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Abstract: This study examines zooplankton assemblage structure and density from five hypereutrophic urban shallow lakes 
between cool and hot periods in 2018-2019. We analyzed the variation of zooplankton and their relationship with envi-
ronmental factors. Samples of zooplankton were collected from shallow lakes in different regions of Thailand. Four groups 
of zooplankton were identified, of which Rotifera was the most abundant group, followed by Copepoda, Protozoa, and 
Cladocera. Zooplankton assemblages were influenced by seasons, as indicated by multidimensional scaling analysis. The 
number of species and density of zooplankton were lower during the cool period than during the hot period. The increased 
density of zooplankton in the hot period may have been due to increased phytoplankton density as food sources. Pearson’s 
correlation coefficient revealed that Rotifera and Copepoda positively correlated with the temperature and pH, and Rotifera 
was negatively correlated with total phosphorus; a negative correlation was also observed between Protozoa and dissolved 
oxygen. The microcystin content tended to have a negative impact on specific small species such as Protozoa (Coleps sp.). 
Information from this research is important for further study involving factors affecting the size structure of zooplankton 
communities, especially large-bodied species in tropical regions.
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INTRODUCTION

Zooplankton are heterotrophic plankton that are an 
important component in freshwater ecosystems. The 
diversity of zooplankton varies among geographical re-
gions [1]. Protozoa, Rotifera, Copepoda, and Cladocera 
are common groups that can be found in freshwater 
habitats. In an ecosystem, zooplankton occupies trophic 
level two, links with producers, and transfers energy 
from primary producers through the food web [2]. They 
are a resource for consumers on higher trophic levels 
(invertebrate and vertebrate animals). Zooplankton also 
has potential value as bioindicators of the freshwater 
trophic state [3-4]; for example, Brachionus angularis 
and Trichocerca cylindrical are good bioindicators of 
eutrophic waterbodies [5-6].  

Abiotic and biotic factors can influence zooplankton 
diversity, distribution, and abundance. Important abiot-
ic factors include temperature, current, lake morphom-
etry, and water chemistry [7-8]. Increased zooplankton 
assemblages, particularly rotifers, are associated with 
warmer summer temperatures [9]. A study in Brazil 
also revealed that rotifers (e.g., Brachionus calyciflorus 
and Thermocyclops sp.) were good indicators of high 
nutrient conditions. In contrast, Keratella tropica and 
Hexarthra mira were good indicators of high turbidity 
[10]. In eutrophic conditions, microcystin concentra-
tions produced by cyanobacteria to deter zooplankton 
grazing can also affect zooplankton communities [11-
12]. In Sweden, high microcystin concentrations were 
negatively correlated with Daphnia and calanoid cope-
pods [13], and in China, the presence of microcystin 
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can contribute to increased dominance of small-bodied 
species [12]. For the biotic factor, predation by inverte-
brates (e.g., Chaborus) [14] and vertebrates (e.g., fish) 
[15] is attributed to shaping the size and structure of 
zooplankton in lakes. Thus, a negative correlation of 
zooplankton was found with the relative abundance 
of fish, meaning that the density of zooplankton is 
inversely proportional to fish density [16].

Zooplankton also plays a crucial role in the resto-
ration of eutrophic waters. Large-body-sized classes 
such as cladocerans, particularly Daphnia, can feed 
on phytoplankton effectively and thus maintain a 
clear water state and mitigate the impact of eutro-
phication [17]. An experiment in Japan showed that 
biomanipulation using piscivore and the introduction 
of Daphnia improved lake clarity (from 2 m to more 
than 4 m) by reducing algal biomass [18]. In contrast, 
zooplankton with smaller body sizes, such as copepods 
and rotifers, have lower filtration capacity [19]. They 
tend to dominate in turbid water bodies characterized 
by the presence of fish and low densities of submerged 
macrophytes [19-20]. Information on zooplankton 
composition in a eutrophic lake is crucial and valuable 
for restoration planning and management. This can be 
done by increasing the composition of large-bodied 
zooplankton such as Daphnia to suppress phytoplankton 
biomass by removing zooplanktivorous fish through 
biomanipulation [21]. The result has been shown to 
be a successful method of improving water quality.

In Thailand, eutrophication is widespread and 
intense, especially during the hot season (February 
to May). Eutrophication is evident in urban shallow 
lakes nationwide due to rapid rural and industrial ex-
pansion and development. Most research in Thailand 
has focused on phytoplankton and the cyanotoxin 
potential since this can lead to a better understanding 
of some health concerns. The current study investi-
gated seasonal variation in species and zooplankton 
abundance in hypereutrophic urban shallow lakes in 
Thailand. Eutrophication and environmental variables 
may influence and shape the ecological structure of 
zooplankton communities. Some cyanobacteria, such 
as Microcystis, can be toxic and harmful to zooplankton 
[22-24]. Zooplankton encountering toxic cells cease 
feeding, which can cause a reduction in the growth, 
reproduction, and survival of zooplankton [21]. This 
study aimed to investigate the zooplankton structure 

and its seasonal variation during cool and hot periods 
in hypereutrophic urban shallow lakes in a tropical 
landscape. This study also determined the effect of 
environmental variables such as water quality values 
and microcystin content that are associated with species 
diversity and the density of zooplankton. The results 
of this research will lead to a better understanding of 
the ecology of zooplankton in urban shallow lakes and 
their response to water quality conditions.

