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INTRODUCTION

Phu My species-habitat conservation area 
(PMCA) is located in Phu My commune, Giang 
Thanh district, Kien Giang province. The area 
plays an essential role in preserving the habi-
tats and environment of many different species 
of flora and fauna, especially Grus antigone 
sharpii and Lepironia articulate. Water quality 
in the PMCA plays a significant role in main-
taining and developing the diversity of plant and 
animal species. Therefore, water quality moni-
toring is performed annually through physical 

and chemical parameters since it is a seasonal 
wetland area. In addition, water quality directly 
affects the diversity and development of aquatic 
species, of which plankton species are recog-
nized as the most sensitive. Furthermore, previ-
ous studies have shown that the dominant plank-
ton species and their seasonality vary widely 
in different water bodies (Thakur et al., 2013). 
Thus, biodiversity indices of plankton species 
could reflect the water quality in the water bod-
ies (Gao et al., 2018). 

Plankton is composed of phytoplankton and 
zooplankton. Plankton plays a vital role in aquatic 
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ecosystems and its population changes and com-
munity structure affect the function of the ecosys-
tem directly, such as the production and transmis-
sion of nutrients (Luu, 2017; Gao et al., 2018). The 
structure of species composition and density of 
plankton are strongly influenced by environmental 
conditions such as temperature, dissolved oxygen 
and nutrient composition, especially orthophos-
phate (Jiang et al., 2014; Sihombing et al., 2017). 
Plankton is considered a biological indicator to as-
sess the level of water pollution (Ren et al., 2011; 
An et al., 2012; Thakur et al., 2013; Ha et al., 2016) 
because of its short development cycle, rapid re-
production, abundant taxonomic, wide distribu-
tion and sensitivity to environmental conditions 
changes (Jakhar, 2013; Xiong et al., 2019). For an 
unpolluted ecosystem, phytoplankton would have 
high diversity, many species distribution and low 
density of each species, whereas affected ecosys-
tems would have high densities of a few species, 
leading to low diversity (Yen et al., 2021). In ad-
dition, some studies have also used zoobenthic as 
an indicator of water quality in certain study areas 
(Bhadrecha et al., 2016); these species are usually 
easy to observe with the naked eye and are rela-
tively easy to collect samples (Sharma et al., 2006). 
For example, arthropod species often live on the 
surface of sediments in unpolluted environments, 
while the dominant Limnodrilus hoffmeisteri and 
Tubifex species show low organic and oxygen pol-
lution in the water bodies (Peng et al., 2020).

Nevertheless, studies at PMCA mainly 
evaluated water quality based on physical and 
chemical parameters. Relatively few studies as-
sessed water quality based on the presence of 
plankton and zoobenthic species. Therefore, 
this study was conducted to evaluate surface 
water quality through the composition and den-
sity of phytoplankton, zooplankton and zooben-
thos species at PMCA.

MATERIALS AND METHODS

Phytoplankton, zooplankton and zoobenthos 
samples were collected at six sites, which were 
signed from N1 to N6 (Figure 1). 

Sampling phytoplankton and zooplankton

Qualitative samples were collected by using 
nets, turning the nets in round eight at least 20 
times in surface water. The collected sample is 

stored in a plastic bottle, recorded with informa-
tion (sample type, date and location of sample 
collection) and then fixed with 2–4% formalde-
hyde. Regarding quantitative samples, filtering 
100 L of water through a 25 µm mesh. Samples 
were concentrated and placed in 110 mL vials 
and fixed with 2–4% formaldehyde. Qualitative 
analysis was performed using 10X-40X objective 
microscopy and phytoplankton imaging to deter-
mine morphological, structural and taxonomic 
features, according to Tien and Hanh (1997) and 
Tuyen (2003).

