or S0 he'(dls A ppo 1:fd
m m t innia the ary Y sa n d
te ing pp be in or om er: a an
at ri hi n li p an~p ds, tt -
p pa ep cal sa em t, dis ee a be
m in de ersa t fac r ts efmls
co d an isp n n fo n It e e
closeought for dbanks Sb) Iseedsto Pla te (Ai)al'all in the
a S Sa’ q im 1y 2 C te A ns,
rop ive 00 ea s a ial stru. es itio -
pxtens; al., 2minut Veryisms ’Cnireenézclal Suggcondlechal
ee-e reandspcnlcm&
ve 11k-ach n in be ab d 98
22 hOhaVe ippia I me Olaased have unst s ann’ 1 et
5 £ g be ph sab uer nca ds to istori ine ipley tt
m"g < qé'é l’ € .per Flg S € ce ions hls elai Rlp a
= 5 gé’ %Dg ~ alye dlso()g; tegglant Sptatlo life(Korpzoo:s’AlteH?ud
< 2 - = S m 2 n 4] 5 ;
- s & 28 a d S S _
2 a"s 2 £ S - Sbert’ dorma and Ehe a bankhing et al"2005b2’006)c0m
ggau;g;@ E n ¢ ods to gg atc ck a, a( nd on
&"55%'@"% twee hlop1 tion ies, € n/h Bro 2005 ZOV her a: nts
—E_oo:o C a 1 tio 2: u. 1 ime I-
_£~;.ms. ;8 n e eg.a 02; l.,.ng e 1m a
<-»<~<~(D;° ra-l‘ at 1n. 0 a 14 g er T, D
c“"z 5% I T in Sta.sl HO. 1a I
ogaugug ispe for G ckh hl. it P.n
80085“*00 dis oo o ker s tl“glun-gs' hip tio I
g2 8 - B“%" . ism laa de akrures. na sin dep eta rsa
=t o) E"‘ :C‘_.'E Q IS ni 10 an M an t10 T ca Ie) T .Spe
'g—g-”wom_ﬁ . 2 S ioue 4; V: 08). er. nc te opo terp di ow
gmﬁ,E:—‘:* ..Uo 1g 04; 0 ocC fu ou om in n kn _
E ﬂ% £ £24 1r Fz-a Zobe“’ i e e or the oo plant 10)
= g%bm'—'o‘a ¢%§:o:>_i‘2 a E an oIz a 0 103 y 1
g 252 1K .e%%ﬁé% %aee and Eoer 3 S N korlds’dto Fie. e
4 'E;:ﬁ"UGJ‘D = 5«@5“"5‘“382 dp hem ca ts CcC re d lue e ( Wi
g Py < 5% 53 543 g%égi@g,gé £ ie edt lpermplaf}nto a Moinchyreg stag 972). ake
'z | @ <u> HO,_“ ocu z *—'g r. 1 . .a_
-HE = e 258 22 3 £33 sE2 z Pﬁemll‘;itweike“ graphy tha‘;lipplaresﬂ“g o with
o = =) =1 o -E-—« + — S ‘U,T) -
:m Ofg ﬁm«-» u@: ewzbo«» c €0 1 P e (Fryc-s S.
3 = 9 ‘__"'Um@m :ENUQ.S_,NNB 1s en,g hni € th hy 101! e
&) -U_E“Ewoo ;3 ~s.~°v sw”%.‘:m lle be bio the n te phy t tag.
—~=~ “Bs—c< xﬁ-c¢8:>‘“§ﬂ-” a dap ce ima ra bu S n
55—4."‘;—."' =3 u“:“mn».: “_: ly d‘ p, W.tlm g.trl,g 1
%) ooq,w:«'*-'vﬁ omo b0""‘1430 e 0 mn ou] et n €O 18 1n ct,
= :%aﬂ%aﬂ sww%aswsw I op: s T b is i iog d st fa v
= Eé ; §§ ;; $ 222% “E’E’ §§ g ié A anorfllanlsn[llatter ;gatlolt]rate 1lant bloopodlike res (‘ILogatot:
E%D~«~°°‘ 072§§“0~§,°wo%ﬂ5% c he re bs om d- an 0 istan
8‘§.E%5.E<§D% QBQSVAEH“ & e mect t he u ith p an ee ce tar 1S ite
°0:: o'!::N L9 zvs“-’ﬂ)m E«s n dt ) s 1 . hs ta S es it
ﬁ‘awuaw&)om:§§wcbag‘58520> at n nt W ng c S d t-11 u