MATERIALS AND METHODS

Study area

Zooplankton communities were investigated in five ur-
ban shallow lakes located in five provinces of Thailand. 
These shallow lakes were selected because they are 
highly hypereutrophic (dominated mainly by intense 
cyanobacterial blooms) and are examples of urban shal-
low lakes in each region of Thailand (north in Chiang 
Mai, northeast in Khon Kaen, east in Chanthaburi, 
and central regions in Bangkok and Pathum Thani, 
respectively) (Supplementary Fig. S1).

Water sampling and analysis

Water samples were collected in the cool period 
(December 2018-January 2019) and the hot period 
(March-May 2019). There were three sampling points 
in each shallow lake. Selection of the sampling point 
was determined by (i) the distribution of the sampling 
point around the shallow lake; (ii) the area where the 
plankton bloom was formed; (iii) accessibility to the 
sampling point. Physical and chemical variables were 
determined in situ and in the laboratory. Conductivity 
(µs·cm-1), dissolved oxygen (DO, mg·L-1), pH, and 
water temperature (°C) were measured in the field by 
a multiparameter analyzer (Consort 9116, Belgium). 
Two L of water samples were collected and kept in 
plastic bottles and then placed in a container at 4°C for 
further analysis in the laboratory. We analyzed the total 
nitrogen (TN, mg·L-1) using the Kjeldahl method, total 
phosphorus (TP, mg·L-1) using the vanadomolybdate 
method, and chlorophyll a (µg·L-1) using the acetone 
extraction method [25]. Turbidity (Nephelometric 
Turbidity Unit, NTU) was measured by a portable 
turbidity meter (WTW 430IR), and total suspended 
solid (TSS, mg·L-1) was determined by measuring 
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the dry weight of the suspended solid particles af-
ter filtration. All samples were analyzed in triplicate 
at the Department of Environmental Technology 
and Management, Faculty of Environment, Kasetsart 
University and Central Laboratory, Bangkok, Thailand.  

The microcystin content was determined by the 
Microcystin-Adda enzyme-linked immunosorbent 
assay (ELISA) kit (Abraxis, Inc. USA). Water samples 
were collected and filtered using a glass Whatman mi-
crofiber filter, grade GF/C (diameter 47 mm). The toxin 
content in the wells of the test strips was analyzed by 
adding 50 µL of the standard solutions and then 50 µL 
of the antibody solutions. The wells were kept at room 
temperature for 90 min. The wells were then washed 
using a diluted Tris-based wash buffer. After washing, 
100 µL of the enzyme conjugate solution (anti-sheep-
HRP) was added to individual wells, and the wells 
were incubated for 30 min. The wells were rewashed 
using the diluted wash buffer, and subsequently, 100 
µL of (color) solution (tetramethylbenzidine (TMB)) 
was added. The wells were incubated for another 30 
min, and 50 µL of stop solution was added to the wells. 
The color reaction in the wells was stopped after 20-30 
min, and the color was evaluated by measuring the 
absorbance at 450 nm wavelength using a microplate 
spectrophotometer. The concentrations of the samples 
were determined by interpolation using the standard 
curve constructed with each run.

Collection of zooplankton and identification

Zooplankton data were compared during cool and hot 
periods. Zooplankton samples were collected from the 
surface water (1 m below the water surface) at three 
sampling points (one sample per sampling point in a 
total of three samples per shallow lake) around each 
shallow lake. Twenty L of water was poured through a 

plankton net (64 μm mesh size). Samples were preserved 
in 70% ethanol [26-27] and brought to the labora-
tory facilities of the Department of Environmental 
Technology and Management, Faculty of Environment, 
Kasetsart University, Bangkok, Thailand, for further 
investigation. One week after collection, 1 mL of sample 
was placed in a Sedgewick Rafter counting chamber. 
Zooplankton was counted in 1,000 grids of the chamber, 
and zooplankton identified up to species level using 
the identification key of [28]) under a compound mi-
croscope (Kruss MBL2000, Germany). Zooplankton 
density was calculated as individuals·L-1 [29].

Data analysis

Values are expressed as the mean±standard deviation 
(n=3). In this study, we used PRIMER Version 7 with 
PERMANOVA+ (academic license (sn: Q781)) for 
multidimensional scaling (MDS) analysis. MDS was 
performed to visualize similarities or dissimilarities of 
zooplankton assemblages in two dimensions between 
the cool and hot periods. Biological data were log-
transformed before analysis. We conducted Pearson’s cor-
relation coefficient (r) analysis using IBM SPSS Statistics 
software (authorized user version 22) to investigate the 
correlation between zooplankton group density and 
environmental variables and between individual zoo-
plankton species and the microcystin content [30-32]. 
Statistical significance was tested at 0.05 and 0.01 levels.

RESULTS

Water quality

The results of water-quality analysis are given in Table 
1. Conductivity values were in the normal ranges of 
freshwaters. Both total nitrogen and total phosphorus 

Table 1. Water-quality values (range) among five shallow lakes.

