Arthropoda Selecta 22(3): 217226

© ARTHROPODA SELECTA, 2013
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ABSTRACT. The first extensive investigation of
Cladocera from Northern and Western Thailand has
revealed eight species of the family Sididae (Diaphanosoma 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 szalayi (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 species of Diaphanosoma have been recorded as sympathric. A few species of the Sididae of northern origin
found earlier in Northeastern Thailand were not encountered in the regions under consideration, probably
due to their comparatively higher elevation and isolation 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 isanensis, including its representatives from Laos and Cambodia, has allowed to analyze size-frequency distribution and age-dependent morphological variability, to
describe males of the subspecies for the first time and
to summarize data of subspecies distribution throughout Southeast Asia.

ÐÅÇÞÌÅ.Ïåðâîå îáøèðíîå èññëåäîâàíèå Ñladocera èç Ñåâåðíîãî è Çàïàäíîãî Òàèëàíäà âûÿâèëî
âîñåìü âèäîâ ñåìåéñòâà Sididae (Diaphanosoma 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 szalayi (Daday, 1898)),
èç êîòîðûõ äâà ïåðâûõ âèäà íàèáîëåå øèðîêî ðàñïðîñòðàíåíû è îáèëüíû, òîãäà êàê D. senegal isanensis
è D. elongatum îêàçàëèñü ðåäêèì èëè èñêëþ÷èòåëüíî ðåäêèì âèäîì, áóäó÷è íàéäåíû, ñîîòâåòñòâåííî,
â ÷åòûð¸õ è îäíîì ìåñòîíàõîæäåíèè. Âèäû Sididae
ñîñóùåñòâîâàëè â ðàçëè÷íûõ êîìáèíàöèÿõ, ñðåäè
íèõ áûëè íàéäåíû äî òð¸õ âèäîâ ðîäà Diaphanosoma,
æèâóùèõ âìåñòå. Íåìíîãèå âèäû Sididae ñåâåðíîãî
ïðîèñõîæäåíèÿ, íàéäåííûå ïðåæäå â Ñåâåðî-Âîñòî÷íîì Òàèëàíäå, íå áûëè îáíàðóæåíû â ðàéîíàõ
èññëåäîâàíèÿ, âåðîÿòíî, âñëåäñòâèå èõ áîëüøåé âûñîòû íàä óðîâíåì ìîðÿ è èçîëÿöèè îò âëèÿíèÿ êðóïíûõ ðåê, òåêóùèõ ñ ñåâåðà è ñïîñîáñòâóþùèõ ìèãðàöèè âîäíûõ îðãàíèçìîâ â þæíîì íàïðàâëåíèè.
Äîïîëíèòåëüíîå èññëåäîâàíèå D. senegal isanensis,
âêëþ÷àÿ ïðåäñòàâèòåëåé èç Ëàîñà è Êàìáîäæè, ïîçâîëèëî ïðîàíàëèçèðîâàòü ðàçìåðíî-âîçðàñòíîå ðàñïðåäåëåíèå è âîçðàñòíóþ ìîðôîëîãè÷åñêóþ èçìåí÷èâîñòü, ñäåëàòü ïåðâîå îïèñàíèå ñàìöîâ ïîäâèäà
è ñóììèðîâàòü äàííûå ïî åãî ðàñïðîñòðàíåíèþ â
Þãî-Âîñòî÷íîé Àçèè.
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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 publication on Cladocera from one stream in Western Thailand 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 Center of Khon Kaen University made it possible to evaluate the frequency of the occurrence of different cladoceran groups inhabiting water bodies in Northern
and Western Thailand, with special attention to representatives of the family Sididae which often plays the
primary role in local aquatic communities. Investigation of some additional samples from adjacent countries, Laos and Cambodia, yielded more data on the
rare species Diaphanosoma senegal isanensis in Southeast 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, northeastern, central, eastern, western and southern regions.
The northern and western regions (Fig. 1) of the country are characterized by the presence of high mountains
(average elevation about 1500 m a.s.l.) and consequently a more seasonal climate, the latter region hosts
much of Thailands 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 collected in 20002002 and 2007, and studied in November
2010.The selected specimens were analyzed further at
the Institute of Ecology and Evolution (Moscow, Russia). 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

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 microscopes Olympus SZX9 and Lomo-10 with a special
Bogorov chamber for zooplankton quantitative investigation; 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 senegal isanensis was found in the following four localities
in Northern Thailand: 1) unknown water body, Phitsanulok 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 locality 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 parthenogenetic female.

