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ABSTRACT. The first extensive investigation of
Cladocera from Northern and Western Thailand has
revealed eight species of the family Sididae (Diapha-
nosoma excisum Sars, 1885, D. dubium Manuilova,
1964, D. sarsi Richard, 1894, D. volzi Stingelin, 1905,
D. senegal isanensis Korovchinsky et Sanoamuang,
2008, D. elongatum Korovchinsky et Sanoamuang,
2008, Latonopsis australis Sars, 1888, Pseudosida sza-
layi (Daday, 1898)) among which two former species,
Diaphanosoma excisum and D. dubium, were most
widely distributed and abundant; while, D. senegal
isanensis and D. elongatum were rare or extremely
rare, found only in four and one locality, respectively.
Sididae species were often observed co-occurring in
different combinations, among them up to three spe-
cies of Diaphanosoma have been recorded as sympath-
ric. A few species of the Sididae of northern origin
found earlier in Northeastern Thailand were not en-
countered in the regions under consideration, probably
due to their comparatively higher elevation and isola-
tion from the influence of large rivers flowing from the
north and promoting the migration of aquatic species to
the south. Additional investigation of D. senegal isan-
ensis, including its representatives from Laos and Cam-
bodia, has allowed to analyze size-frequency distribu-
tion and age-dependent morphological variability, to
describe males of the subspecies for the first time and
to summarize data of subspecies distribution through-
out Southeast Asia.

PE3IOME. IlepBoe obmmpHoe nccnenoanue Clado-
cera u3 CeBepHoro u 3amagHoro TaunaHja BBISBUIIO
BoceMb BHJIOB cemeiicTBa Sididae (Diaphanosoma exci-
sum Sars, 1885, D. dubium Manuilova, 1964, D. sarsi
Richard, 1894, D. volzi Stingelin, 1905, D. senegal
isanensis Korovchinsky et Sanoamuang, 2008, D. elon-
gatum Korovchinsky et Sanoamuang, 2008, Latonopsis
australis Sars, 1888, Pseudosida szalayi (Daday, 1898)),
U3 KOTOPBIX JIBa MEPBBIX BUjA HAHOOJIEE IHUPOKO pac-
MPOCTPaHEHbI M OOWIIBbHBI, TOTAA Kak D. senegal isanensis
u D. elongatum oxa3anuch PeIKUM WIN UCKITIOYUTEIb-
HO PEIKUM BHIOM, OyIydYHd HalICHBI, COOTBETCTBCHHO,
B 4ETHIPEX M OIHOM MecToHaxoxaeHuu. Buapl Sididae
COCYIIECTBOBAIM B PA3IMYHBIX KOMOHHAIHSIX, CPEIU
HUX OBUTH HAMIeHBI 10 TPEX BUIOB poaa Diaphanosoma,
xuBymux BMecte. Hemuorue sl Sididae ceBepHOTO
MIPONCXOXKICHNs, HalineHHbIe mpexkae B CeBepo-Boc-
TouyHOM Tammanze, He ObUIM OOHApy>KEHBI B paioHaX
HCCIICIOBAHUS, BEPOSTHO, BCICJACTBUE UX OOJIBIIICH BbI-
COTBI HaJl YPOBHEM MOPSI U U30JISIIMU OT BIUSTHHS KPYTI-
HBIX PEK, TEKYIINX C CEBEpa U CITOCOOCTBYIOIINX MHT-
panuy BOJHBIX OPraHU3MOB B IOJKHOM HAIPABJICHUU.
JHomnonuutenbHoe uccaenoBanue D. senegal isanensis,
BKJTIOUas mpencraBureneit u3 Jlaoca u Kambomku, mo-
3BOJIMJIO MPOAHAIM3UPOBATh PA3MEPHO-BO3PACTHOE pac-
MpeIeTICHNE U BO3PACTHYIO MOP(OIOTHYECKYIO H3MEH-
YUBOCTH, CACTATh MEPBOC OMMCAHUE CaMIIOB MOJBUA
U CyMMHPOBATh JI@HHBIE 110 €r0 PACHpPOCTPAHCHUIO B
IOro-BocTounoit A3nn.
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Introduction