2 9 $ 8 »wm_z 23 % 8 = £E O——c S 2 th ins a la lels ar suct cru an h re qu e,
:‘5“ :QHG,‘:- EEM:QOU‘HO:"H n (P 1 p 0 tic v ug a v
5 qnhlgmetmnﬂ ﬁgwa_og a e ra om n a ee 1o ds ct
&= Ewwmﬁgowmmgaug mth a c ve u ks d,o e S
wgz‘u%~s=ﬂvg>%~oo g d at p an ha aq le he iop rsp hap
ooaﬁs"iﬁ"%nzsoos“g“ an th th at ny (A tt ch © er
gacaom(ﬂ«sgg«sN;&g ink se th a s) e an-alp p
GMN,%OOENQ_\::UJ hin en S in m te. y br. ic ts,
5$3°§~'N3:O“§£~ t s up n bra 07), d h an lel
gogmgss_zgm;u _ ore 1o ists e 0 po rap 1 al
m'Es-‘m _O_PU: N0.) — lg Xl_ ert 2 (§) dp ar -
§ : g ‘g gs _§ @ ;:) = <~ _— E § ;rrllimause etlc lnvet aZJ anortl)liogeosgsee the pegath
o = =) - =
!;g.i % agc _‘ . § §; é S Diapaaqua Seev' inthem a hed a tions’the mnd the
E iid - gin:%“gz o any Alekhipplae fro roach -sjun%ouﬂ nts & large
=4 = § “'§§7§5° g m96; ep fOr’app« as. di na pla ra S18
BQ:N- £z 2 252 3 19 ike re be nim ific itte ing Fo the.
= Og .~8£m°>‘ S -li he a c 11 Tl ). 0 cs
@ . = £ = 5 2 ] T n S i-Pa W € 0 p 1
g__‘ .Ew <—g ogamq: 3 le ca a, 1- n W Ohy op
S 45 S podsorhaimphsbe‘;al ey i Neot crsal
8 2 Mé g R= © 15 2 § E% 1 : é)i SpomO re s of h ha ropi Mor the the d]Sp975,
hD 3“00 Q«a) E'Um”q)%o an mo ase uc et ( 'Sa cn Cce 1 e
E 53 22 23 s%ag.é S ven the case of 5 e trop illebetwedistan olfei) Th
7 ,ﬁ'aam:wﬂ s n.aom.—,: = e ul: kn. am - W . S-
5h 'OQH,E&’DQ% E’““%-“ag g In S€ erm]l tf. S ng-( 00 1
) = 3 a>: cm_ew% S u.sp e n lon.lo rio 2 tra
) 35035'5(,;-5@ ,~os-m<t_° Q Ty 10. w la ct ic a T, d nd
7 SRR .-—w._ E_‘*—mq.ma < .Ve is p',n n en te.an a
g -mf:‘gi:"h ;-9 ,éé’ 6 §2 g ég S N al ancgord opical dlSJusocea}cal SCnches Phl_1962)m0_
S %’o“@ogmé E;'” ZE5 ; erm.lre tr lain an Pl Ma Am’s by -
° cvs°=~::‘<7§ 8 2, ‘5"2‘5%@ S si f p t1“ﬂ"’d n nl’d au
> 0“055% ow°_<::‘: = S I o ex by o n~ha e e L
g Svse<6ﬁ~uﬂno“~ = fo be 0 ot re a it St m € €
= ;g T = < ] t ifn ] Yy 11 h a
g =h § 2 E = E £ =2 E nurgosedsia, lf.s the bTiffnenera ‘;V(Van conflikeFtabace
2 S e ._m’u,t—’DF‘ A 0 A 1 1; € iv en o S,
= a% £ g 5 < “ Prd SE iance, 200 lant gress s be llled the
g gg 5t § g-:E = % an icarIZOOO, iCale imp is ha f fam an
8 22 =< v i s 0 e
£33 ER o “ S r , opic n he r ea
cvs-g S = N (o) 1ey ftr tio ot be iac
23 = ~ T . m, 1
& 6; = Mo bero.sjun,c s hyp nu Ipigh
< N . N umcdl pic 1coraMap
. 3 . .
g - Ef"g = naClﬁ eotro SIS ae,
& g5 g3 = p bor naly ace
s 2 S 5 s € a on
= 52 > ¥ th lar nn
5 ° Q= S cu A
=1 < e
Si §~§o~ E l ceae,
& B! B < S ra
i S8 g 2
N = - g3 =
< Qewi
9 g
. g: g
S 2 g §2 Eod
3| % E wﬁ;’;
g 2 N
S S 5>
S E <
3| 2
g [75]
=




