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ABSTRACT: The Sakaerat Biosphere Reserve (SBR), located in Northeast Thailand, has 
a high biodiversity of invertebrates, but there is no records of the water fleas (Crustacea: 
Cladocera) in this area. We investigated the cladoceran fauna, as well as the relationship 
between physicochemical variables of water and the cladoceran abundances in this reserve. 
Thirty-three species of the cladocerans were recorded. The greatest species richness was 
detected in a reservoir with 29 species (accounting for 87.9% of the total number of species), 
while the lowest number of species was noted from a pond, with four species. PCA result 
indicated that the variations in physicochemical parameters of water were associated with 
different seasons. Moreover, the CCA results showed that orthophosphate, dissolved oxygen, 
electrical conductivity, total dissolved solid and ammonia seem to be environmental factors 
influencing cladoceran composition in SBR water bodies. Information on the characters, 
distribution, and ecology of four rare cladoceran species is also provided.
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Introduction

Biosphere reserves are sites for testing 
interdisciplinary approaches for understand-
ing interactions between social and ecological 
systems (UNESCO, 2021). There are five bio-
sphere reserves in Thailand: Sakaerat Biosphere 
Reserve, Hauy Tak Teak Biosphere Reserve, 
Mae Sa-Kog Ma Biosphere Reserve, Ranong 
Biosphere Reserve, and Doi Chiang Dao Bio-
sphere Reserve (UNESCO, 2021).

The Sakaerat Biosphere Reserve (SBR) is a 
conservation area that plays an important role in 
promoting long-term ecological research for the 
protection of biodiversity, sustainable resource 
use, and ecosystem conservation (Sutthivanich, 
Ongsomwang, 2015). The area of SBR is known 
as a biodiversity hotspot in Thailand. At present, 
533 invertebrate species are known from this 
area. New species and new records are still being 
discovered (UNESCO, 2021). The SBR contains 
various types of water bodies, e.g., intermittent 
streams, reservoirs, and ponds (Plangklang et 
al., 2019). A new species of cyclopoid copepods, 

Metacyclops sakaeratensis Athibai, Wongkam-
haeng et Boonyanusith, 2022 was found there, 
and a freshwater sponge, Umborotula bogorensis 
(Weber, 1890), was also discovered recently 
(Ruengsawang et al., 2017; Athibai et al., 2022). 
These findings confirmed the opinion that the 
SBR is a biodiversity hotspot in Thailand.

Water fleas (Class Branchiopoda: Superorder 
Cladocera) in general, are speciose in freshwater 
ecosystems, they have a high diversity, frequency, 
and biomass. They comprise more than 800 
species worldwide (Kotov et al., 2013a). In 
continental inland waters, they are found in the 
pelagic, littoral, and benthic areas of different 
types of freshwater habitats (e.g. lakes, ponds, 
rivers, and swamps) (Dodson et al., 2009). The 
diversity, distribution, and taxonomy of cladoc-
erans in Thailand has been intensively inves-
tigated, throughout surface waterbodies, since 
1998 (Sanoamuang, 1998). To date, 125 species 
of cladocerans have been found in this country 
(Tiang-nga et al., 2020; Sinev et al., 2023).

Although the SBR is known to be rich in 
biodiversity, there is still a dearth of informa-
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РЕЗЮМЕ: Биосферный заповедник Сакаэрат (СБЗ), расположенный в северо-востч-
ном Таиланде, отличается высоким разнообразием беспозвоночных, однако по этому 
району нет никаких данных о ветвистоусых ракообразных (Crustacea: Cladocera). Мы 
исследовали фауну кладоцер, а также связь между физико-химическими параметра-
ми воды и численностью видов в этом заповеднике. Всего было найдено 33 вида 
Cladocera. Наибольшее видовое богатство было обнаружено в водохранилище — 29 
видов (87,9% от общего числа видов), в то время как наименьшее число видов было 
отмечено в пруду — всего четыре вида. Результаты канонического корреляционного 
анализа показали, что вариации физико-химических параметров воды связаны с раз-
ными сезонами. Результаты анализа главных компонент показали, что содержание 
ортофосфатов, растворенного кислорода, электропроводность, общее количество 
растворенного твердого вещества и содержание ионов аммония являются факторами 
среды, влияющими на состав кладоцер в водоемах СБЗ. Представлена информация 
о морфологических признаках, распространении и экологии четырех редких видов 
ветвистоусых ракообразных.
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tion on the cladoceran diversity. The previous 
study of Sinev, Korovchinsky (2013) pointed 
out that investigations in protected areas have 
importance for the comprehensive evaluation of 
microcrustacean richness. 

Thus, the objectives of this research were: 
(i) to make an inventory of the cladoceran fauna 
in the SBR, and (ii) to explore seasonal varia-
tions in the species richness and abundance of 
the cladoceran taxa, as well as (iii) to assess the 
relationship between physicochemical variables 
of water and abundance of the cladoceran species.

Material and methods
STUDY AREA. The Sakaerat Biosphere Reserve 

(SBR) is situated on the southwest edge of the Korat 
Plateau (c.a 14°31ʹN, 101°55ʹE) in Wang Nam Khieo 
and Pak Thong Chai Districts, Nakhon Ratchasima 
Province, northeastern part of Thailand (Petersen et al., 
2019). The total area of the SBR is 1632.48 km2, with 
altitude ranging from 250 to 762 m above sea level. The 
SBR comprises three types of management zones: core, 
buffer, and transition. The core area contains protected 
forest, while a buffer zone is an area of reforestation and 
plantations. Transitional areas are mainly composed of 
agricultural land (Ongsomwang, Sutthivanich, 2013). 