Sampling zoobenthos

Qualitative and quantitative samples were 
collected using a Petersen gauge (20×20 cm). 
At each location, benthic animals were collected 
five times and then sieved with a bottom sieve 
with a mesh of 0.5×0.5 mm to remove mud and 
debris. The samples obtained after sieving were 
stored in plastic bags and fixed in 10% formalin 
(100 mL of 37% formaldehyde was diluted with 
900 mL of water to obtain 1 L formalin 10%) 
(Dung et al., 2011; Lien et al., 2014). The sam-
ples were washed in the laboratory, completely 
removed organic matter, retained benthic and 
fixed with 4% formol (Quyen et al., 2011). For 
qualitative analysis, zoobenthic species were 
observed by microscopy to determine morpho-
logical, structural and taxonomic characteristics 
(Quynh et al., 2001). For quantitative analysis, 
zoobenthic species are listed and then the num-
ber of individuals of each benthic species is 
counted to calculate the density (individuals/m2) 
of each species on each survey site. 

Data analysis 

Quantitative sample analyses were performed 
by counting individual phytoplankton according to 
the method of Boyd and Tucker (1992). Densities 
of phytoplankton were calculated using Equation 1:

	 𝑌𝑌 =  𝑋𝑋×1000×𝑉𝑉𝑉𝑉𝑉𝑉
𝑁𝑁×𝐴𝐴×𝑉𝑉𝑉𝑉𝑉𝑉       (1) 

 
D = X/V                   (2) 
 
N = X/S                    (3) 
 
𝐻𝐻′ = − ∑ (𝑁𝑁𝑁𝑁/𝑁𝑁) ∗ 𝑙𝑙𝑙𝑙(𝑁𝑁𝑁𝑁/𝑁𝑁)𝑆𝑆

𝑖𝑖=1               (4) 
 
J = H'/lnS  (5) 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = ∑ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑛𝑛

𝑖𝑖=1
𝑁𝑁                    (6) 

 

	 (1)

where:	Y – the density of individuals 
(individual/L), X – the number of phy-
toplankton in the counted cells, Vcd – the 
volume of sample concentrate (mL), N 
– the number of incoming cells, A – pos-
sible cell volume (1 mm2) and Vtt is actual 
collection volume (mL).
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Densities of zooplankton were calculated us-
ing Equation 2 (2):

	 D = X/V	 (2)
where:	D – the density or number of zooplank-

ton individuals (individuals/m2), X – the 
number of organisms counted in the V(L) 
sample, V – the sample volume after con-
centration (mL).

Densities of zoobenthos were calculated us-
ing Equation 3 (3):
	 N = X/S	 (3)
where:	N – the density of benthic (individuals/

m2), X – the number of each group of ben-
thos in the sample, S – the collected area 
with S = n×d (n – the number of buckets 
and d) is the bucket area).

The diversity of organisms was determined by 
the Shannon-Wiener diversity index using Equa-
tion 4, which was applied in the previous studies of 
Shannon and Weaver (1949) and Ren et al. (2011).

	

𝑌𝑌 =  𝑋𝑋×1000×𝑉𝑉𝑉𝑉𝑉𝑉
𝑁𝑁×𝐴𝐴×𝑉𝑉𝑉𝑉𝑉𝑉       (1) 

 
D = X/V                   (2) 
 
N = X/S                    (3) 
 
𝐻𝐻′ = − ∑ (𝑁𝑁𝑁𝑁/𝑁𝑁) ∗ 𝑙𝑙𝑙𝑙(𝑁𝑁𝑁𝑁/𝑁𝑁)𝑆𝑆

𝑖𝑖=1               (4) 
 
J = H'/lnS  (5) 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = ∑ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑛𝑛

𝑖𝑖=1
𝑁𝑁                    (6) 

 

	 (4)

where:	Ni – the number of individuals of species 
i, N – the total number of individuals of 
all species in the samples. According to 
Shannon and Weaver (1949), water qual-
ity is divided into three pollution levels 

based on H’ values: H’>3 indicates good 
water quality or unpolluted water; 1≤H’≤3 
indicates moderate water pollution; H’<1 
indicates the water is heavily polluted.

Plankton uniformity was checked by the 
Pielou index (J) according to Equation 5 (Eq. 5) 
(Pielou, 1975; Ren et al., 2011):
	 J = H’/lnS	 (5)
where:	S is the number of plankton species.