Tropical Amphi-Pacific disjunctions in the Cladocera 233

(Lavin and Luckow, 1993; Chanderbali et al., 2001; Davis
et al., 2002, 2005; Lavin et al., 2005; Li et al., 2011;
Christenhusz and Chase, 2013). The discussion is pivotal
to our current understanding of biogeography in general
(McCarthy et al., 2007) and to explain the origins of
plants in the Old and New World tropics (Morley, 2000).
According to the boreotropical migration hypothesis
(Wolfe, 1975, Tiffney, 1985; Lavin and Luckow, 1993;
Morley, 2000, 2001; Tiffney and Manchester, 2001;
Christenhusz and Chase, 2013), which is based on an ex-
tensive fossil record, many of the extant tropical plant taxa
with an Amphi-Pacific disjunction originated from a cen-
tre of radiation in the Northern Hemisphere and formed
the boreotropics, a continuous biome stretching out during
the Eocene between more northern latitudes in the Old
and New World (Europe and North America) and with rel-
atives in Central America and tropical Asia. The biome
underwent fragmentation and taxa went extinct at higher
latitudes, currently finding refuge at lower latitudes, after
temperatures declined after the early Oligocene. It is a
widely assumed hypothesis for plant groups that show a
link between SE Asia and the Neotropics, but not with
Africa (Christenhusz and Chase, 2013). For Cladocera,
the timing would make sense, as the Cenozoic is thought
to have left a lasting mark on current distributions through

extinctions, leaving a group of relicts behind (Korovchin-
sky, 2006). Scenarios of vicariance through plate tectonics
and the break-up of Gondwana are equally common for
Neotropical plants with Amphi-Pacific disjunctions
(Christenhusz and Chase, 2013).

African extinction or boreotropics?

From a relictualism scenario, there are two major pos-
sibilities for Leydigiopsis. The genus can have a vicariant
Gondwanan distribution, formerly present over complete
southern Gondwana, or it was in fact never present on
other Gondwana fragments. We labeled the first as the
Africa extinction scenario and the second, the Boreotrop-
ical migration scenario (Tab. 1). The boreotropics sce-
nario has not been taken into account before for this kind
of disjunctions in freshwater invertebrates and we would
like to mention it here at least as a possible biogeograph-
ical hypothesis that hitherto seems to be mainly part of
botanical research and worth exploring for animals.

According to the Africa extinction scenario, the origin
of Leydigiopsis would pre-date Gondwana break-up. Ley-
digiopsis would have been well established in warmer re-
gions of Gondwana, where suitable climatic conditions
were present before the break-up of this continent in the
early Jurassic. Through connections with Laurasia (which

100pm

Fig. 10. Ephippium of Leydigiopsis pulchra n. sp. from a small forest lake near Bau Sau lake, Cat Tien National park, Dong Nai province,
Vietnam, coll. May 2009, by A.Y. Sinev. Ephippia of the benthic Chydoridae are deposited with the substrate, they are not primarily
aimed at long-distance dispersal. The resting egg (in fact, dormant embryo) can be interpreted as microscopic dormant seeds, encased
by a drought-resistant shell. Functional similarities between anomopod resting eggs and plant seeds can be useful for the interpretation

of anomopod biogeography.
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was in fact a group of smaller continents, not a single
united landmass), Leydigiopsis entered Asia during
warmer periods, but gradually disappeared in colder re-
gions and became extinct through a decline in suitable
habitat from tropical lowlands. Such a habitat decline is
not unlikely. For example, though climatic conditions are
favourable for the occurence of Leydigiopsis in Africa,
dystrophic swamps are currently relatively rare in the
tropical African lowlands, and more common at higher
latitudes (Van Damme and Eggermont, 2011).

When considering the Boreotropical migration sce-
nario, we can notice how Leydigiopsis may have origi-
nated at higher latitudes in Laurasia (for example in North
or Central America), after the break-up of Gondwana, and
was present in Asia during the warm global climate in the
Eocene, at which time it had a wide distribution together
with the tropical habitat, swamps in wet tropical forests
of the boreotropics biome. Species gradually went extinct
at higher latitudes in the Americas and/or Eurasia in re-
gions where cooling occurred and the biome was pushed
southward, and survived in relic habitats in SE Asia and
Central and South America. In the latter scenario, Leydi-
giopsis species went extinct at all higher latitudes in Eura-
sia and North America, have never reached Africa or
Madagascar, nor crossed the Wallace line to Australia, and
have never been part of the Indian Ark fauna.