CLADOCERAN SAMPLING AND IDENTI-
FICATION. Cladocerans were collected from these 
eight sites at three sampling locations per site in three 
different seasons (rainy, winter and summer) between 
September 2013 and May 2014 (Fig. 1). The S1 and 
S8 water bodies are located in dry evergreen forest, 
while the S2 and S6 are situated in dry dipterocarp 
forest. The S3, S4, and S7 water bodies are located in 
areas of plantation, but S5 is in grassland. The details 
of sampling sites are shown in Table 1.

For four sites (S1, S3, S4 and S7), cladocerans 
were collected in all three seasons (rainy, winter and 
summer). For the other four sites, cladocerans could 
only be collected in specific seasons because the water 
bodies were dried during other seasons (S2: winter, S5: 
rainy and winter, S6: summer, S8: winter and summer). 
Thus, we collected 108 samples: 54 qualitative ones 
and 54 quantitative ones. The qualitative samples were 
collected using a 60 µm mesh plankton net. For quantita-
tive sampling, 20 L of water samples were taken using 
a Schindler-Patalas plankton trap, and then filtered 
through a 22 µm mesh plankton net. The specimens were 
then immediately preserved with a 4% formaldehyde 
solution. We sorted out the cladocerans specimens, 
identified them to the species level, and counted using 
an Olympus CH30 compound light microscope. The 
identification keys of Goulden, 1968; Korovchinsky, 
1992; Smirnov, 1992; Lieder, 1996; Smirnov, 1996; 
Orlova-Bienkowskaja, 2001; Kotov, Štifter, 2006 and 
particular research papers e.g., Sinev, 2016 were used.

ENVIRONMENTAL FACTORS MEASURE-
MENT. Eight physicochemical parameters were mea-
sured from the eight sites at three sampling points per 
site before collecting cladocerans: water temperature 
(°C), pH, electrical conductivity (EC, µS/cm), and total 
dissolved solids (TDS, mg/L) were detected with a 
multi–parameter, Hanna HI98129; dissolved oxygen 
(DO, mg/L) was determined by using a DO meter, 
“Oxy-Check” Hanna HI9147. Orthophosphate (PO4

3-, 
mg/L), nitrate (NO3ˉ, mg/L), and ammonia (NH3, 
mg/L) were determined by the colorimetric methods 
with a spectrophotometer, Hach DR/2400 following 
the ascorbic acid method, cadmium reduction method 
and salicylate method, respectively.

DATA ANALYSIS. The Shannon-Wiener diversity 
index (H´) (Shannon, Weaver 1949) and Pielou’s even-
ness index (J) (Krebs, 1999) were applied to estimate 
species diversity, and species-abundance distributions 
of cladocerans in each habitat. The Sørensen-Dice 
index (Cs) (Magurran, 2004) was applied to express 
the similarity in the species occurrence of cladocerans 
between two sampling localities. The dominant spe-
cies of zooplankton were determined based on the 
dominance index of each species (Y ≥ 0.02) (Gao et al., 
2008). The Shapiro–Wilk normality test was applied to 
evaluate normal distribution in data of species richness, 
abundance of cladocerans, and water quality variables. 
Data were transformed root squared to achieve normal 
distribution (Zar, 1999). The differences in number of 
species and abundance of cladocerans, as well as the 
physicochemical parameters of water among three 
seasons (rainy, winter, summer) and four habitat types 
(intermittent stream, stream, pond, reservoir) were 
analyzed using one-way analysis of variance; (one-way 
ANOVA) followed by Duncan’s multiple range test 
in IBM SPSS Statistics for Windows (version 28.0; 
IBM Corp., Armonk, NY, USA).

In addition, Chao1, Chao2, Jackknife1, Jack-
knife2, and Bootstrap estimators (Colwell, Cod-
dington, 1994) were used to estimate the number of 
species in each water habitat. The calculations were 
performed with R studio version 3.6.1. 

We performed the principal component analysis 
(PCA) to investigate the variation of environmental 
variables by season. The variables from the four 
sampling sites (S1, S3, S4, and S7) where cladocerans 
could be collected from all seasons were analyzed. 
The environmental variables were averaged from 
three sampling points at each site. Prior to analysis, 
all variables were log-transformed except for pH to 
skew distribution (Yang et al., 2005). The relation-
ship between environmental variables and species 
abundances was determined using canonical cor-
respondence analysis (CCA). In the data matrix of 
species abundance, species present in more than 1% 
of samples were included (Yang et al., 2005). These 
two multivariate analyses were conducted by PC-ORD, 
version 5.0 (McCune, Mefford 2006).
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Fig. 1. Map of the Sakaerat Biosphere Reserve (SBR), Northeast Thailand, showing the distribution of the 
eight sampling sites. Photographs demonstrate eight water bodies: A — Tham Chong-ang (S1); B — Khang 
Pa Pa Kao (S2); C — Huai Tho Khat (S3); D — Ton Krathin (S4); E — Ton Wha (S5); F — Bho Kop (S6); 
G — Ban Huai Namkhem (S7); H — Khuean Bon (S8).
Рис. 1. Карта биосферного заповедника Сакаэрат (SBR), Северо-Восточный Таиланд, на которой 
показано распределение восьми локаций отбора проб. Фотографии демонстрируют восемь водных 
объектов: A — Tham Chong-ang (S1); B — Khang Pa Pa Kao (S2); C — Huai Tho Khat (S3); D — Ton 
Krathin (S4); E — Ton Wha (S5); F — Bho Kop (S6); G — Ban Huai Namkhem (S7); H — Khuean Bon (S8).
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Results