During recent decades, the taxonomic diversity of
Thai Cladocera has intensively been investigated, but
mostly in the northeastern region [Sanoamuang, 1998;
Saeng-aroon and Sanoamuang, 2002; Sanoamuang,
Faitakum, 2005; Korovchinsky, Sanoamuang, 2008a]
and southern region [Sa-ardrit, 2002; Maiphae et al.,
2005, 2008] of the country while the other regions
were surveyed insufficiently. There is a single publica-
tion on Cladocera from one stream in Western Thai-
land with 40 species recorded [Sa-ardrit and Beamish,
2005]. In Northern Thailand, samples with Cladocera
were collected only in two [Kotov and Sanoamuang,
2004] and then nine localities [see Maiphae et al.,
2008], but results of the latter investigation were not
specified. Thus, these two regions of Thailand remained
practically unexplored with respect of this important
freshwater crustacean group.

The investigation of numerous samples stored in
the collection of the Applied Research Taxonomic Cen-
ter of Khon Kaen University made it possible to evalu-
ate the frequency of the occurrence of different cla-
doceran groups inhabiting water bodies in Northern
and Western Thailand, with special attention to repre-
sentatives of the family Sididae which often plays the
primary role in local aquatic communities. Investiga-
tion of some additional samples from adjacent coun-
tries, Laos and Cambodia, yielded more data on the
rare species Diaphanosoma senegal isanensis in South-
east Asia.

Study area, material and methods

Thailand is a tropical country in South-East Asia
with a monsoonal climatic regime. Based on natural
features, including landforms and drainage, Thailand is
divided into six geographical regions: northern, north-
eastern, central, eastern, western and southern regions.
The northern and western regions (Fig. 1) of the coun-
try are characterized by the presence of high mountains
(average elevation about 1500 m a.s.l.) and conse-
quently a more seasonal climate, the latter region hosts
much of Thailand’s less-disturbed forest areas.

Samples for this investigation were provided from
the personal collection of La-orsri Sanoamuang at the
Applied Taxonomic Research Center of Khon Kaen
University (Khon Kaen, Thailand). They were collect-
ed in 2000-2002 and 2007, and studied in November
2010.The selected specimens were analyzed further at
the Institute of Ecology and Evolution (Moscow, Rus-
sia). In total, 475 samples were investigated, 354 of
which contained cladocerans. Most of them (308) were
collected from Northern Thailand and fewer samples
(46) from the western provinces of the country (Fig. 1)
in water bodies of different types: lakes, reservoirs,
ponds, temporary ponds, swamps, canals and rice fields.
The majority of the samples from Northern Thailand
were collected seasonally, three times per locality, but

N.M. Korovchinsky & La-orsri Sanoamuang

due to frequent difference in species composition all of
them were regarded as being collected from different
localities. To present, the label data for many samples
and data on environmental variables of the sampling
sites have not been kept in full and this circumstance
prevented a more detailed analysis.

Samples were examined under the dissecting mi-
croscopes Olympus SZX9 and Lomo-10 with a special
Bogorov chamber for zooplankton quantitative investi-
gation; selected specimens were then studied under a
compound microscope, Olympus BX41, with a camera
lucida and a photo camera Infinity 1.

The central focus was on the family Sididae, the
representatives of which were studied in detail, while
other cladocerans were identified mostly to generic or
family level and large branchiopods only to the order
level.

The rare subspecies of Sididae, Diaphanosoma sene-
gal isanensis was found in the following four localities
in Northern Thailand: 1) unknown water body, Phit-
sanulok Prov., 11.08.2000, 4 ad, 2 juv, 2) sample 118,
pond in rice field, Srisatchanalai dt., Sukhothai Prov.,
11.08.2000, 6 ad, 1 juv, 3) sample 198, unknown local-
ity and date, 2 ad, 4) sample 327, road-side canal,
Kamphaengphet Prov., 12.04.2002, 404 ad and juv, 2
gam, and 21 males. Additionally this subspecies was
encountered in two samples from Laos (Champasak
Prov., Pathoumphone dt., 16.11. 2005 and 17.11.2005,
5 ad, 8 juv and 54 ad, 18 juv, 2 males, respectively)
and in two samples from Cambodia (Kandal Prov.,
16.06.2006, turbid pond, 28 ad, 12 juv; Kampong Cham
Prov., turbid pond, 18.10.2006, 9 ad, 1 juv).

D. elongatum Korovchinsky et Sanoamuang, 2008
was found in a sample from the Pasak Cholasit Dam
(Lopburi Prov., 5.08. 2000, 1 ad, deformed).