Leydigiopsis is absent from major Gondwana frag-
ments, such as Australia. On the latter continent, an en-
demic close relative occurs, which seems morphologically
closest to a direct ancestor (Miralona victoriensis; Fig. 9).
We think that an ancient origin of the ancestral line is not
unlikely, but Leydigiopsis could be a younger branch. It
is generally assumed that anomopod families and even
chydorid genera were well diversified by the Mesozoic
(Sacherova and Hebert, 2003; Kotov, 2009). In the ab-
sence of fossils, analysing patterns of distribution, com-
bined with our ideas on primitive and advanced
morphologies in Aloninae may help us to provide impor-
tant clues about timings of main radiations. In Leydigiop-
sis and Miralona, both morphology and distribution
suggest an ancient clade. However, lacking good fossil
records, time estimates on the origin of chydorid genera
are based on assumptions and we are at a guess when or
where they originated. In contrast to Daphnia, whose tim-
ings of origin are well-studied (Kotov and Taylor, 2011),
chydorid diversity has only been probed at deeper levels
once, a decade ago (Sacherova and Hebert, 2003).

From morphology, we assume that the related Eu-
ryalona, Tretocephala, Miralona and Leydigiopsis are
likely relicts of an ancient radiation. Trefocephala is a
cold-tolerant genus that shows a morphological link with
Leydigiopsis (Sinev, 2004a, 2004b), with a South African-
Palacarctic disjunction and Euryalona is a circumtropical
genus with intercontinental divergence. However, while

the ancestral line could be even Pangaean in origin (Mi-
ralona-Tretocephala-Euryalona), Leydigiopsis itself is
not necessarily as old, or perhaps it originated somewhere
else, like in Laurasia, with a radiation in Central Americas
or the Amazon basin, where its centre of diversity cur-
rently lies.

The Africa extinction scenario and a Gondwana-origin
seems perhaps the first that comes to mind to explain the
presence of Leydigiopsis in SE Asia (Maiphae et al., 2008),
and it would mean that the genus could still be expected in
Africa in the future, after more intense surveys on the huge
continent. In fact, a Gondwana vicariant pattern is the gen-
eral and mostly favoured assumption to explain disjunc-
tions of this type in other groups as well, but not necessarily
the correct or the only one (Christenhusz and Chase, 2013).
Africa likely underwent severe extinctions in the Cladocera
and the continent is among the poorest studied regions in
the cladocerans, yet with high potential for endemic zones
such as Southern Africa (Van Damme et al., 2013a), where
we might expect another vicariant. There is a link between
several of the South African endemics (which are poorly
known) and Australia, but not with SE Asia (Van Damme
et al., 2013a). However, Leydigiopsis has never been found
in any of the other major Gondwana fragments in the trop-
ics, such as Africa, India, Sri Lanka, Madagascar or Aus-
tralia. For a modern distribution to appear Gondwanan, it
should involve more than one ocean basin (Nelson and
Ladiges, 2001). Even though India, Sri Lanka (Chatterjee
et al., 2013), large portions of Africa (Van Damme et al.,
2013a, 2013b) and Madagascar are not well known, Aus-
tralia is better investigated for Cladocera. We can rule out
Leydigiopsis from the Western ghats in India, where a wide
range of habitats is recently investigated (S. Padhye, un-
published data) and the taxon does not occur in rich sam-
ples collected from Madagascar (H.J. Dumont, unpublished
data), or south of Chatterjee’s partition in India (Chatterjee
and Scotese, 1999), where typically Gondwanan elements
are expected. The habitat would not be the major bottleneck
in warm regions, because the fact that the ephippia can
withstand periods of drought, would allow these species to
colonise similar conditions in Africa, even though extensive
swamp areas are not as common in the lowlands of the
Afrotropics (and much more extensive in SE Asia). Until
now, there is definitely no Leydigiopsis in similar habitats
in Africa, such as the Okavango (Republic of South
Africa/Botswana), while other circumtropical genera are
present there (Notoalona, Euryalona, Anthalona, etc.).
There is no reason why increased aridity on the African
continent would have caused the extinction of Leydigiopsis,
as these animals reside very well in highly temporary sys-
tems, such as the dune pools in NE Brazil (Van Damme and
Dumont, 2010). So the extinction in Africa, and in fact, the
extinction in all other Gondwana fragments such as Aus-
tralia or mainland India, becomes hard to understand. If
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Leydigiopsis had taken the southern transantarctic dispersal
route in a Gondwanan scenario (Sanmartin and Ronquist,
2004), then it would have been expected south of the Wal-
lace line or in more southern portions of South America,
which is not the case. The penetration of Leydigiopsis into
South America seems to come from the north (from Central
America to middle of South America), not from the south.