SPECIES RICHNESS AND COMPOSI-
TION. In total, 33 cladoceran species belong-
ing to 27 genera and 7 families were recorded 
(Table 2). Chydoridae was the most diverse 

family (20 species, 60.61%), followed by Sidi-
dae (4 species, 12.12%), Daphnidae (3 species, 
9.09%), Macrothricidae (2 species, 6.06%), and 
Moinidae (2 species, 6.06%) respectively. By 
contrast, only a single species was noted from 
Bosminidae and Ilyocryptidae (3.03%) (Fig. 

Fig. 1 (continued).
Рис. 1 (продолжение).
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2). The most frequently occurring species were 
Diaphanosoma excisum (100.00% of the sam-
pling sites), followed by Chydorus eurynotus 
(87.50%), and Coronatella acuticostata, Il-
yocryptus spinifer and Simocephalus serrulatus 
(75.00%). Sixteen species were found in only a 
single water habitat. In addition, Ceriodaphnia 
cornuta and D. excisum were dominant spe-
cies in the study, representing high values of 
degree of dominance (Y), with 0.21 and 0.09, 
respectively (Table 2). 

Ban Huai Namkhem reservoir was the 
most diverse habitat containing 29 species. By 
contrast, Ton Wha pond had the lowest species 
richness (4 species only). The greatest species 
richness was reported during the rainy season 
(25 species), followed by summer (21 species), 
and winter (18 species). There was a statistically 
significant difference in species richness between 
habitat types F3,47 = 11.950, p < 0.001). The res-
ervoir showed an elevated number of species, 
with 8.27 ± 5.16 (range between 3–19 species), 
while the lowest average species richness was 
recorded in pond which was 2.71 ± 1.16 (range 
between 1–5 species) (Fig. 3A).

ABUNDANCE. The total abundance of cla-
docerans was the greatest during the rainy season, 
followed by the summer and winter, respectively. 
In the rainy season, the highest quantity of cla-
docerans were found in Tham Chong-ang inter-
mittent stream,. By contrast, the lowest number 
corresponded to Ton Krathin pond. In addition 
to winter, Ton Wha pond showed an elevated 
number of cladocerans; whereas Tham Chong-
ang had only a few individuals. During summer, 

the greatest abundance was reported in Huai Tho 
Khat. The lowest cladoceran abundance occurred 
in Tham Chong-ang, with only few individuals 
(Table 3). There was a significant difference in 
abundance of cladocerans among habitat types 
F3,47 = 8.674, p < 0.001). Intermittent stream 
showed the greatest number of cladocerans with 
2,109.71 ± 1,009.17 individuals. By contrast, the 
lowest abundance was reported in pond, with was 
53.17 ± 12.18 individuals (Fig. 3B). 

Seven species had the largest contribution to 
the community structure (Fig. 4). Ceriodaphnia 
cornuta was the most abundant species recorded 
in Tham Chong-ang stream during the rainy 
season and dominated in Huai Tho Khat stream 
in the summer. Additionally, Diaphanosoma 
excisum not only had high abundance in Tham 
Chong-ang stream in the rainy season along 
with C. cornuta, but it also exhibited an elevated 
number of individuals in Ton Wha pond during 
the same season, and Khuean Bon reservoir in 
the summer. Chydorus eurynotus had a great 
abundance in both Huai Tho Khat stream and 
Ban Huai Namkhem reservoir in the rainy sea-
son, with Ephemeroporus barroisi as well. Only 
Ilyocryptus spinifer dominated during winter in 
Ton Wha Pond. Regarding summer, Anthalona 
harti harti and Simocephalus serrulatus had 
high abundance in Bho Kop pond and Huai Tho 
Khat stream.

ESTIMATED DIVERSITY, DIVERSITY 
AND SIMILARITY INDEX. The estimated 
numbers from rarefaction analysis of five esti-
mators (Chao1, Chao2, Jackknife1, Jackknife2, 
and Bootstrap) (Fig. 5) were somewhat higher 

Sampling site 
name Code Habitat type Latitude (N) Longitude (E) Altitude (m)

Tham Chong-ang S1 intermittent stream 14°30ʹ20.22″ 101°55ʹ09.36″ 422
Khang Pa Pa Kao S2 stream 14°30ʹ55.62″ 101°55ʹ54.60″ 330
Huai Tho Khat S3 stream 14°28ʹ35.64″ 101°53ʹ17.94″ 370
Ton Krathin S4 pond 14°30ʹ20.80″ 101°54ʹ08.30″ 560
Ton Wha S5 pond 14°29ʹ20.10″ 101°52ʹ22.80″ 692
Bho Kop S6 pond 14°30ʹ32.10″ 101°55ʹ55.38″ 385
Ban Huai Namkhem S7 reservoir 14°27ʹ56.88″ 101°54ʹ11.70″ 392
Khuean Bon S8 reservoir 14°29ʹ50.00″ 101°54ʹ56.30″ 478

Table 1. General characteristics and geographical coordinates of the eight sampling localities in the 
Sakaerat Biosphere Reserve.