Abbreviations: ad — adult parthenogenetic female,
gam — gamogenetic female, juv — juvenile partheno-
genetic female.

Results

Sididae and other Branchiopoda

Members of the family Sididae were found in 277
localities (78% of localities with Cladocera) while oth-
er Branchiopoda groups were found more infrequently
(Fig. 2). Among the latter, Daphniidae, Moinidae, and
Chydoridae appeared to be most common, represented
in 36, 42, and 34% of the localities, respectively, while
others were more sporadic and less numerous. Among
large Branchiopoda, only the representatives of Cy-
clestherida were found comparatively frequently (in
7% of localities) but other members of the group seemed
very rare.

Among Daphniidae, Ceriodaphnia was most com-
mon (in 28% of localities), whereas Simocephalus and
Scapholeberis were much less common (in 8% and 4%
of localities), and Daphnia lumholtzi Sars might be
regarded as rare species (0.6%) (Fig. 3). Within the
Moinidae, Moina species were much more frequently
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Fig. 1. Regions of Northern (NT) and Western (WT) Thailand where samples were collected.
Puc. 1. Peruonst CesepHoro (NT) u 3anaguoro (WT) Taunanna, rae 650t coOpaHbl HCCIIeIOBaHHBIE TPOOBI.

encountered (in 35% of localities) than those of Moin-
odaphnia (4%). In Bosminidae, Bosminopsis was much
more common (in 14% of localities) than rare repre-
sentatives of Bosmina (1%).

Species richness and frequency distribution of
Sididae

In total, eight species of the family were found (Fig.
4), among which members of the genus Diaphanosoma
were most numerous, being represented by six species.
Only two of these species were common, D. excisum
Sars (in 69% of localities) followed by D. dubium
Manuilova (in 23% of localities). All other diaphano-
somas may be regarded as rare or very rare, for exam-

ple, D. senegal Gauthier (1%) and D. elongatum. The
latter species was found only in a single locality in
Northern Thailand, being represented by only one de-
formed female with a body length of 0.70 mm. D.
senegal was represented by recently described subspe-
cies D. senegal isanensis [see Korovchinsky and Sanoa-
muang, 2008b] found in four localities in Northern
Thailand.

Two other genera, Latonopsis and Pseudosida, were
represented by only a single species each, namely L.
australis Sars and P. szalayi (Daday). The latter spe-
cies is now known as the only species of the genus in
southern Asia [Korovchinsky, Sanoamuang, 2008a; Ko-
rovchinsky, 2010]. Both species, especially the former
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Fig. 2. Frequency of occurrence of representatives of different Branchiopoda groups.
Puc. 2. Yacrora BcTpeyaeMoCTH MpeacTaBuTeNeil pasusix rpynn Branchiopoda.
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Fig. 3. Frequency of occurrence of representatives of Daphniidae, Moinidae and Bosminidae.
Puc. 3. Yacrora BcTpewaemoctu npejcraBureneii cemeiicts Daphniidae, Moinidae 1 Bosminidae.
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Fig. 4. Frequency of occurrence of Sididae species.
Puc. 4. Yacrota BcTpeyaeMocTy BUIOB cemelicTa Sididae.
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Fig. 6. Armament of posterior valve margins of Diaphanosoma senegal isanensis specimens of different ages and sizes (a — 0.53 mm,

b — 0.62 mm, ¢ — 0.69 mm, d — 0.75 mm) (sample 327).

Puc. 6. BoopyxxeHue 3aaHero kpas CTBOpok ocodeit Diaphanosoma senegal isanensis pazHoro Bospacta u pazmepa (a — 0,53 mm,

b — 0,62 MM, ¢ — 0,69 mm, d — 0,75 mm) (poba 327).

one, were comparatively rare (in 2% and 6% of locali-
ties, respectively).

Most cladoceran populations were represented ex-
clusively by parthenogenetic females. Gamogenetic in-
dividuals (females and males) were found only in three
populations of D. excisum, all collected in August in a
roadside pond, river and reservoir in Northern Thai-
land, and in two populations of D. senegal isanensis
from Northern Thailand (N 327) and Laos collected in
April and November.