The boreotropics hypothesis is perhaps more plausible
than the African extinction scenario, because it does not
require searching for an explanation as to why Leydigiop-
sis is absent in other Gondwana fragments, besides the
possibility of undersampling. As for tropical plants, many
faunal elements might not have reached Africa, a conti-
nent which lacks the everwet rain forest components of
wet rain forest floor, herbs/orchids/palms/understory trees
etc., while the semi-deciduous flora has about the same
diversity as in other tropical areas (Morley, 2000). It also
corresponds to the ejected relicts hypothesis and the
Cenozoic signature on the extant Cladocera (Korovchin-
sky, 2006). The distribution pattern in Leydigiopsis is dif-
ferent from most tropical Amphi-Pacific or trans-Pacific
disjunctions, because it does not involve New Zealand or
Australia or the western or southern portions of South
America. Instead, it includes Indochina, Assam on the
Oriental side and Mexico+Central America and the North-
to Central East portions of South America on the Neotrop-
ical side (Fig. 9). This is exactly the distribution expected
for the boreotropics hypothesis and that is well-studied in
plants, as the genus could have expanded southwards
from the north to the southeast and central east portions
of South America. Leydigiopsis would never have been
in Africa in the first place, and it could be Laurasian, not
Gondwanan, in origin. Recently, Kotov and Taylor (2011)
suggested an important Laurasian Cenozoic signature for
Daphnia/Ctenodaphnia as well and it is possible that
Laurasia (even though this was never a truly united land-
mass) was an important region for evolution of the
Anomopoda. In India, Leydigiopsis occurs in Assam but
not further south, therefore it is not present in any of the
Gondwanan refuge areas, so there is no evidence to sug-
gest that it was part of the Indian Ark fauna and thus
would have previously occurred in Africa — if this taxon
had occurrences in the Western Ghats or Sri Lanka,
African extinction would be the obvious explanation, but
that is not the case (R. Morley, personal communication).
It is not unthinkable that populations of Leydigiopsis were
fragmented with the habitat itself and thus a comparison
with the biomes to which the habitat belongs and the as-
sociated tropical flora (which is much better studied), is
not far-fetched. The possibility of chydorid taxa being
widely distributed in an everwet tropical forest floor, in
swamps and wetlands stretching out across Eurasia and
North America during the Eocene in a continuous warm
climatic belt, with relatives in Central America and the

Asian tropics, until cooling pushed the taxa further south-
wards and caused extinction in North America and the
Palaearctic, should at least be considered. As Christenhusz
and Chase (2013) noted on boreotropical plants: thus, re-
lationships of these lineages in South America are not di-
rectly linked to African taxa...; they also date from much
more recent times (30-40Mya rather than > 65Mya).
Townsend et al. (2011) suggested the same age for the SE
Asian-Mexican disjunction in dibamid lizards using mo-
lecular methods and noted the importance of the
boreotropical forest belt for the dispersal of their group.
We suggest that the biome has played a crucial role in
aquatic invertebrate dispersal during the Eocene as well.
In fact, the early Cenozoic was a period of intense faunal
and floral exchange for all groups: it was the most impor-
tant time for high-latitude exchange of thermophilic taxa
between the Eurasian and American faunas through the
Beringian land bridge on the Pacific side (55-35Mya ago)
and the Thulean bridge (ca. 55-50Mya) and De Geer route
on the Atlantic side (McKenna, 1983; Tiffney, 1985;
Keogh, 1998; Rose, 2006; Archibald et al., 2011;
Townsend et al., 2011; Guo et al., 2012). The boreotropics
hypothesis for plants (e.g. Tiffney, 1985) can be used, like
the theory of ousted relicts for terrestrial arthropods (e.g.
Eskov and Golovatch, 1986), to explain tropical trans- and
Amphi-Pacific disjunctions by a southern migration of
previously more northern taxa due to climate cooling in
the Cenozoic. The ejected relicts hypothesis on Cladocera
(Korovchinsky, 2006) does not contradict the former, al-
though it does not specify on trans-Pacific or Amphi-Pa-
cific disjunctions.