Таблица 1. Общая характеристика и географические координаты восьми мест отбора проб в Био-
сферном заповеднике Сакаэрат.
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than the number of observed species (33 species) 
(Table 4). This result indicated that there were 
some unseen species which could be found in 
the study areas. 

The highest Shannon-Wiener diversity index 
(H´) was reported in Ban Huai Namkhem res-
ervoir in the summer, while the greatest value 
of Pielou’s evenness index was recorded from 

Tham Chong-ang intermittent stream (Table 3). 
Tham Chong-ang stream and Khuean Bon reser-
voir demonstrated the highest similarity value, 
followed by Ton Krathin and Ton Wha ponds, 
and Bho Kop pond and Khuean Bon reservoir. 
In contrast, the lowest similarity was recorded 
for Ton Wha pond and Ban Huai Namkhem 
reservoir (Table 5).

Fig. 2. The proportion of species richness of cladocerans families in sampling sites at three seasons. 
Рис. 2. Соотношение видового богатства семейств ветвистоусых ракообразных в точках отбора проб 
в три сезона.
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Fig. 3. Boxplots show the differences in species richness (A) and abundance (B) of cladocerans in four habitat 
types, including intermittent stream (IS), stream (S), pond (P) and reservoir (R). Different letters indicate 
significant differences (p < 0.05). A cross (×) on the boxplot indicates the mean value.
Рис. 3. Боксплоты показывают различия в видовом богатстве (A) и численности (B) ветвистоусых ра-
кообразных в четырех типах местообитаний, включая периодически существующий ручей (IS), ручей 
(S), пруд (P) и водохранилище (R). Буквы обозначают достоверные различия (p < 0,05). Крестиком 
(×) обозначены средние значения.

Fig. 4. Bubble plots show a total abundance of seven dominant cladocerans in each sampling site. 
Abbreviations: R — rainy season; W — winter season; S — summer season.
Рис. 4. Пузырьковые диаграммы показывают общее обилие семи доминирующих видов ветвистоусых 
ракообразных в каждой точке отбора проб. 
Сокращения: R — сезон дождей; W — зимний сезон; S — летний сезон.

Notes on distribution and ecology of 
rare species

Alona kotovi Sinev, 2012
Fig. 6A–C.

DIAGNOSIS. A. kotovi belongs to Alona s.str. 
(“the quadrangularis-group”). It differs from the 
other species by morphology of its labrum, thoracic 

limbs and postabdomen (see Fig. 6A, B). For detailed 
description see Sinev, 2012.

DISTRIBUTION AND ECOLOGY. A. kotovi was 
first described from Vietnam (Sinev, 2012), recently 
known only in the Oriental Region (Choedchim, 
Maiphae, 2023). The species was found in a small 
forest stream, Cat Tien National Park, and a roadside 
ditch in Dong Nai National Park, Dong Nai Province, 
Vietnam (Sinev, 2012). A. kotovi was also recorded in 
several localities in other counties of Asia, including 
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Sampling site Season Species richness Abundance H´ J

S1

Rainy 2 14,760 0.51 0.73
Winter 4 7 0.87 0.79
Summer 2 2 0.69 1.00
Total 7 14,768 0.51 0.28

S2 Winter 5 72 0.80 0.50

S3

Rainy 10 246 1.17 0.53
Winter 8 29 1.44 0.69
Summer 7 2,217 0.82 0.42
Total 16 2,491 1.04 0.38

S4

Rainy 4 26 0.55 0.50
Winter 3 61 0.85 0.77
Summer 2 13 0.54 0.78
Total 6 99 1.13 0.70

S5
Rainy 3 399 0.11 0.10
Winter 4 192 0.90 0.65
Total 5 591 0.63 0.45

S6 Summer 6 214 0.99 0.56

S7

Rainy 24 638 1.90 0.60
Winter 11 69 1.77 0.73
Summer 18 209 2.18 0.79
Total 29 916 2.11 0.64

S8
Winter 5 40 1.42 0.88
Summer 3 170 0.27 0.25
Total 6 210 0.85 0.53

Table 3. Species richness, abundance, and diversity indices of cladoceran community at eight sampling 
localities in three seasons.

Таблица 3. Видовое богатство, численность и индексы разнообразия сообщества ветвистоусых ра-
кообразных в восьми точках отбора проб в течение трех сезонов.

Estimator Rainy Winter Summer Total taxa
Observed species richness 25 18 21 33
Chao1 25.52 ± 1.01 17.06 ± 0.30 32.56 ± 13.15 42.46 ± 10.27
Chao2 25.31 ± 0.72 17.00 ± 0.05 27.61 ± 6.75 38.87 ± 6.54
Jackknife1 27.80 ± 2.12 17.95 ± 0.95 27.61 ± 3.16 39.85 ± 3.41
Jackknife2 23.96 12.84 32.16 44.72
Bootstrap 27.18 ± 3.20 18.31 ± 1.38 23.95 ± 2.22 35.52 ± 2.41

Table 4. Species richness estimates (± SE) for cladocerans in the SBR in three seasons.
Таблица 4. Оценки видового богатства (± SE) ветвистоусых ракообразных в водоемах Биосферного 