Province

Te
m

pe
ra

tu
re

pH Turbidity
(NTU)

Conductivity
(µs·cm-1)

TSS
(mg·L-1)

TN
(mg·L-1)

TP
(mg·L-1)

Chlorophyll a 
(µg·L-1)

Khon Kaen 28-34 8.1-8.6 17-23 620-714 28.9-32.0 8.75-13.13 0.10-0.25 46.00-119.70
Chiang Mai 27-35 7.2-9.9 101-111 170-243 59.3-81.3 4.38-8.75 1.19-34.80 187.22-4,022.09
Chanthaburi 30-33 6.7-7.4 38-44 282-837 34.4-51.1 2.92-5.83 0.18-26.69 45.68-301.20
Pathum Thani 31-34 8.8-9.4 16-309 411-450 36.4-181.8 2.92-4.38 1.33-17.35 72.59-1,288.25
Bangkok 29-35 8.3-8.7 32-40 715-762 70.4-98.7 1.46-2.92 1.43-26.69 134.08-576.51
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values were high in all studied shallow lakes, indicating 
eutrophic-hypereutrophic conditions. High chlorophyll 
a values were recorded in Chiang Mai and Pathum 
Thani and resulted in high values of turbidity and 
total suspended solid. Furthermore, all urban shallow 
lakes were classified as hypereutrophic, and nitrogen 
was a limiting nutrient in most shallow lakes (except 
Khon Kaen) [33].

Zooplankton composition and assemblages

The diversity of zooplankton varied among shallow 
lakes and with season. As can be seen in Supplementary 
Table S1, the highest number of zooplankton species 
(21) was recorded in Khon Kaen, whereas the lowest 
number of zooplankton species (11) was observed in 
Bangkok. In most shallow lakes, the maximum diversity 
of zooplankton was recorded during the hot period, and 
the minimum diversity was observed during the cool 
period. A species list and the number of zooplankton in 
each shallow lake are given in Supplementary Table S1.

Table 2 shows the densities of the zooplankton 
(Protozoa, Rotifera, Copepoda, and Cladocera) dur-
ing the cool and hot periods. In the cool period, the 
highest zooplankton density (2,866 individuals·L-1) 
was recorded in Chaing Mai, followed by Pathum 
Thani, Bangkok, Khon Kaen, and Chanthaburi. In the 
hot period, the highest zooplankton density (89,624 
individuals·L-1) was observed in Pathum Thani followed 

by Bangkok, Chiang Mai, Khon Kaen, and Chanthaburi. 
The population density trend of zooplankton showed 
a marked increase during the hot period.

Zooplankton composition exhibited similar pat-
terns in hypereutrophic shallow lakes. In general, 
Rotifera dominated in most shallow lakes, followed by 
Copepoda, Protozoa, and Cladocera (Fig. 1). During 
the cool period, Rotifera was the most abundant 
component in Khon Kaen (88%), Chiang Mai (77%) 
and Pathum Thani (72%). Brachionus angularis (614 
individuals·L-1) was the most prominent species in 
Pathum Thani, whereas B. caudatus was abundant in 
Khon Kaen (68 individuals·L-1). Trichocerca sp. (987 
individuals·L-1) was the dominant species in Chiang 
Mai. Chanthaburi’s main zooplankton group was the 
cyclopoid copepod (124 individuals·L-1). In Bangkok, 
Cladocera was dominant, with Moina sp. the most 
abundant genus (679 individuals·L-1). 

Table 2. Zooplankton of five urban shallow lakes in the cool (C) and hot (H) periods.

Zooplankton 
group

Khon Kaen Chanthaburi Chiang Mai
Species Density Species Density Species Density

C H C H C H C H C H C H
Protozoa 3 2 12 589 1 3 4 125 3 1 600 314
Rotifera 8 12 168 6,031 3 6 28 663 6 8 2,198 7,662
Copepoda 1 1 11 618 1 1 124 664 1 1 68 936
Cladocera - - - - 1 2 4 42 - 1 - 628
Total 12 15 191 7,238 7 12 160 1,494 10 11 2,866 9,540

Zooplankton 
group

Bangkok Pathum Thani
Species Density Species Density
C H C H C H C H

Protozoa 3 - 208 - - - - -
Rotifera 5 5 177 13,658 10 14 1,442 8,126
Copepoda 1 1 145 171 1 1 27 80,326
Cladocera 1 - 630 - 2 2 426 1,172
Total 10 6 1,160 13,829 13 17 1,595 89,624

Fig. 1. Species composition of zooplankton in five urban shallow lakes 
(a) Khon Kaen, (b) Chanthaburi, (c) Chiang Mai, (d) Bangkok, (e) 
Pathum Thani.
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In the hot period, Rotifera was the main group in 
Khon Kaen (83%), Chiang Mai (80%), Bangkok (99%), 
and Pathum Thani (66%), respectively. B. bidentatus 
was the most dominant species in Khon Kaen (2,261 
individuals·L-1). In Chiang Mai, the predominant zoo-
plankton species was B. forficula (4,528 individuals·L-1), 
and in Bangkok, the dominant zooplankton species 
was Brachionus angularis (12,041 individuals·L-1). 
Cyclopoid copepod was the key dominant group in 
Pathum Thani (80,326 individuals·L-1). In Chanthaburi, 
cyclopoid copepod was dominant (664 individuals·L-1).