Results
Sididae and other Branchiopoda
Members of the family Sididae were found in 277
localities (78% of localities with Cladocera) while other 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 Cyclestherida were found comparatively frequently (in
7% of localities) but other members of the group seemed
very rare.
Among Daphniidae, Ceriodaphnia was most common (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.
Ðèñ. 1. Ðåãèîíû Ñåâåðíîãî (NT) è Çàïàäíîãî (WT) Òàèëàíäà, ãäå áûëè ñîáðàíû èññëåäîâàííûå ïðîáû.

encountered (in 35% of localities) than those of Moinodaphnia (4%). In Bosminidae, Bosminopsis was much
more common (in 14% of localities) than rare representatives 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 diaphanosomas 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 deformed female with a body length of 0.70 mm. D.
senegal was represented by recently described subspecies D. senegal isanensis [see Korovchinsky and Sanoamuang, 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 species is now known as the only species of the genus in
southern Asia [Korovchinsky, Sanoamuang, 2008a; Korovchinsky, 2010]. Both species, especially the former
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Fig. 2. Frequency of occurrence of representatives of different Branchiopoda groups.
Ðèñ. 2. ×àñòîòà âñòðå÷àåìîñòè ïðåäñòàâèòåëåé ðàçíûõ ãðóïï Branchiopoda.

Fig. 3. Frequency of occurrence of representatives of Daphniidae, Moinidae and Bosminidae.
Ðèñ. 3. ×àñòîòà âñòðå÷àåìîñòè ïðåäñòàâèòåëåé ñåìåéñòâ Daphniidae, Moinidae è Bosminidae.
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Fig. 4. Frequency of occurrence of Sididae species.
Ðèñ. 4. ×àñòîòà âñòðå÷àåìîñòè âèäîâ ñåìåéñòâà Sididae.

Fig. 5. Frequency of occurrence of most characteristic planktonic cladoceran assemblages.
Ðèñ. 5. ×àñòîòà âñòðå÷àåìîñòè íàèáîëåå õàðàêòåðíûõ ïëàíêòîííûõ ãðóïïèðîâîê êëàäîöåð.
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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, c  0.69 mm, d  0.75 mm) (sample 327).
Ðèñ. 6. Âîîðóæåíèå çàäíåãî êðàÿ ñòâîðîê îñîáåé Diaphanosoma senegal isanensis ðàçíîãî âîçðàñòà è ðàçìåðà (a  0,53 ìì,
b  0,62 ìì, c  0,69 ìì, d  0,75 ìì) (ïðîáà 327).

one, were comparatively rare (in 2% and 6% of localities, respectively).
Most cladoceran populations were represented exclusively by parthenogenetic females. Gamogenetic individuals (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 Thailand, 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 Diaphanosoma, Moina, Ceriodaphnia, Daphnia, Bosminopsis
and Bosmina were encountered in all possible combinations; 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 2036 localities each) (Fig. 5). Combinations of four-five planktonic taxa were also comparatively common while the assemblages of six taxa (D.
excisum, D. dubium, D. sarsi, Ceriodaphnia, Bosminopsis, Moina (or Bosmina instead)) were found twice,
and seven taxa (D. excisum, D. dubium, D. elongatum,
Daphnia lumholtzi, Moina, Ceriodaphnia, Bosminopsis) 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).
Òàáëèöà 1. Ìàòðèöà ñëó÷àåâ ïàðíîãî ñîñóùåñòâîâàíèÿ âèäîâ Sididae (ÿ÷åéêè, óêàçûâàþùèå íà ïðèñóòñòâèå îäíîãî
âèäà, îòìå÷åíû æèðíûì øðèôòîì).