заповедника Сакаэрат в течение трех сезонов.
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Fig. 5. Species accumulation and estimation curves of cladocerans observed at the Sakaerat Biosphere Re-
serve. A — species accumulation curve of all seasons; B — species accumulation curves of three seasons; 
C — species estimation curve of all seasons; D — species estimation curve for rainy season, E — same, 
winter season, F — same, summer season.
Рис. 5. Кривые накопления и модельные кривые для видов ветвистоусых ракообразных, встреченных 
в Биосферном заповеднике Сакаэрат. A — кривая накопления видов за все сезоны; B — сравнение 
кривых накопления видов за три сезона; C — кривая оценки биоразнообразия за все сезоны; D — то 
же, в сезон дождей; E — то же, в зимний сезон; F — то же, в летний период.
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a swamp in Viengkham District, Vientiane Province, 
Laos (Kotov et al., 2013b), wetlands of Majuli, India 
(Sharma, Sharma, 2014), a reservoir in South Korea 
(Jeong et al., 2015), ponds, reservoirs, and rivers of 
Hainan Island (Sinev et al., 2015), and Dali Bai Au-
tonomous Prefecture, Yunnan Province, China (Sinev 
et al., 2020). In Thailand, A. kotovi was encountered in 
Thale-Noi, Phatthalung Province (Choedchim et al., 
2017), and rivers in Bueng Kan Province (Tiang-nga, 
2019). In this study, this species was found only in 
Ban Huai Namkhem reservoir during the rainy sea-
son. It occurred in littoral zone and is associated with 
macrophytes. Environmental variables of the localities 
where A. kotovi occurred were the following: water 
temperature 29.8–30.5°C, pH 6.58–6.74, dissolved 
oxygen 4.5–5.5 mg/L, electrical conductivity 37–40 
µS/cm, total dissolved solids 18–20 mg/L, nitrate 
1.2–1.4 mg/L, orthophosphate 0.05–0.07 mg/L, and 
ammonia 0.01–0.02 mg/L.

Camptocercus uncinatus Smirnov, 1971
Fig. 6D–F.

DIAGNOSIS. C. uncinatus is subovoid in lateral 
view. Valves with prominent diagonal lines. Labrum 
with moderately acute apex (Fig. 6E). Postabdomen 
very long and narrow. Preanal margin convex. Post-
anal margin with 11–13 single, triangular denticles, 
with serrated anterior margin (Fig. 6F). For detailed 
description see Sinev, 2014.

DISTRIBUTION AND ECOLOGY. C. uncina-
tus was first described from Transbaikalia in Russia 
(Smirnov, 1971). It is known from Afrotropical, Neo-
tropical, Oriental, and Palearctic Regions (Choedchim, 
Maiphae, 2023). This species has been reported in 
Russia, Israel, Iraq, Egypt, Ethiopia, the Rift Valley 
of Africa, South-West, and East Siberia (Smirnov, 
1998; Sinev, 2016; Garibian et al., 2019). In Asia, 
C. uncinatus has been reported from the lakes in 
South Korea (Kotov et al., 2012; Jeong et al., 2015), 
reservoirs and rivers of Hainan Island (Sinev et al., 

2015), lakes and small reservoirs in Yunnan Province, 
China (Sinev et al., 2020). In Thailand, C. uncinatus 
was found in different water bodies, including lakes, 
rivers, and artificial reservoirs in the southern, north-
eastern, and western part of the country (Pholpunthin, 
1997; Sanoamuang, 1998; Wongrat, Pipatcharoenchai 
2003). In this study, it was encountered only in Khang 
Pa Pa Kao stream in winter, namely, in a pool on the 
stream rich of green filamentous algae Spirogyra 
sp. Environmental variables of the locality where 
C. uncinatus occurred were the following: water 
temperature 23.7–25.7°C, pH 5.55–5.63, dissolved 
oxygen 5.2–5.4 mg/L, electrical conductivity 40–57 
µS/cm, total dissolved solids 22–30 mg/L, nitrate 
0.4–0.7 mg/L, orthophosphate 0.00–0.08 mg/L, and 
ammonia 0.00–0.02 mg/L.

Camptocercus vietnamensis Thanh, 1980
Fig. 6G–I.

DIAGNOSIS. C. vietnamensis is egg-shaped 
in lateral view. Valves with prominent sculptures 
of diagonal shape. Labrum with subtriangular keel. 
Apex of keel rounded. Postero-ventral valve margin 
with denticle (Fig. 6H). Postabdomen very long and 
narrow. Postanal margin of postabdomen provided 
with 13–15 small triangular denticles (Fig. 6I). For 
detailed description see Sinev, 2011.

DISTRIBUTION AND ECOLOGY. C. vietnam-
ensis was first described from Vietnam (Thanh et al., 
1980) and redescribed by Sinev, 2011. This species ap-
peared to be widely distributed in Pacific Asia (Kotov 
et al., 2012). It inhabits running water bodies, such 
as streams and rivers in northern and southern parts 
of Vietnam (Thanh et al., 1980; Sinev, 2011; Sinev, 
Korovchinsky, 2013). Although C. vietnamensis is a 
predominantly rheophylic species (Sinev, 2011), it was 
found also in some lentic water bodies, including a 
rice field in Seberang, Malaysia (Idris, 1983), a pond, 
a roadside ditch and a swamp in Vientiane Province, 
Laos (Kotov et al., 2013b), a reservoir in Hainan Island, 

Sampling site S1 S2 S3 S4 S5 S6 S7
S2 0.46
S3 0.61 0.54
S4 0.46 0.50 0.27
S5 0.50 0.36 0.28 0.73
S6 0.62 0.50 0.36 0.50 0.36
S7 0.39 0.29 0.62 0.34 0.23 0.28
S8 0.77 0.45 0.45 0.33 0.54 0.67 0.34