MDS analysis

We performed multidimensional scaling 
(MDS) analysis to graphically analyze seasonal 
changes (between the cool and hot periods) 
in zooplankton assemblages using species 
diversity and density data. The results sug-
gested that seasons influenced zooplankton 
communities. Fig. 2, derived from MDS, 
displayed an arrangement of sites in two 
dimensions. It can be partitioned into two 
groups of zooplankton assemblages in the 
cool and hot periods. The rank of proximity 
of points to one another reflects the similar-
ity of the zooplankton community structure 
from the sites. Zooplankton data from Chiang 
Mai, Bangkok, and Pathum Thani displayed 
clearer results.

Pearson’s analysis

The results of Pearson correlation coefficient 
(r) analysis showed some correlations between 
zooplankton density data and water quality 
variables (Table 3). Protozoa density was nega-
tively correlated with DO (r=-0.389*, P<0.05) 
and temperature (r=-0.363*, P<0.05). The 

density of Rotifera and Copepoda positively correlated 
with temperature (r= 0.717*, P<0.05 and r=0.379***, 
P<0.01, respectively). Rotifera density was positively 
correlated with the pH (r=0.554**, P<0.01) but nega-
tively with the TP (r=-0.501**, P<0.01).

Microcystin content

The microcystin content tended to have a negative 
effect on Protozoa density, as can be seen in Table 
3. We tested the correlation between individual zoo-
plankton species and the microcystin content. Only 

Fig. 2. Multidimensional scaling (MDS) plots with stress values of less than 0.2 in 
two dimensions showing two separated groups of zooplankton data between the 
cool and hot periods (a) Khon Kean, (b) Bangkok, (c) Pathum Thani, (d) Chiang 
Mai, (e) Chanthaburi. (1, 2, and 3 are replicates of 1, 2, and 3).

Table 3. Correlation coefficients between zooplankton groups and environmental variables

Zooplankton DO Temperature pH Chlorophyll a TN TP Microcystin
Protozoa -0.389* -0.363* -0.292 -0.092 0.201 -0.268 -0.345
Rotifera 0.153 0.717** 0.554** 0.262 -0.157 -0.501** 0.278
Copepoda -0.065 0.379* 0.142 -0.316 -0.184 0.171 0.153
Cladocera 0.089 0.342 0.277 -0.224 -0.168 0.229 0.224

*Correlation significance at 0.05 level and **Correlation significance at 0.01 level



374 Arch Biol Sci. 2023;75(4):369-378

some zooplankton species were correlated with the 
microcystin content. Coleps sp. (Protozoa group) was 
negatively correlated with the microcystin content 
(r=-0.362*, P<0.05). Brachionus calyciflorus (r=0.435*, 
P<0.05) and Ceriodaphnia cornuta (r=0.429*, P<0.05) 
were positively correlated with the microcystin content. 
No correlation was found for other zooplankton species.

DISCUSSION

The diversity and density of zooplankton differed 
among shallow lakes and between the studied periods. 
Rotifera and Copepoda appeared to dominate in hy-
pereutrophic urban shallow lakes. This is consistent 
with previous studies in which Rotifera Brachionus 
angularis and Trichocerca cylindrical were designated 
as bioindicators of eutrophy [5-6]. Protozoans tended 
to be more abundant in the cool period than in the hot 
period. For Cladocera, small-body-sized species such 
as Ceriodaphnia cornuta, Diaphanosoma sp., and Moina 
sp. were found in this study. In a tropical country like 
Thailand, there are fewer species of cladocerans, and 
these are generally smaller [34]. In contrast, large-
body-sized cladocerans such as Daphnia magna and D. 
pulex are limited. In fact, large-bodied Daphnia have 
been reported in temperate regions [35-37]. There is 
very little information on Daphnia species found in 
the tropics, and this perhaps may be due to the lack of 
extensive and intensive field collections in the tropics 
[38]. Overall, the presence and absence of zooplankton 
species may be attributable to several factors, such as 
lake morphology, environmental and biotic factors [1].

Zooplankton composition among hypereutro-
phic urban shallow lakes showed interesting results. 
Copepoda dominated the shallow lake in Pathum Thani, 
contributing up to 88%. The dominance of Copepoda 
may have been associated with the intense plankton 
blooms in the hot period since some copepod species 
seem best adapted to utilizing large cyanobacteria 
[39]. In other shallow lakes, plankton blooms were 
not intense. This is in agreement with a previous study 
that showed that the blooming of cyanobacteria could 
contribute to the feeding and reproduction of cope-
pods during summer and create a favorable growth 
environment for copepod communities [40]. The 
monthly succession of zooplankton groups should be 
further investigated.