As the boreotropics consisted of evergreen wet tropi-
cal forests, it is likely that there was a large habitat conti-
nuity, under the same tropical climatic conditions of
detritus-rich freshwater habitats in the form of swamps
and temporary shallow forest pools with a lot of leaf litter
and humic substances. We found Leydigiopsis in swamps
in Thailand habitats which have a highly relictual charac-
ter (Morley, 2013; Morley and Morley, 2013) often from
deforested regions harbouring significant endemism and
diversity. The habitat clearly plays an important role in
cladoceran evolution (Van Damme et al., 2013b). In Viet-
nam, we found Leydigiopsis in a forest pool, rich in leaf
litter, which is no doubt a habitat as old as tropical forests
themselves that has been continuous through time.

Therefore, not only the biome (boreotropics) might
have been important for the dispersal and evolution of
megathermal floras and terrestrial animals, but for the dis-
tribution and the evolution of stenothermic, tropical fresh-
water zooplankton as well. However, if the boreotropics
played such a crucial role, it remains unclear why no more
cladoceran lineages than the ones suggested here, have an
Amphi-Pacific disjunction. Closer taxonomical revisions
and molecular analysis on circumtropical cladoceran line-
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ages, should shed a clearer light on this issue in the future.

At present, our knowledge of the African faunas is too
limited (Van Damme et al., 2013a) to completely rule out
the presence of Leydigiopsis on the latter continent (a sim-
ilar case might be true for India; Chatterjee et al., 2013).
However, this study highlights the need for more biogeo-
graphical research in the cladocerans and the need to be
open to different hypotheses that could be tested by using
molecular methods. We hope that this work can increase
the attention to tropical Amphi- and trans-Pacific disjunc-
tions in freshwater invertebrates and spur researchers in
zooplankton biogeography to explore more hypotheses
besides a Gondwana vicariance scenario. As Eskov and
Golovatch (1986) suggested for millipeds: any attempts
at deriving the recent patterns directly from ancient con-
tinental drift like Gondwanaland fragmentation must be
cautioned. Also for chydorid lineages with intercontinen-
tal distributions, falling under Frey’s (1986, 1987) vicari-
ance scenario, we should be open to other hypotheses. For
Cladocera biogeography, we think that the importance of
evolution in Laurasia and in particular, the importance of
boreotropics, deserve closer attention.

Undersampling of shallow pools and swamps in the
tropics

The scarcity of this species in the Oriental region could
partly be linked with a human-mediated destruction of its
habitat. Swamps in SE Asia are under major threat of in-
frastructure works and many have disappeared before their
cladocerans were studied (e.g. in Thailand; Van Damme et
al., 2013Db). A similar case was recently mentioned for the
endemic Cladocera in South Africa, where temporary
pools, considered important for microcrustacean evolution,
are understudied ephemeral habitats vulnerable to destruc-
tion (Van Damme et al., 2013a). Though Leydigiopsis will
undoubtedly still be found in more localities in SE Asia, it
actually faces local risk of extinction through a decline of
its habitat, which harbours other rare endemics. The typical
habitat for Leydigiopsis may be an example of how ancient
chydorid habitats looked like in the tropics, which covered
a larger area, temporary swamp-like habitats playing an im-
portant role in cladoceran evolution and divergence. With
the disappearance of such habitats and their specialised dis-
junct faunas, the science of biogeography itself is under
threat (Schram, 2008), therefore a continuation of survey
efforts and taxonomy are important, not only from a biodi-
versity perspective.

Even though in all of the above we have been mainly
following the assumption that this is a natural disjunction,
it is impossible to exclude that undersampling of the partic-
ular habitat in which Leydigiopsis resides, and of complete
regions (e.g. in Africa), could be behind the current observed
pattern. All kinds of disjunctions exist in the Cladocera, and
certainly not all can be explained by natural processes, yet