The pollution rating scale is based on the J val-
ue, which ranges from 0 to 0.4; 0.4–0.6; 0.6–0.8; 
>0.8 corresponds to heavy, moderate α, moderate 
β and light or no pollution (Pielou, 1975; Van & 
My, 2020). The BMWP Vietnam – ASPT biologi-
cal monitoring index based on the taxonomy at the 
family level of the benthic taxonomy system is cal-
culated by Equation 6 (Eq. 6) (Thuan et al., 2010):

	

𝑌𝑌 =  𝑋𝑋×1000×𝑉𝑉𝑉𝑉𝑉𝑉
𝑁𝑁×𝐴𝐴×𝑉𝑉𝑉𝑉𝑉𝑉       (1) 

 
D = X/V                   (2) 
 
N = X/S                    (3) 
 
𝐻𝐻′ = − ∑ (𝑁𝑁𝑁𝑁/𝑁𝑁) ∗ 𝑙𝑙𝑙𝑙(𝑁𝑁𝑁𝑁/𝑁𝑁)𝑆𝑆

𝑖𝑖=1               (4) 
 
J = H'/lnS  (5) 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = ∑ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑛𝑛

𝑖𝑖=1
𝑁𝑁                    (6) 

 
	 (6)

where:	 N – the total number of benthic families 
present in a sample; ⅀ BMWP is the total 
score of benthic families according to the 
score table of BMWP Vietnam. Water qual-
ity based on the ASPT index includes 6 lev-
els: 0 (extremely dirty), 1–2.9 (very dirty), 
3–4.9 (relatively dirty, level β), 5–5.9 (medi-
um dirty, level α), 6–7.9 (reasonably clean) 
and 8–10 (very clean) (Thuan et al., 2010).

Figure 1. Map of biodiversity sample collection
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RESULTS AND DISCUSSION

Phytoplankton

Composition of phytoplankton

The study results showed that a total of 71 
species belonging to 5 phyla of algae appeared 
in the Phu My species-habitat conservation area 
(Figure 2). The percentages of the Chlorophyta, 
Euglenophyta, Bacillariophyta, Dinophyta and 
Chrysophyta were 37%, 38%, 18%, 4% and 3%, 
respectively. Euglenophyta dominated with 27 
species, followed by Chloriphyta with 26 species 
and Bacillariophyta with 13 species. In addition, 
there are very few phytoplankton species be-
longing to the Dinophyta and Chrysophyta, with 
3 species and 2 species, respectively. However, 
these are two new phyla appearing in water at 
the reserve compared to previous research of Ni 
(2018) in the PMCA. 

The study results also showed that Euglen-
ophyta was dominated by the presence of algae 
species belonging to the genera Euglena, Lep-
ocinclis, Phacus and Trachelomonas. Accord-
ing to Salman et al. (2013) and Srichandan et al. 
(2015), Euglenophyta grows and develops best 
in fresh water, low salinity, and nutrient-rich, a 
biological indicator of organic pollution in water 
bodies. This has been demonstrated in previous 
research that Euglenophyta was the dominant 
species in nutrient-rich water bodies and agricul-
tural farming areas (Kemka et al., 2006; Khanh 
et al., 2021). While the presence of Chlorophyta 
reflects an aquatic environment with high concen-
trations of nitrogen and phosphorus (Zhu et al., 
2010; Sulastri et al., 2020), Bacillariophyta is the 

dominant species in brackish water when salinity 
increases (Ut et al., 2013; Hoa & Thanh, 2014). In 
addition, Dinophyta grows in a high nutrient en-
vironment with high P content and low N:P ratio 
and Dinophyta is considered a toxic and harmful 
algae species for cultured subjects when the den-
sity of Dinophyta algae is high (Hoa & Thanh, 
2014; Srichandan et al., 2015). Compared with the 
study of Lien et al. (2022) and Yen et al. (2021), 
the structure of phytoplankton species composi-
tion (95 species belonging to 6 phyla and 112 spe-
cies belonging to 5 phyla) was more diverse and 
more affluent. It can be seen that depending on 
the geographical location, the nature of the water 
environment creates conditions for different phy-
toplankton species to grow and develop.