In this study, we showed that seasons affected zoo-
plankton assemblages. This could be linked to seasonal 
variation in abiotic and biotic factors that contribute to 
the shaping structure of zooplankton communities. In 
particular, abiotic factors (e.g., temperature and pH) 
strongly influence zooplankton succession and biomass 
in most zooplankton groups [8,32] except Protozoa. 
Crustacea and Rotifera showed positive correlations 
with water temperature [41], similar to data from a 
current study that zooplankton abundance with the 
highest density occurs during the hot period. This was 
probably because the hot season is a growing season 
for phytoplankton which can become a major food 
source for zooplankton. There are ample food supplies 
for successful offspring development at this time of 
year [30]. Similarly, changes in zooplankton diversity 
could be attributed to changes in spatial distribution 
and the type of phytoplankton [42]. 

In the current study, we observed a negative re-
lationship between Rotifera and TP because TP pro-
moted cyanobacteria blooms. Correlation analysis 
showed a strong positive relationship between toxic 
Microcystis and TP [43]. The cyanotoxin production 
by cyanobacteria may impact Rotifera abundance and 
Protozoa community structure (especially Coleps sp.) 
[44]. Microcystins, which are produced by Microcystis 
aeruginosa, are toxic to rotifers, causing changes in 
enzyme activity (superoxide dismutase (SOD)) and 
nutrient content [45]. Another explanation is that 
cyanobacteria are inadequate as a food source for zoo-
plankton, whether due to their large size, low nutritious 
value, or due to feeding inhibitors [46]. Protozoa density 
was negatively correlated with DO. Maximum densities 
of planktonic ciliated Protozoa populations have been 
reported at depths where the oxygen concentration was 
low, 1 mg·L-1 or less [47]. Another study reported that 
abiotic factors, such as pH, phosphates, and nitrates, 
did not affect Rotifera communities [31].

The structure and assemblages of zooplankton may 
also be influenced by biotic factors such as predation 
by fish. The current study indicated that the main 
groups of zooplankton were those in small-body-sized 
classes. It was reported that zooplankton with smaller 
body sizes typically dominate in turbid waterbodies 
characterized by the presence of fish and low density 
of submerged macrophytes due to a lack of refuges 
[18-19]. Fish predation appears to be the main control 
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factor of zooplankton size structure [48]. In the urban 
landscape, fish are stocked in public shallow lakes 
intentionally to attract visitors, and by mercy release, 
especially in Asian culture. This could result in the 
absence of large-body-sized zooplankton due to fish 
predation [49-50] and could lead to a turbid phase 
dominated by phytoplankton. Protozoa and Rotifera 
are small and thus have less impact on the grazing of 
phytoplankton communities [18].

CONCLUSIONS

Many urban shallow lakes have suffered from eutro-
phication. There is limited information on the species, 
densities, and seasonal variations of zooplankton 
in hypereutrophic shallow lakes in Thailand. This 
research revealed that small Rotifera and Copepoda 
dominated hypereutrophic shallow lakes, while large 
Cladocera, as well as Protozoa, were less abundant. 
Zooplankton diversity and density increased in the 
hot period compared to the cool period. Seasonal 
variation and abiotic factors (temperature, DO, pH, 
phosphate, microcystin content) appeared to impact 
zooplankton density and assemblages significantly. We 
suggest that further research should focus on restoring 
hypereutrophic shallow lakes in relation to adjusting 
zooplankton structure. Biomanipulation techniques, 
such as the removal of zooplanktivorous fish, and 
reintroducing macrophytes, refuges for zooplankton, 
should be tested and used. These techniques have 
proved effective and can restore turbid waters by pro-
moting large-body-sized zooplankton communities.

Funding: This research was supported by the Graduate Program 
Scholarship from the Graduate School, Kasetsart University and 
partially supported by the Research Group: Natural Environment 
in Forest and Freshwater Ecosystems, Faculty of Environment, 
Kasetsart University.

Acknowledgments: We are grateful to local government officers 
who provided information and assisted during our field work.

Author contributions: R. Chaichana contributed to the article’s 
conception and design, conducted field sampling, performed the 
analysis and wrote the manuscript; R. Prasertphon conducted field 
sampling, identified the zooplankton, conducted data analysis and 
designed the tables and figures; P. Jitchum provided support for 
the zooplankton identification and contributed to comments and 
revisions of the manuscript. All listed authors have contributed 
sufficiently to the work to be included as co-authors. All authors 
have read and agreed to the published version of the manuscript.

Conflict of interest disclosure: The authors declare no conflict 
of interest.

Data availability: Zooplankton data are available in the 
Supplementary Material. 

REFERENCES

1. Dejen E, Vijverberg J, Nagelkerke LA, Sibbing FA.Temporal 
and spatial distribution of microcrustacean zooplankton 
in relation to turbidity and other environmental factors 
in a large tropical lake (L. Tana, Ethiopia). Hydrobiologia. 
2004;513:39-49. 
https://doi.org/10.1023/B:hydr.0000018163.60503.b8

2. Sommer U, Stibor H, Katechakis A, Sommer F, Hansen T. 
Pelagic food web configurations at different levels of nutrient 
richness and their implications for the ratio fish production: 
primary production. Hydrobiologia. 2002;484:11-20. 
https://doi.org/10.1023/A:1021340601986

3. Gannon JE, Stemberger R. Zooplankton (especially crusta-
ceans and rotifers) as indicators of water quality. Trans Am 
Microsc Soc. 1978;97:16-35. https://doi.org/10.2307/3225681