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.
Òàáëèöà 2. Ñëó÷àè ñîñóùåñòâîâàíèÿ òð¸õ  ÷åòûð¸õ âèäîâ Sididae

D.
excisum
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

D.
sarsi

D.
dubium
XXXX

XXXX

XXXX
XXXX

XXXX
XXXX
XXXX

XXXX
XXXX

D.
volzi

D. elongatum

D.
senegal
XXXX

XXXX
XXXX
XXXX

L.
australis
XXXX

P.
szalayi
XXXX

XXXX

in such an occurrence. Also, D. elongatum (not included in Table 2), was found in one sample with D. excisum 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 prominent. Species of Diaphanosoma formed three-species
assemblages in nine localities, in four of them D. excisum 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-occurrence 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 earlier [see Korovchinsky & Sanoamuang, 2008b]. At the
same time, their posterior valve margin was observed
as sometimes having more numerous upper large denticles (up to 25) while the lower small ones number only
310 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 38 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 isanensis found in one locality (Northern Thailand, sample N

XXXX

XXXX
XXXX
XXXX

Number of
species
3
3
3
3
3
4
4
4

Number of
localities
1
1
4
1
2
1
1
1

327) allowed the investigation of age-dependent morphological 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. 6bd). This probably implies secondary evolutionary transformation of the posterior valve margin of the
species. Also the smallest individuals with body length
0.500.69 mm had only 3 and 7 setae 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 12 eggs of ovalelongated shape (0.260.27 x 0.100.11 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 appendages, in larger adult individuals (0.750.91 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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Fig. 7. Size-frequency structure of Diaphanosoma senegal isanensis specimens (sample 327) (arrow indicates body size of smallest
female with parthenogenetic eggs in brood pouch): Columns: grey  juvenile and adult parthenogenetic females, black  males, white 
gamogenetic females.
Ðèñ. 7. Ðàçìåðíî-âîçðàñòíàÿ ñòðóêòóðà îñîáåé Diaphanosoma senegal isanensis (ïðîáà 327): (ñòðåëêà óêàçûâàåò ðàçìåð òåëà
ñàìêè íàèìåíüøåãî ðàçìåðà ñ ïàðòåíîãåíåòè÷åñêèìè ÿéöàìè â âûâîäêîâîé êàìåðå). Êîëîíêè: ñåðûå  þâåíèëüíûå è âçðîñëûå
ïàðòåíîãåíåòè÷åñêèå ñàìêè, ÷åðíûå  ñàìöû, áåëûå  ãàìîãåíåòè÷åñêèå ñàìêè.

densely situated setules (Fig. 8bc). Distal end of antennal basipodite with a large sharp thorn on its outer
side (Fig. 8d). Hook on the end of endopodite of thoracic 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 appendages 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 allows 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 predominate followed by Daphniidae and Moinidae. All other
taxa were more sporadic or rare, especially those of
large Branchiopoda. Generally, the encountered characters of taxa frequency distribution, further confirms
the previously outlined specificities of tropical zooplankton: predominance of few common eurytopic species 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, consisting of eight species (D. excisum, D. sarsi, D. volzi, D.
dubium, D. senegal, D. elongatum, Latonopsis australis, Pseudosida szalayi). At the same time, two species
known in the latter regions (Sida crystallina s.l. (O.F.
Müller) and D. macrophthalma Korovchinsky et Mirabdullaev) 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-temperate forms to the south throughout their basin. On the
other hand, the frequent occurrence of mostly subtropical-temperate D. dubium in these northern and western 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 rivers
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 Korovchinsky, 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 representative of planktonic cladocerans, was also recorded
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Fig. 8. Diaphanosoma senegal isanensis, male (sample 327): a  general lateral view, b, c  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 females brood pouch.
Ðèñ. 8. Diaphanosoma senegal isanensis, ñàìåö (ïðîáà 327): à  îáùèé âèä ñáîêó, b, c  ñåòóëû ðàçíûõ ÷àñòåé àíòåííóëû, d 
êðóïíûé øèï âíåøíåé ñòîðîíû äèñòàëüíîãî êîíöà áàçèïîäèòà, å  êîïóëÿòèâíûé ïðèäàòîê, f  êðþ÷îê òîðàêàëüíîé êîíå÷íîñòè ïåðâîé ïàðû, g  ñòîéêèå ÿéöà â âûâîäêîâîé êàìåðå ñàìêè.

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 locality) though the former one seemed more frequent, being 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. australis and P. szalayi was conspicuously lower in the
former region.
The representatives of Sarsilatona were fragmentarily 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 further.
Thus, it may be concluded that the species richness
of Sididae in Northern and Western Thailand is comparatively impoverished which has also been seen from
the recording of less numerous multispecies assemblages of the group (12 instead of 43 in the Northeastern Thailand) represented by a lower number of species (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).
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