result from our lack of knowledge. Besides undersampling
and our poor knowledge of the Cladocera in the Afrotropics,
temporary pools and swamps are strongly underestimated
habitats in zooplankton surveys anywhere, yet this is where
the true diversity of the Cladocera resides (Van Damme et
al., 2013a, 2013b). Taxonomical resolution is definitely an
obstacle in the majority of the Cladocera examples that we
listed, where revisions are still needed. This is a general phe-
nomenon for SE Asia (Korovchinsky, 2013) and in fact, for
other regions as well (Forrd ef al., 2008). In the absence of
unambiguous pre-Pleistocene chydorid fossils, molecular
methods could be most helpful in understanding historical
biogeography by allowing an age estimation of species di-
vergences. For purely stenothermic/tropical cladoceran gen-
era like Leydigiopsis, no molecular phylogenetic work,
comparing species from different continents, has been car-
ried out so far. In general, extensive molecular phylogenies
have mostly focused on the planktonic groups, in particu-
larly on the Daphniidae (Adamowicz et al., 2009), and pub-
lications on molecular data of the Chydoridae are poor
(Sacherova and Hebert, 2003; Van Damme et al., 2007). A
sequence of the 18S nuclear ribosomal gene is available for
L. curvirostris from Brazil (Van Damme et. al., 2007), but
it lacks a comparison with other Leydigiopsis species or re-
lated genera. Also, intergenic spacers ITS1-2 have been se-
quenced as part of the latter study, and these nuclear
ribosomal markers can be used, in combination with other
markers, to have a rough idea on an age of divergence in
chydorid lineages, as demonstrated for the Chydorus
sphaericus-complex. The nuclear ribosomal sequence of L.
curvirostris can be a useful start, but more markers should
be investigated [e.g. 16S, ¢ oxidase subunit I (COI), efc.],
preferably of all species in the genus and in comparison with
other genera (e.g. Euryalona, Tretocephala, Miralona, etc.).
This would allow us — at least roughly — to assess whether
the observed pattern of divergence in Leydigiopsis could be
indeed mainly Cenozoic, as the boreotropical migration sce-
nario would imply, and whether the split of the Oriental
species comes before or after divergence of the Neotropical
species. There is an urgent need for molecular screening of
the non-planktonic cladoceran taxa from tropical Asia,
which should be performed by regional institutes to allow a
firm understanding of biogeography, diversity and evolution
in the group. DNA barcoding of several Neotropical taxa
has been undertaken in Mexico (e.g. Elias-Gutiérrez et al.,
2008), which is based on firm taxonomy, but a wider taxon
sampling and a screening at higher levels (genera), remains
a task for the future. Also, a better understanding of the fossil
record is very important, and in fact it seems possible with
a focused effort (Kotov, 2007).

Unfortunately, undersampling, the need for taxonom-
ical revisions and the scarcity of molecular and fossil data,
currently remain major obstacles for the interpretation of
any biogeographical pattern in the non-planktonic tropical
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freshwater cladocerans. In fact, the same is true for most
of the other zooplankton groups (rotifers, copepods) or
even freshwater invertebrates in general. We have shown
here that trans- and Amphi-Pacific disjunctions may occur
in zooplankton as well and that the pattern has not been
well-studied. A focus on the tropical disjunctions in
aquatic invertebrates, such as the speciose non-planktonic
Cladocera, will help us to understand more about biogeo-
graphical patterns and evolution of the group as a whole.

CONCLUSIONS

The SE Asian/Oriental Leydigiopsis is a morphologi-
cally separate species, easily distinguished from all
Neotropical taxa. We suggest that the genus has a relictual
distribution, i.e. the current disjunction is not a recent dis-
persal event or a human introduction from the Neotropics.
Representatives of this stenotherm lineage and the corre-
sponding habitat were more widespread in the past and
disappeared from connecting regions, leaving a relict
species in SE Asia. We propose that the Amphi-Pacific
disjunction of Leydigiopsis species may well parallel trop-
ical flowering plant taxa with similar relictual distribu-
tions. The disjunction resembles a boreotropical migration
scenario, in analogy with plants, although we cannot rule
out an African extinction scenario or even an artefact due
to the limited knowledge of the Afrotropical cladocerans.
While we cannot know where the genus originated, the
current centre of diversity of Leydigiopsis lies in Central
and South America. The habitat, i.e. tropical swamps, is
important for our understanding of anomopod biogeogra-
phy and diversity, while at the risk of disappearing.