4. Webber M, Edwards-Myers E, Campbell C, Webber D. Phy-
toplankton and zooplankton as indicators of water quality 
in Discovery Bay, Jamaica. Hydrobiologia. 2005;545:177-93.  
https://doi.org/10.1007/s10750-005-2676-x

5. Saksena D. Rotifers as indicators of water quality. Acta 
Hydrochim Hydrobiol. 1987;15:481-5. 
https://doi.org/10.1002/aheh.19870150507

6. Perbiche-Neves G, Fileto C, Laco-Portinho J, Troguer A, 
Serafim-Junior M. Relations among planktonic rotifers, 
cyclopoid copepods, and water quality in two Brazilian res-
ervoirs. Lat Am J Aquat Res. 2013;41:138-49. 
https://doi.org/10.3856/vol41-issue1-fulltext-11

7. Kobayashi T. Associations between environmental variables 
and zooplankton body masses in a regulated Australian 
river. Mar Freshw Res.1997;48:523-9. 
https://doi.org/10.1071/MF96081

8. Okogwu OI, Nwani CD, Ugwumba AO. Seasonal variations 
in the abundance and biomass of microcrustaceans in rela-
tion to environmental variables in two shallow tropical lakes 
within the cross river floodplain, Nigeria. Acta Zool Litu. 
2009;19:205-15. https://doi.org/10.2478/v10043-009-0021-8

9. Dupuis AP, Hann B.J. Warm spring and summer water tem-
peratures in small eutrophic lakes of the Canadian prairies: 
potential implications for phytoplankton and zooplankton. 
J Plankton Res. 2009;31:489-502. 
https://doi.org/10.1093/plankt/fbp001

10. Sousa W, Attayde JL, Rocha EDS, Anna EME. The response 
of zooplankton assemblages to variations in the water quality 
of four man-made lakes in semi-arid northeastern Brazil. J 
Plankton Res. 2008;30(6):699-708. 
https://doi.org/10.1093/plankt/fbn032

11. Harke MJ, Jankowiak JG, Morrell BK, Gobler CJ. Tran-
scriptomic responses in the bloom-forming cyanobacte-
rium Microcystis induced during exposure to zooplankton. 
Microb Ecol. 2017;83(5): e02832-16. 
https://doi.org/10.1128/AEM.02832-16



376 Arch Biol Sci. 2023;75(4):369-378

12. Jiang X, Xie J, Xu Y, Zhong W, Zhu X, Zhu C. Increasing 
dominance of small zooplankton with toxic cyanobacteria. 
Freshw Biol. 2017;62(2):429-43. 
https://doi.org/10.1111/fwb.12877

13. Hansson L, Gustafsson S, Rengefors K, Bomark L. Cyano-
bacterial chemical warfare affects zooplankton community 
composition. Freshw Biol. 2007;52(7):1290-301. 
https://doi.org/10.1111/j.1365-2427.2007.01765.x

14. Castilho-Noll MSM, Arcifa MS. Mesocosm experiment on 
the impact of invertebrate predation on zooplankton of a 
tropical lake. Aquat Ecol. 2007;41:587-98. 
https://doi.org/10.1007/s10452-007-9112-4

15. Vanni M. Effects of food availability and fish predation on a 
zooplankton community. Ecol Monogr. 1987;57:61-88. 
https://doi.org/10.2307/1942639

16. Romare P, Berg S, Lauridsen T, Jeppesen E. Spatial and tem-
poral distribution of fish and zooplankton in a shallow lake. 
Freshw Biol. 2003;48:1353-62. 
https://doi.org/10.1046/j.1365-2427.2003.01081.x

17. Beklioglu M, Moss B. Existence of a macrophyte-dominated 
clear water state over a very wide range of nutrient concen-
trations in a small shallow lake. Hydrobiologia. 1996;337:93-
106. https://doi.org/10.1007/BF00028510

18. Ha JY, Saneyoshi M, Park HD, Toda H, Kitano S, Homma T, 
Shiina T, Moriyama Y, Chang KH, Hanazato T. Lake restora-
tion by biomanipulation using piscivore and Daphnia stock-
ing; results of the biomanipulation in Japan. Limnology. 
2012;14:19-30. https://doi.org/10.1007/s10201-012-0381-9

19. Moss B, Madgwick J, Phillips G. A Guide to the Restora-
tion of Nutrient-enriched Shallow Lakes. Norfolk: Broads 
Authority; 1996. 180 p.