Cladoceran planktonic assemblages

The planktonic cladocerans of the genera Diapha-
nosoma, Moina, Ceriodaphnia, Daphnia, Bosminopsis
and Bosmina were encountered in all possible combi-
nations; the most common of them are represented in
Fig. 5. Among them, D. excisum was often found as the
only planktonic species of the group (in 78 localities)

followed by Moina and Ceriodaphnia (in 20 and 13
localities respectively). Among others, combinations
of the two-three most common taxa were frequently
recorded (in 20-36 localities each) (Fig. 5). Combina-
tions of four-five planktonic taxa were also compara-
tively common while the assemblages of six taxa (D.
excisum, D. dubium, D. sarsi, Ceriodaphnia, Bosmi-
nopsis, Moina (or Bosmina instead)) were found twice,
and seven taxa (D. excisum, D. dubium, D. elongatum,
Daphnia lumholtzi, Moina, Ceriodaphnia, Bosminop-
sis) were found only once.

Co-occurrence of Sididae species

Monospecific occurrences of Sididae species were
observed in about half of the localities (179), most of
them (155) were represented by D. excisum (Table 1).
Other sidids, including rare species (D. volzi Stingelin,
D. senegal isanensis, L. australis), were rarely found
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Table 1. Matrix of pairwise co-ocurrence of Sididae species (cells with the numbers of monospecific occurrences are in bold).
Tabnuna 1. Martpuna ciydaeB nmapHoro cocymectBoBanus BugoB Sididae (s4eiiku, yka3plBaloMIKe Ha MPUCYTCTBUE OJTHOTO
BHJI, OTMEUCHBI )KUPHBIM LIPUPTOM).

D. excisum | D. sarsi D. dubium D.volzi D.senegal | L. australis | P. szalayi
D. excisum 155 13 62 3 3 2 13
D. sarsi 13 3 6 4 0 0 2
D. dubium 62 6 13 1 0 2 1
D.volzi 3 4 1 1 0 0 2
D. senegal 3 0 0 0 1 0 1
L. australis 2 0 2 0 0 2 2
P. szalayi 13 2 1 2 1 2 4
Table 2. Co-occurrences of three to four species of Sididae.
Ta6nuua 2. Ciiy4yan cocyiiecTBoBaHHs TPEX — ueThIpéx Bu0B Sididae
D. D. D. D. D. elon- D. L. P. Number of | Number of
excisum sarsi dubium volzi gatum senegal australis szalayi species localities
XXXX XXXX XXXX 3 1
XXXX XXXX XXXX 3 1
XXXX XXXX | XXXX 3 4
XXXX XXXX XXXX 3 1
XXXX | XXXX XXXX 3 2
XXXX | XXXX | XXXX XXXX 4 1
XXXX | XXXX XXXX XXXX 4 1
XXXX XXXX XXXX XXXX 4 1

in such an occurrence. Also, D. elongatum (not includ-
ed in Table 2), was found in one sample with D. ex-
cisum and D. dubium. It becomes clear from the table
that the latter two most common species co-occurred
especially often.

In most cases, two species of Sididae co-occurred,
but in 12 localities a variety of combinations of three
and four species were encountered (Table 2). Again,
the most common species mentioned above were prom-
inent. Species of Diaphanosoma formed three-species
assemblages in nine localities, in four of them D. ex-
cisum together with D. dubium and D. sarsi Richard
were present. In Northern Thailand, the rare D. senegal
isanensis was found together with Anostraca only in a
single locality while in Cambodia, such a co-occur-
rence was observed in two localities.

Notes on Diaphanosoma senegal isanensis

Data on morphological variability of adult females
of this subspecies collected in Northern Thailand, Laos
and Cambodia mostly coincide with that described ear-
lier [see Korovchinsky & Sanoamuang, 2008b]. At the
same time, their posterior valve margin was observed
as sometimes having more numerous upper large denti-
cles (up to 25) while the lower small ones number only
3—10 or might be absent completely. In one female
from Laos, one valve bore three inner small spine-like,
finely plumose setae near the posterior margin instead
of the usual two setae. Lateral sides of postabdomen
bore 3-8 anal denticles, i.e., slightly more than it was
recorded before. The maximum body length in the
studied females is 1.62 mm.