The total number of phytoplankton species 
belonging to different phyla ranged from 4 to 58 
species (Figure 3). In which, HT6 canal (N1), 
Lepironia-Eleocharis habitat (N2) and infield 
canals (N3) appeared algae species belonging 
to all five phytoplankton phyla. Particularly, the 
remaining three locations (i.e., N4, N5, and N6) 
belong to the habitats of Melaleuca, Melaleuca-
Lepironia and Melaleuca-Lepironia-Eleocharis, 
only a few species of Chlorophyta and Bacil-
lariophyta appear. The results also showed that 
there was the highest number of phytoplankton 
species present (58 species) in the HT6 canal, 
of which Euglenophyta, Chlorophyta and Bacil-
lariophyta appeared, accounting for the highest 
proportion at the monitoring site. Specifically, 
the species dominated by Chodatella subsalsa, 
Spirogyra azygospora, Spirogyra prolifica, Pan-
dorina morum (Chlorophyta), Trachelomonas 
hispida, Phacus torta, Trachelomonas volvocina 

Figure 2. Number of phytoplankton species in the study area
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(Euglenophyta), Eunotia sp., Desmogonium 
transfugum (Bacillariophyta) predominates. In 
addition, the appearance of genera Euglena, Pha-
cus, Trachelomonas (Euglenophyta), Scenedes-
mus (Chlorophyta) and Nitzschia (Bacillariophy-
ta) were indicators of water quality with organic 
matter content at the location of the HT6 canal, 
Lepironia-Eleocharis and the infield canal habi-
tats (Mach et al., 2013; Lien et al., 2022). At the 
same time, the two locations of the infield canal 
(N3) and Lepironia-Eleocharis (N2) also have 
many phytoplankton species present. The above 
locations have regular water exchange, which 
could be why the phytoplankton composition is 
more diverse and richer than the rest of the habi-
tats in the surveyed protected area. In addition, 
the HT6 canal, Lepironia-Eleocharis and the in-
field channel also appeared with a species of algae 
belonging to the genus Glenodinium, showing 
that the environment has a high nutrient content. 
Some species of algae, Cylindrocystis brebisso-
nii, Zygnemopsis americana (Chlorophyta), and 
Desmogonium ossiculum (Bacillariophyta) are 
common in the water bodies of the habitat in the 
reserve (N4-N5). The appearance of the diatom 
Desmogonium ossiculum indicated a low-pH wa-
ter body and an acidic environment.

Density of phytoplankton

The research results showed that the total 
density of phytoplankton at each monitoring loca-
tion and each phylum fluctuated relatively large 
in the range of 958–13,766 individuals/L and 
128–16,694 individuals/L (Table 1). Although 
Euglenophyta has a dominant number of species 
(in terms of the whole study area), the individual 
density was relatively low. Chlorophyta has a high 
total density of algae in the reserve (accounting 
for 49% of total density). In addition, Melaleuca-
Lepironia (N5) had the highest density of phyto-
plankton, which Zygnemopsis americana domi-
nated, with 12,731 individuals/L (accounting for 
92%). The filamentous Zygnematophyceae usu-
ally predominate in freshwater habitats where they 
can rapidly generate large amounts of biomass 
(Pichrtova et al., 2018); it could be demonstrated 
that this site has a salinity in water is lower than 
other locations in the reserve. HT6 canal (N1) in 
the presence of Chodatella subsalsa, Trachelomo-
nas hispida and Eunotia sp. were high density at 
250 individuals/L, 1,138 individuals/L and 1,499 
individuals/L, respectively. In the Lepironia-Ele-
ocharis habitat (N2), there was a high density of 
Glenodinium sp. (1,742 individuals/L). The results 

Figure 3. Composition of phytoplankton at the sampling locations

Table 1. Phytoplankton density at each location (individuals/L)
Phyla N1 N2 N3 N4 N5 N6 Total

Chlorophyta 1,077 124 331 912 13,674 578 16,694

Euglenophyta 4,641 48 1,327 - - - 6,015

Bacillariophyta 2,246 2,787 202 46 92 3,935 9,307

Dinophyta 83 1,758 180 - - - 2,021

Chrysophyta 56 - 72 - - - 128

Total 8,102 4,715 2,111 958 13,766 4,512 -
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also show that the Melaleuca habitat has the low-
est individual density, this could be explained that 
this is an area where frequent exploitation affects 
the development of phytoplankton species. In ad-
dition, according to Sulastri et al. (2020), phyto-
plankton abundance levels of more than 15,000 
individuals/L are commonly found in eutrophica-
tion, thereby showing that the surface water envi-
ronment of the reserve tends to be rich in nutrients.