Table 5. Summary of similarity index for cladoceran community among eight water bodies.
Таблица 5. Обобщение информации по индексам сходства сообществ ветвистоусых ракообразных в 

восьми водоемах.
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Fig. 6. Rare cladoceran in the the Sakaerat Biosphere Reserve. A–C — Alona kotovi Sinev, 2012; D–F — 
Camptocercus uncinatus Smirnov, 1971; G–I — C. vietnamensis Thanh, 1980; J–L, Pseudochydorus bopingi 
Sinev, Garibian et Gu, 2016. A, D, G, J — lateral view. B, E, H, K — labrum C; F, I, L — postabdomen.
Рис. 6. Редкие кладоцеры в Биосферном заповеднике Сакаэрат. A–C — Alona kotovi Sinev, 2012; D–F — 
Camptocercus uncinatus Smirnov, 1971; G–I — C. vietnamensis Thanh, 1980.; J–L — Pseudochydorus bop-
ingi Sinev, Garibian et Gu, 2016. A, D, G, J — вид сбоку. B, E, H, K — лабрум C; F, I, L — постабдомен.

temperature 19.0–19.5°C, pH 5.87–5.99, dissolved 
oxygen 2.9–3.9 mg/L, electrical conductivity 27–32 
µS/cm, total dissolved solids 14–15 mg/L, nitrate 
0.3–1.6 mg/L, orthophosphate 0.13–0.18 mg/L, and 
ammonia 0.02–0.13 mg/L.

Pseudochydorus bopingi Sinev, Garibian  
et Gu, 2016
Fig. 6J–L.

DIAGNOSIS. P. bopingi differs from P. globosus 
by a smaller size, well-developed flattened flange along 

China (Sinev et al., 2015), and an oxbow lake and a 
swamp in South Korea (Kotov et al., 2012; Jeong et 
al., 2015). In Thailand, C. vietnamensis was found 
only in Bueng Kan Province, occurring in several 
types of water habitats, including a temporary pond, a 
reservoir, a swamp, and a river (Tiang-nga, 2019). In 
the present work, C. vietnamensis was recorded only 
from Huai Tho Khat stream in winter together with 
Alonella excisa and Oxyurella singalensis. During 
our sampling time, the water body became stagnant, 
had a greater density of Hydrilla sp. as compared to 
the summer. Water variables of the locality where 
C. vietnamensis occurred were the following: water 
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the posterior margin of the valves, shorter rostrum, 
smaller ocellus (Fig. 6K), and morphology of antenna 
and thoracic limb. Postabdomen is long and narrow, 
in postanal portion with parallel margins. Postanal 
margin bearing about 15 sharp denticles, decreasing 
in size basally (Fig. 6L). For detailed description see 
Sinev et al. (2016).

DISTRIBUTION AND ECOLOGY. P. bopingi 
was first described from China (Sinev et al., 2016). It is 
considered an Oriental species, based on its distribution 
(Chiang, Du, 1979; Tiang-nga et al., 2020). It occurs 
in various freshwater habitats in China, including a 
roadside pond and a lake in Hunan Province, a small 
reservoir at Hainan Island (Sinev et al., 2016), Donghu 
Lake in Wuhan city, Hubei Province (Chiang, Du, 

1979) and Dali Bai Autonomous Prefecture in Yun-
nan Province (Sinev et al., 2020). It also was found 
in the Bau Sau lake in Cat Tien National Park, South 
Vietnam (Sinev, Korovchinsky, 2013). In Thailand, 
P. bopingi is a rare species, found only in Lake Kud-
Thing in northeast Thailand (Tiang-nga et al., 2020). 
In the present study, P. bopingi occurred only in a Huai 
Tho Khat stream during summer with Leydigia ciliata. 
This site was represented by a small forest stream; 
the bottom was covered by muddy sediment and leaf 
litter. In summer, the water body became stagnant and 
covered with lightly submerged vegetation (Hydrilla 
sp.). Environmental variables of the locality where 
the following: water temperature 25.8–27.3°C, pH 
5.99–6.62, dissolved oxygen 0.7–1.5 mg/L, electri-

Fig. 7. Results of Principal components analysis (PCA) with a correlation bi-plot projecting observations of 
the environmental variables from sampling sites where cladocerans could be collected in all seasons. The 
letters R, W, and S refer to the rainy, winter and summer seasons, respectively. 
Abbreviations: NH3 — ammonia, TDS — total dissolved solids, EC — electrical conductivity, NO3 — nitrate, WT — 
water temperature, PO4 — orthophosphate, DO — dissolved oxygen.
Рис. 7. Результаты анализа главных компонент (PCA) с биплотом, визуализирующим значения эколо-
гических переменных из локаций, в которых ветвистоусые ракообразные были собраны во все сезоны. 
Аббревиатуры R, W и S означают дождливый, зимний и летний сезоны соответственно. 
Сокращения: NH3 — аммоний, TDS — общая концентрация растворенных твердых веществ, EC — электропровод-
ность, NO3 — нитраты, WT — температура воды, PO4 —ортофосфаты, DO — растворенный кислород.
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cal conductivity 73–85 µS/cm, total dissolved solids 
36–48 mg/L, nitrate 0.9–2.8 mg/L, orthophosphate 
0.18–0.31 mg/L, and ammonia 1.56–1.96 mg/L.