A large amount of specimens of D. senegal isanen-
sis found in one locality (Northern Thailand, sample N

327) allowed the investigation of age-dependent mor-
phological variability and size-frequency distribution. In
particular, the armament of the posterior valve margin is
transformed with age from a more simple pattern in
smallest individuals (marginal denticles are small and
more uniform, lower emargination with setae is absent)
(Fig. 6a), similar to that of other diaphanosoms, to a
more complicated one in pre-adult and adult individuals
(Fig. 6b—d). This probably implies secondary evolution-
ary transformation of the posterior valve margin of the
species. Also the smallest individuals with body length
0.50-0.69 mm had only 3 and 7 setaec on the proximal
and distal segments of the upper antennal branch.

The size-frequency distribution of specimens from
the aforementioned locality is shown in Fig. 7. Most
individuals were represented by both immature and
mature parthenogenetic females in more or less equal
proportions. Minimum size of juveniles was 0.50 mm
and that of egg-bearing female — 1.06 mm, which is
slightly larger than it was recorded previously (see
Korovchinsky & Sanoamuang, 2008b: 0.99 mm). The
biggest parthenogenetic female had a body length of
1.60 mm. Most of these females had 1-2 eggs of oval-
elongated shape (0.26-0.27 x 0.10-0.11 mm) in their
brood pouches. Two gamogenetic females had body
lengths 1.23 and 1.25 mm and each bore two dark
resting eggs of oval flattened shape (0.21 x 0.16 x 0.11
mm) with a rough surface in their brood pouches (Fig.
8g). Juvenile males had body length between 0.62—
0.75 mm, undeveloped antennules and copulatory ap-
pendages, in larger adult individuals (0.75-0.91 mm)
these structures were well developed (see Fig. 8a, e).

The mature males with long antennules (53% of
body length) (Fig. 8a), having distally small, curved
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Puc. 7. Pa3mepHo-Bo3pacTHas CTpykTypa ocobelr Diaphanosoma senegal isanensis (npoba 327): (cTpesika ykas3bIBaeT pa3Mep Tela
CaMK{ HaUMEHBIIETO pa3Mepa ¢ IapTeHOIeHETHYECKUMU sillaMu B BEIBOJKOBOI kaMepe). KonoHKu: cepble — IOBEHUIBHBIC U B3POCIIBIE
MapTEHOreHETHYECKUE CAMKH, YEPHBIC — CaMIIbl, OeJIble — raMOTCHETHYECKUE CAMKH.

densely situated setules (Fig. 8b—c). Distal end of an-
tennal basipodite with a large sharp thorn on its outer
side (Fig. 8d). Hook on the end of endopodite of tho-
racic limbs of first pair massive, with small spinules on
its concave side (Fig. 8f). A long non-plumose seta
with broad base near this hook. Copulatory appendag-
es long, tubular, somewhat broadening in their distal
half (Fig. 8e).

Thus, the male specimens of D. s. isanensis do not
differ from those found earlier in India and Bangladesh
[see Korovchinsky, 1993]. Their diagnostic subspecies
features coincide with those of females.

Discussion

The present investigation of Cladocera of Northern
and Western Thailand is complementary regarding that
one provided for Northeastern and Eastern Thailand
[see Korovchinsky & Sanoamuang, 2008a] which al-
lows comparisons to be made more precisely.

The taxonomic composition at generic and higher
taxa levels of faunas in both regions are similar. The
representatives of the family Sididae always predomi-
nate followed by Daphniidae and Moinidae. All other
taxa were more sporadic or rare, especially those of
large Branchiopoda. Generally, the encountered char-
acters of taxa frequency distribution, further confirms
the previously outlined specificities of tropical zoop-
lankton: predominance of few common eurytopic spe-
cies of the genera Diaphanosoma, Moina, Ceriodaph-

nia, Bosminopsis and rarity of Daphnia and Bosmina
[see Fernando, 1980a, b].

The taxonomic composition of the family Sididae
in Northern and Western Thailand is generally similar
to that of Northeastern and Eastern Thailand, consist-
ing of eight species (D. excisum, D. sarsi, D. volzi, D.
dubium, D. senegal, D. elongatum, Latonopsis austra-
lis, Pseudosida szalayi). At the same time, two species
known in the latter regions (Sida crystallina s.1. (O.F.
Miiller) and D. macrophthalma Korovchinsky et Mira-
bdullaev) lacking from the list. This is probably due to
the isolation of Northern and Western Thailand from
the influence of large rivers flowing from the north,
mainly the Mekong River, and promoting distribution
of the latter two species and other subtropical-temper-
ate forms to the south throughout their basin. On the
other hand, the frequent occurrence of mostly subtrop-
ical-temperate D. dubium in these northern and west-
ern regions of Thailand is even higher than in the
north-eastern and eastern regions of the country and
therefore seems to be not connected with the river’s
influence. Possibly the local success of the species is
promoted by the higher elevation and milder climate of
the area because its high abundance was also observed
in the mountainous northern Vietnam [see Korovchin-
sky, 2000].