20. Cottenie K, Nuytten N, Michels E, Meester LD. Zooplankton 
community structure and environmental conditions in a set 
of interconnected ponds. Hydrobiologia. 2001;442:339-50. 
https://doi.org/10.1023/A:1017505619088

21. Urrutia-Cordero P, Ekvall MK, Hansson LA. Controlling 
harmful cyanobacteria: Taxa-specific responses of cyano-
bacteria to grazing by large-bodied Daphnia in a biomanipu-
lation scenario. PLoS ONE. 2016;11(4):e0153032.
https://doi.org/10.1371/journal.pone.0153032

22. Lampert W. Laboratory studies on zooplankton cyanobac-
teria interactions, New Zealand. N Z J Mar Freshwater Res. 
1987;21(3):483-90. 
https://doi.org/10.1080/00288330.1987.9516244

23. Ferrao-Filho AS, Domingos P, Azevedo SMFO. Influences 
of a Microcystis aeruginosa Kützing bloom on zooplankton 
populations in Jacarepaguá Lagoon (Rio de Janeiro, Brazil). 
Limnologica. 2002;32(4):295-308. 
https://doi.org/10.1016/S0075-9511(02)80021-4

24. Tillmanns AR, Wilson AE, Pick FR, Sarnelle O. Meta-anal-
ysis of cyanobacterial effects on zooplankton population 
growth rate: species-specific responses. Arch Hydrobiol. 
2008;171(4):285-95. 
https://doi.org/10.1127/1863-9135/2008/0171-0285

25. Talling JF, Driver D. Some problems in the estimation of 
chlorophyll a in phytoplankton. In: Doty MS, editor. Pro-
ceedings: Primary Productivity Measurement, Marine and 
Freshwater; 1961 Aug 21-Sep 6; Hawaii, U.S.A.: U.S. Atomic 
Energy Commission; 1961. p. 142-6.

26. Black AR, Dodson SI. Ethanol: a better preservation 
technique for Daphnia. Limnol Oceanogr Methods. 
2003;1(1):45-50. https://doi.org/10.4319/lom.2003.1.45

27. Dhargalkar VK, Verleca XN. Zooplankton Methodology, 
Collection and Identification - A Field Manual. [Internet]. 
2004. [cited 2023 Mar 1]. Available from: 
http://drs.nio.org/drs/bitstream/handle/2264/95/Zooplank-
ton_Manual.pdf?sequence=1&is

28. Wongrat L. Zooplankton. Bangkok: Kasetsart University 
Press; 2000. 787 p. Thai.

29. Wongrat L, Boonyaphiwat S. Manual Method for Collect-
ing and Analyzing Plankton. Bangkok: Kasetsart University 
Press; 2003. 270 p. Thai.

30. Seebens H, Einsle U, Straile D. Copepod life cycle adapta-
tions and success in response to phytoplankton spring bloom 
phenology. Glob Chang Biol. 2009;15:1394-04. 
https://doi.org/10.1111/j.1365-2486.2008.01806.x

31. Bielanska-Grajner I, Gladysz A. Planktonic rotifers in min-
ing lakes in the Silesian Upland: relationship to environmen-
tal parameters. Limnologica. 2010;40:67-72. 
https://doi.org/10.1016/j.limno.2009.05.003

32. Yin L, Ji Y, Zhang Y, Chong L, Chen L. Rotifer community 
structure and its response to environmental factors in the 
Backshore Wetland of Expo Garden, Shanghai. Aquac Fish. 
2018;3:90-7. https://doi.org/10.1016/j.aaf.2017.11.001

33. Prasertphon R., Jitchum P, Chaichana R. Water chemistry, 
phytoplankton diversity and severe eutrophication with 
detection of microcystin contents in Thai tropical urban 
ponds. Appl Ecol Environ Res. 2020;18:5939-51. 
https://doi.org/10.15666/aeer/1804_59395951

34. Fernando C. The species and size composition of tropical 
freshwater zooplankton with special reference to the oriental 
region (South East Asia). Int Rev Hydrobiol. 1980;65:411-26.  
https://doi.org/10.1002/iroh.19800650310

35. Lampert W, Rothhaupt KO. Alternating dynamics of roti-
fers and Daphnia magna in a shallow lake. Arch Hydrobiol. 
1991;120:447-56.
https://doi.org/10.1127/archiv-hydrobiol/120/1991/447

36. Beklioglu M, Moss B. Existence of a macrophyte-dom-
inated clear water state over a very wide range of nutri-
ent concentrations in a small shallow lake. Hydrobiolo-
gia.1996;337:93-106. https://doi.org/10.1007/BF00028510

37. Chaichana R, Leah R, Moss B. Conservation of pond sys-
tems: a case study of intractability, Brown Moss, UK.  Hydro-
biologia. 2011;664:17-33. 
https://doi.org/10.1007/s10750-010-0579-y

38. Sarma SSS, Nandini S, Gulati RD. Life history strategies of 
cladocerans: comparisons of tropical and temperate taxa. 
Hydrobiologia. 2005;542:315-33. 
https://doi.org/10.1007/s10750-004-3247-2

39. Haney JF. Field studies on zooplankton-cyanobacteria inter-
actions. N Z J of Mar Freshwater Res. 1987;21:467-75. 
https://doi.org/10.1080/00288330.1987.9516242

40. Hogfors H, Motwani NH, Hajdu S, El-Shehawy R, Holmborn 
T, Vehmaa A, Engstrom-Ost J, Brutemark A, Gorokhova 
E. Bloom-forming cyanobacteria support copepod repro-
duction and development in the Baltic Sea. PLoS ONE. 
2014;9:1-13. https://doi.org/10.1371/journal.pone.0112692



377Arch Biol Sci. 2023;75(4):369-378 

41. Das D, Haque M, Choudury B, Haque M, Alam M. Study 
on monthly variations of plankton in relation to the physico-
chemical condition of rice-fish fields in boro season. Int J 
Sustain Crop Prod. 2011;6:43-9.