ENVIRONMENTAL FACTORS. The PCA 
of the eight environmental variables accounted 
for 59.0% of the variation, with PC axes 1 and 2 
accounting for 36.4 and 22.6% of the variation, 
respectively (Fig. 7). Principal component 1 

(PC1) was associated with EC, TDS, and NH3, 
while principal component 2 (PC2) related to 
water temperature, DO, NO3ˉ, PO4

3ˉ and pH 
(Fig. 7).

RELATIONSHIP BETWEEN ENVIRON-
MENTAL VARIABLES AND CLADOCERAN 
COMMUNITY STRUCTURE. The first CCA 
axis (CCA1) accounted for the highest explained 
variance, with 29.5%, while the second axis 

Fig. 8. Canonical correspondence analysis (CCA) triplot of seven cladoceran species with a relative abundance 
of more than 1% and physicochemical parameters of water. 
Abbreviations: A-har — Anthalona harti harti; C-eur — Chydorus eurynotus; C-cor — Ceriodaphnia cornuta; D-exc — 
Diaphanosoma excisum; E-bar — Ephemeroporus barroisi; I-spi — Ilyocryptus spinifer; S-ser — Simocephalus serrulatus. 
The S1, S2, S3, S4, S5, S6, S7, and S8 indicate the sampling site numbers, and the letters R, W and S refer to seasons. 
The abbreviations of environmental factors are the same as in Fig. 7.
Рис. 8. Результат канонического анализа соответствия (CCA) семи видов Cladocera с относительной 
численностью более 1% и физико-химических параметров воды. 
Сокращения: A-har — Anthalona harti harti; C-eur — Chydorus eurynotus; C-cor — Ceriodaphnia cornuta; D-exc — 
Diaphanosoma excisum; E-bar — Ephemeroporus barroisi; I-spi — Ilyocryptus spinifer; S-ser — Simocephalus serrulatus. 
S1, S2, S3, S4, S5, S6, S7 и S8 обозначают номера точек отбора проб, а буквы R, W и S — сезоны. Сокращения 
экологических факторов те же, что и на рис. 7.
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(CCA2) accounted for 14.2% (Fig. 8). Chy-
dorus eurynotus, Ephemeroporus barroisi and 
Simocephalus serrulatus densities showed a 
negative correlation with PO4

3ˉ and DO. Dur-
ing all three seasons, they were common in the 
Huai Tho Khat stream (S3) and the Ban Huai 
Namkhem reservoir (S7). The average level of 
orthophosphate was 4.51 mg/L, and the average 
level of dissolved oxygen was 0.05 mg/L. On 
the other hand, Diaphanosoma excisum density 
was positively associated with PO4

3ˉ and DO. 
It exhibited the highest abundance in Ton Wha 
pond during the rainy season (S5R), where the 
highest values of PO4

3ˉ (13.37 mg/L) and DO 
(9.07 mg/L) were recorded. Ceriodaphnia cor-
nuta density was positively associated with EC, 
TDS, and NH3. During the summer season, we 
found many individuals of this species in the Huai 
Tho Khat stream, exhibiting the highest values 
of EC (80.33 µS/cm), TDS (42.67 mg/L), and 
NH3 (1.81 mg/L). However, the Monte Carlo 
permutation test showed that the axis does not 
have any statistically significant relationship 
with any physicochemical values of the water.

Discussion

Typically, cladoceran fauna have a higher 
species richness in lentic habitats as compared 
to lotic water bodies (Sousa, Elmoor-Loureiro, 
2012). Since our study was conducted in vari-
ous types of freshwater habitats, we revealed 
a higher species richness as compared to other 
conservation areas: 28 species from Keoladeo 
Ghana National Park, India (Chandrasekhar, 
2010) and 27 species from the Sempre Vivas 
National Park, Brazil (Sousa, Elmoor-Loureiro, 
2013). However, the number of species of cla-
docerans in this study (33 species) is lower than 
that in Cat Tien National Park, South Vietnam 
(53 species), with 56.47% similarity with the 
latter (Sinev, Korovchinsky, 2013). Difference 
in the cladoceran species occurrence between 
two National Parks could be explained by differ-
ences in environmental, spatial, and geographic 
variables (Dallas, Drake, 2014).

In local scale, Ban Huai Namkhem reservoir 
(S7) had the highest species richness of cladoc-
erans (29 species), whereas other sampling sites 
showed a low diversity. Macrophytes seem to 
be attective microhabitats for most species of 
cladocerans, providing habitat, shelter, breeding 

area, and sites of food production for various 
aquatic animals as well as cladocerans in aquatic 
ecosystems (Ali et al., 2007). The S7 site contains 
many species of aquatic macrophytes in the lit-
toral zone throughout three sampling occasions, 
that probably leads to the higher diversity of 
cladocerans. 

Based on Sørensen-Dice similarity index, 
Tham Chong-ang intermittent stream (S1) and 
Khuean Bon reservoir (S8) revealed the highest 
similarity coefficient (0.77). One possible reason 
that can explain this case is the connectivity 
between them. Both sampling sites connect to 
each other in certain seasons because S1 and S8 
are in the same watershed. Therefore, the spe-
cies occurrence in S1 is relatively like species 
recorded in S8.