Further, the absolute dominance of D. excisum,
which is frequently present as the only representative
of Cladocera in local water bodies or as the only repre-
sentative of planktonic cladocerans, was also recorded
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Fig. 8. Diaphanosoma senegal isanensis, male (sample 327): a — general lateral view, b, ¢ — setules of different parts of
antennule, d — large thorn of basipodital distal outer end, e — copulatory appendage, f — hook of thoracic limb of first pair, g — resting

eggs in female’s brood pouch.

Puc. 8. Diaphanosoma senegal isanensis, camen (npoba 327): a — o0uuii Bua cOoKy, b, ¢ — CeTyJbl pa3HBIX YacTel aHTeHHYJIbI, d —
KPYIHBIH LU BHEIIHEIl CTOPOHBI AMCTAIBbHOIO KOHIA 0a3UIOUTA, € — KOIMYJIATUBHBIA NPUAATOK, f — KPIOUOK TOpaKalbHOH KOHEYHOC-

TH NIEPBOH Mapbl, g — CTOMKHUE Silla B BEIBOJKOBON KaMepe CaMKH.

in the waters of Northern and Western Thailand. D.
volzi, D. senegal isanensis and D. elongatum were also
rare (the latter species was found only in a single local-
ity) though the former one seemed more frequent, be-
ing found in six localities in the Northern Thailand vs
only one locality in the Northeastern Thailand [see
Korovchinsky & Sanoamuang, 2008a, b]. At the same
time, the frequency of occurrence of D. sarsi, L. aus-
tralis and P. szalayi was conspicuously lower in the
former region.

The representatives of Sarsilatona were fragmen-
tarily known only from the south of the country
[Maiphae et al., 2008; Korovchinsky, Sanoamuang,
2008a], having not been found in the regions under
consideration. Recently, these cladocerans were found
in neighboring countries, Cambodia and in the south of

Vietnam [Tanaka and Ohtaka, 2010; Korovchinsky,
2011], where they inhabit small semi permanent ponds.
Whether the absence of rare Sarsilatona from samples
in Northeastern and Northern Thailand is caused by the
southern limit of its range in Southeast Asia or simply
by a lack of their habitats needs to be elucidated fur-
ther.

Thus, it may be concluded that the species richness
of Sididae in Northern and Western Thailand is com-
paratively impoverished which has also been seen from
the recording of less numerous multispecies assem-
blages of the group (12 instead of 43 in the Northeast-
ern Thailand) represented by a lower number of spe-
cies (up to four co-occurring species of Sididae and up
to three species of Diaphanosoma instead of five and
four species, respectively, in Northeastern Thailand).



{4l

Fig. 9. The known localities of Diaphanosoma senegal isanen-
sis in Southeast Asia.

Puc. 9. UsBectubie MecToHaxoxkaeuust Diaphanosoma senegal
isanensis B YOro-BoctouHoi A3uu.

This impoverishment may be explained by the general
environmental characteristics of the region — consid-
erable elevation above sea level and its isolation from
the influence of large rivers flowing from the north and
readily promoting the migration of northern faunal ele-
ments to the south.

In Northeastern Thailand D. senegal isanensis was
found in seven localities and in Northern Thailand —
in four localities. Recently, unpublished records of the
species have also been made in the neighboring coun-
tries — southernmost Laos [Ponthalith, 2006: two lo-
calities] and Cambodia [Mahasap, 2010: four locali-
ties]. In seven of 18 known localities (Fig. 9) this
subspecies was found co-occurring with Anostraca and
rarely with other large Branchiopoda. This data further
confirms the tendency of D. senegal to form relict
faunal complexes together with other rare primitive
branchiopods. On the other hand, D. s. isanensis was
found co-occurring with other common crustacean spe-
cies, carnivore insects and fish fingerlings, which sug-
gest again that these cladocerans can withstand compe-
tition and can survive under fish predation pressure
[see Korovchinsky, 1993].
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