To think about biogeography in the Anomopoda may
significantly benefit from a comparison with well-studied
plant groups showing similar patterns of distribution when
keeping in mind that the ephippia, the anomopod propag-
ules for dispersal, can be regarded — from a biogeographical
point of view — as microscopic seeds. We have attempted
to explore some parallels here and we think that much more
can be learned in Anomopoda from a closer examination
of their dispersal mechanisms, in comparison with the bio-
geographical scenarios in plants, where the diversity, the
fossil record and molecular data are considerably richer.
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COMMENTS

Although unusual, we include a few remarks here by
the reviewers, as valuable points in the discussion. Dr. Ko-
rovchinsky remarked that: The authors support a relict-
ualistic direction in zoogeography and this is the right
position. At the same time, they mostly discuss the
boreotropical hypotheses and Africa extinction hypothe-
ses, favouring the former one. In other words, they con-
nect the origin of Leydigiopsis in any case with only one
of the ancient landmasses. However we know too little to
do this and to propose the absence of the group in Africa
and other regions seems not realistic. In pre-Oligocene
times, when climate in general did not have the sharp gra-
dations with appeared later and formed the recent well-
delineated tropical and boreal zones, most probable the
organisms, including Leydigiopsis, had global or at least
very wide distribution. Then, along with climatic and ge-
ological perturbations, the mass extinctions and biome's
reconstructions followed and different groups that not
went extinct, survived here and there as relicts. Leydi-
giopsis probably did the same, but it is unknown where its
recent range comes from. From Pangea? Probably (pos-
sibly)... In particular, the western tropical part of Africa,
where some cladoceran endemics are known, is really
poorly sampled and investigated, at least worse than
Thailand. We agree with Dr. Korovchinsky that the lack
of knowledge of the African faunas (Van Damme et al.,
2013a) and in particular of Western Africa, is a major
problem in interpretation of such disjunctions in the
Cladocera. The fact that a similar pattern has been well
investigated in plants and other groups, prompted us to
propose the boreotropics hypothesis as a potential and
useful alternative, worth considering when investigating
cladoceran biogeography. We do not (and cannot) rule out
the former possibility (former presence in Africa and other
Gondwana fragments), yet we find it useful here to ex-
plore more than Gondwanan scenarios alone and explore
parallels with other groups (e.g. plants) where the fossil
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record is very rich. Furthermore, a Laurasian origin rather
than a Pangean origin could also be an alternative to con-
sider. Another remark was given by Dr. Morley: The ar-
gument against an African route or a trans-Pacific route,
could be made a lot stronger by linking climate continuity,
habitat continuity and tectonics — more can be made of
the absence in Madagascar, Sri Lanka and the Ghats, and
the absence of records in India southward of Chatterjees
Partition. If a boreotropical group, it would have become
relict along the southern coast of the N American plate in

the Miocene, then dispersed south with the formation of
the Panama isthmus, then contracted its range following
Pleistocene Glaciation. The latter remark is very useful
in considering the boreotropics as a valid alternative hy-
pothesis to the African extinction scenario.

Key to the adult parthenogenetic females of Leydigiop-
sis Sars, 1901

Our revised key of the Leydigiopsis species of the
world (Fig. 11) builds on Smirnov (1971), updated with

Character
.
I ey Vi Postabdomen
%’Wfﬁf“%””
lipppi i %
Leydigiopsis megalops Fﬁr’ i M”’ =
@ Rostrum
E
Leydigiopsis brewrostr/s
@ M @ Rostrum
Leydigiopsis curwrostrls
%( E :'%: % A2 end seta
Leydigiopsis ornmata Leydigiopsis pulchra

Fig. 11. Pictorial key to the adult parthenogenetic females of the genus Leydgiopsis Sars, 1901. The key is based on Smirnov (1971),
updated with the recent revisions and it includes the new species.
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observations and redescriptions from Valdivia Villar

(1984), Sinev (2004b), Van Damme and Dumont (2010)

and this study.

1. Postabdomen broad, with maximum height near the
middle of the postanal margin.............c.cceeveevervenennn. 2
Postabdomen narrow, widening distally, with maxi-
mum height close to the end of postabdomen.............
....... Leydigiopsis megalops Sars, 1901 (Neotropics)

2. Rostrum reaching beyond the antennular aesthetascs.

Rostrum not reaching beyond the antennular aes-
thetascs.......... Leydigiopsis brevirostris Brehm, 1838
....................................................................... (Brazil)

3. Rostrum weakly curved .........ccoovevieriieieiieieie,
Rostrum strongly curved inwards
curvirostris Sars, 1901 (Neotropics)

4. Seta on the first segment of the antennal endopod
short, just reaching over the second endopod segment.
Apex of labral keel acute............ Leydigiopsis ornata
.......................................... Daday, 1905 (Neotropics)
Seta on the first segment of the antennal endopod
long, reaching the end of the third endopod segment
or beyond. Apex of labral keel blunt ......Leydigiopsis
pulchra n. sp. (Indochina, Assam)
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