Five estimators predicted a total diversity 
of 34–40 species, few unseen cladoceran taxa 
were likely present in the study area, and the 
total number of species recorded within the SBR 
seemed to lie within the estimation range. The 
rarefaction curve in our investigation indicated 
that 60 samples would be enough to record ap-
proximately 80% of the total species richness (33 
species). The diversity of cladocerans within the 
SBR is 33 species representing 26.40% of total 
number of freshwater cladocerans in Thailand 
(125 species) (Tiang-nga et al., 2020; Sinev et 
al., 2023).

Our result clearly shows that habitat het-
erogeneity and season influences the diversity 
of cladocerans (Takahashi et al., 2005; Choi et 
al., 2016). Season fluctuations in environmental 
factors are accompanied by the fluctuations in the 
abundances of phytoplankton and zooplankton 
(Kondowe et al., 2022). In addition, seasonal 
succession of macrophyte vegetation leads to 
change in habitat complexity, being a remark-
able factor in determining microcrustacean 
assemblages (Vad et al., 2012). Space-size 
heterogeneity is the number of discrete sizes 
of interstitial spaces for macrophyte species, 
being an important contributor to taxonomic 
richness (St. Pierre, Kovalenko, 2014). As a 
result, seasonal fluctuation of physicochemical 
variables influence particularly the abundances 
of littoral-benthic species, such as Chydorus 
eurynotus, Ephemeroporus barroisi and Si-
mocephalus serrulatus. Abundances of these 
species, whose abundance was high in Khang 
Pa Pa Kao stream (S2), Huai Tho Khat stream 



N. Plangklang et al.464

(S3), and Ban Huai Namkhem reservoir (S7), 
showed a negative relation to orthophosphate and 
dissolved oxygen concentrations. C. eurynotus 
contributed 75, 48.97 and 51.72% of the total 
abundance of cladocerans in Khang Pa Pa Kao 
stream (S2) in the winter, Huai Tho Khat stream 
(S3) in the rainy season and winter, respectively. 
The combination of abundances of C. eurynotus 
and E. barroisi took the large proportion of total 
cladoceran abundance in Ban Huai Namkhem 
reservoir (S7) in the rainy season and summer, 
accounting for 65.36 and 44.49%. Change in the 
abundance of these two species would influence 
the community structure of cladocerans in the 
water body. In the rainy season, the mean values 
of dissolved oxygen (DO) and orthophosphate in 
S7 were 5.03 and 0.06 mg/L, being higher than 
those in the winter and summer. 

The higher DO and orthophosphate values 
would be generated by aquatic macrophytes, 
seems to be a favorable condition for the high 
abundances of littoral cladoceranss (Ali et al., 
2007). This would be a result why C. eurynotus 
and E. barroisi had the highest abundance in S7 
in this season. In summer in which Huai Tho 
Khat stream (S3) presents anoxic conditions 
(1.20 mg/L of DO) and the water level is low, but 
the highest abundance of S. serrulatus together 
with Ceriodaphnia cornuta was recorded. This 
result indicated that these species could tolerate 
anoxic conditions. Smirnov (2017) reported that 
some species of genus Simocephalus can live in 
the oxygen-deficient water layer over mud. This 
would be an indirect effect of orthophosphate on 
the abundance of cladocerans.

Phosphorus is a limiting nutrient in many 
aquatic ecosystems. Orthophosphate is the only 
form of phosphorus that autotrophs, especially 
algae and cyanobacteria, can utilize (Correll, 
1999). The major form of dissolved phosphorus 
releases from aquatic animals (Andersson et al., 
1998) and decomposition of the submerged mac-
rophytes (Wang et al., 2018). Since macrophytes 
generate in littoral areas, decomposition of mac-
rophytes has occurred, resulting in the formation 
of carbonic acid from carbon dioxide (CO2) and 
decreases in pH (Assunção et al., 2018).

The abundance of A. harti harti was high 
in Bho Kop pond (S6) during the summer 
with a moderate low pH (5.41), a low values 
of conductivity (32.33 µS/cm), but high-water 
temperature (33.13°C). Sa-ardrit, Beamish 

(2005) found that temperature is a significant 
factor which reveals positively associated with 
the abundance of several cladoceran species in 
Khayeng stream, western Thailand. I. spinifer 
showed the greatest quantity in Ton Wha pond 
(S5) during winter, with a moderate pH value 
of 6.59, and low electrical conductivity (10.33 
µS/cm). This would be the characteristic of the 
species as Choedchim et al. (2017) reported that 
I. spinifer distributed in Thale-Noi, Phatthalung 
Province along the different pH gradient at acidic 
to neural between 3.58–8.48. 

The pH is the most important factor deter-
mining of the presence and abundance of the 
cladocerans (Choedchim et al., 2017). In some 
species, salinity also has effects on survival rate, 
fecundity, net reproductive rate, and in some spe-
cies, growth rate (Gökçe, Turhan, 2014), and the 
density of cladocerans in brackish lakes decreases 
with increasing of their conductivity (Green et 
al., 2005). Since electrical conductivity and total 
dissolved solids indicate indirect salinity levels 
of water (Rusydi, 2018), those variables could 
affect the density of cladocerans (Soto, De los 
Rios, 2006).

Conclusion

Orthophosphate, dissolved oxygen, electrical 
conductivity, total dissolved solid and ammonia 
seem to be main variables influencing cladoceran 
abundance in SBR. The presence of rare species in 
this biosphere reserve indicates that the protected 
areas in Thailand may contain interesting and 
unseen species, what is important for exploring 
the diversity and distribution of microscopic 
animals in future studies.
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