42. Barnett A, Beisner BE. Zooplankton biodiversity and lake 
trophic state: explanations invoking resource abundance and 
distribution. Ecology. 2007;88:1675-86. 
https://doi.org/10.1890/06-1056.1

43. Li D, Kong F, Shi X, Ye L, Hu Y, Yang Z. Quantification of 
microcystin-producing and non-microcystin producing 
Microcystis populations during the 2009 and 2010 blooms 
in Lake Taihu using quantitative real-time PCR. J Environ 
Sci. 2012;24(2):284-90. 
https://doi.org/10.1016/S1001-0742(11)60745-6

44. Xu M, Cao H, Xie P, Deng D, Feng W, Xu J. The temporal 
and spatial distribution, composition and abundance of Pro-
tozoa in Chaohu Lake, China: Relationship with eutrophica-
tion. Eur J Protistol. 2005;41(3):183-92. 
https://doi.org/10.1016/j.ejop.2005.03.001

45. Liang Y, Su Y, Ouyang K, Chen X, Yang J. Effects of micro-
cystin-producing and microcystin-free Microcystis aeru-
ginosa on enzyme activity and nutrient content in the 
rotifer Brachionus calyciflorus. Environ Sci Pollut Res Int. 
2017;24:10430-42. 
https://doi.org/10.1007/s11356-017-8704-3

46. Soares MCS, Lurling M, Huszar VL. Responses of the rotifer 
Brachionus calyciflorus to two tropical toxic cyanobacteria 
(Cylindrospermopsis raciborskii and Microcystis aerugi-
nosa) in pure and mixed diets with green algae. J Plankton 
Res. 2010;32:999-1008. 
https://doi.org/10.1093/plankt/fbq042

47. Finlay BJ. Oxygen availability and seasonal migrations 
of ciliated Protozoa in a freshwater lake. Microbiology. 
1981;123(1):173-8. 
https://doi.org/10.1099/00221287-123-1-173

48. Vanni MJ. Effects of nutrients and zooplankton size on 
the structure of a phytoplankton community. Ecology. 
1987;68:624-35. https://doi.org/10.2307/1938467

49. Brucet S, Boix D, Quintana XD, Jensen E, Nathansen LW, 
Trochine C, Meerhoff M, Gascon S, Jeppesena E. Factors 
influencing zooplankton size structure at contrasting tem-
peratures in coastal shallow lakes: implications for effects 
of climate change. Limnol Oceanogr. 2010;55:1697-711.  
https://doi.org/10.4319/lo.2010.55.4.1697

50. Lemma B, Benndorf J, Koschel R. Fish predation pressure on 
and interactions between cladocerans: Observations using 
enclosures in three temperate lakes (Germany) and one 
tropical lake (Ethiopia). Limnologica. 2002;31(3):209-20.  
https://doi.org/10.1016/S0075-9511(01)80023-2 

SUPPLEMENTARY MATERIAL

Supplementary Table S1. Zooplankton species recorded in five urban shallow lakes (individuals·L-1).

Phylum
Khon Kean Chanthaburi Chiang Mai Bangkok Pathum Thani
C H C H C H C H C H

Phylum Protozoa   
Arcella sp. 3
Centropyxis aculeata 14
Centropyxis sp. 314
Coleps sp. 452 88
Difflugia acuminata 19
Difflugia lebes 4 493
Difflugia sp. 4 14 19
Didiunium sp. 137 160
Euglypha sp 5
Halteria sp. 28
Tintinnopsis sp. 98
Phylum Rotifera
Anuraeopsis fissa 4
Anuraeopsis sp. 821 493 9
Ascomorpha sp 17
Brachionus angularis 55 740 4 276 614 580
Brachionus bidentatus 2,261
Brachionus caudatus 68 1,231 28 262
Brachionus calyciflorus 269 29 117 1,206
Brachionus diversicornis 2,042
Brachionu falcatus 10
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Phylum
Khon Kean Chanthaburi Chiang Mai Bangkok Pathum Thani
C H C H C H C H C H

Brachionus forficula 603 165 68 4,528 171
Brachionus quadridentatus 334
Brachionus rotundiformis 84
Brachionus rubens 19 171
Brachionus sp. 9 64 47 1,457 356 334
Cephalodella sp. 137 156
Epiphanes sp. 3
Filina longiseta 904 9 161
Keratella tropica 301 17 7 84
Keratella sp. 83
Mytilina sp. 83 156 17 437
Philodina sp. 9
Polyarthra 13 1,536 4 610 93 7
Synchaeta sp. 156
Trichocera sp. 51 151 28 987 4,469
Phylum Arthropoda
Cyclopoid copepod 11 618 124 664 68 936 104 1716 27 80,326
Ceriodaphnia cornuta 666
Diaphanosoma sp. 4 14 169
Moina sp. 28 628 670 313 262

C – cool period, H – hot period

Supplementary Fig. S1. Five urban shallow lakes located 
in each region of Thailand (represents the sampling 
point). Source: Google Earth (modified from: www.
maps.google.com).

Table S1 continued