Zooplankton

Composition of zooplankton

At Phu My species-habitat conservation area, 
a total of 57 species belonging to 4 phyla of zoo-
plankton were recorded (Figure 4). The phylum 
Rotifera dominates with the appearance of 35 spe-
cies (63% of the total). Arthropoda and Protozoa 
accounted for 21% (12 species), 11% (6 species) 
and 7% (4 species) of the remaining phyla. The re-
sults show a decline in species composition com-
pared to 2018; about 10 species were not recorded 
in 2021, mainly belonging to the Arthropoda. 

The species of Brachionus bidentata, Ceph-
allodella gibba, Lecane bulla, Lecane hastata, 
Lecane pyriformis, Polyarhtra vulgaris and Chy-
dorus alexandrovi and Diaphanosoma brachy-
urum (Arthropoda) and Arcella vulgaris (Proto-
zoa) were recorded at most monitoring sites in 
reserve. The dominant phylum in the study area 
shows that the aquatic environment is eutrophic, 
as they can feed on small particles such as bacte-
ria and detritus that are often abundant in nutrient-
rich water bodies (Ismail & Adnan, 2016). More-
over, Rotifera is widely distributed in all types 
of freshwater and brackish water bodies (Xiong 
et al., 2016); this was consistent with the results 
of the current study. In addition, the appearance 

of Brachionus species reflects the algal bloom in 
the study area (Ceirans, 2007). Protozoa are often 
used to indicate organic pollution in water (An et 
al., 2012). In aquatic ecosystems, Cladocera be-
longing to the phylum Arthropoda, which is the 
most crucial group providing nutrition for higher 
organisms, especially in the fish food chain, and 
they are susceptible to water pollution even when 
the contaminant concentration is very low, so Cla-
docera usually grows well in clean water (Mesh-
ram et al., 2017). In addition, Copepoda belonging 
to the phylum Arthropoda form a group of zoo-
plankton predominating in freshwater or marine 
environments (Meshram et al., 2017). Compared 
to the study in Cai Lon River, Kien Giang prov-
ince, the zooplankton composition is more diverse 
and richer, with 105 species recorded, including 47 
species of phylum Rotifera, 21 species of phylum 
Protozoa, 14 species of Cladocera and 23 species 
of Copepod (Phuoc et al., 2018). It can be seen that 
the above studies showed that the Rotifera domi-
nated all phyla occurring in the water bodies. The 
distribution and abundance of zooplankton spe-
cies in the study sites can be influenced by various 
environmental factors such as water clarity and 
chlorophyll content (Ismail & Adnan, 2016), as 
well as the degree of pollution in each water body 
determines the density of plankton (Dorak, 2013).

The total number of species belonging to the 
zooplankton phyla at each location ranges from 
11–37 species (Figure 5). The HT6 canal (N1), 
Lepironia-Eleocharis (N2), Melaleuca (N4) and 
Melaleuca-Lepironia-Eleocharis (N6) have five 
groups of zooplankton. Particularly, there were no 
species belonging to Copepoda and other phyla 
were recorded inland canal and Melaleuca-Lepiro-
nia. The analysis results also show that the num-
ber of species was low and less abundant in the 

Figure 4. Composition of zooplankton in the study area
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habitats of Melaleuca, Melaleuca-Lepironia, Mela-
leuca-Lepironia-Eleocharis; this was similar to the 
research results on the composition of phytoplank-
ton species. In addition, the Melaleuca-Lepironia 
habitat was determined to have a low species di-
versity and was similar to the results reported in 
2018 (Ni, 2018). For the HT6 canal, the number of 
zooplankton species was the highest, followed by 
the infield canal and Lepironia-Eleocharis. Species 
of the genus Asplanchna (Asplanchna priodonta), 
Brachionus (Brachionus angularis), Filinia (Filin-
ia opoliensis, Filinia longiseta, Filinia termina-
lis), genus Polyarhtra (Polyarhtra vulgaris) and 
Trichocera (Trichocera similis and Trichocerca 
sp.) were found mainly at HT6 and infield canals, 
which were good indicators of eutrophication (An 
et al., 2012; Ismail & Adnan, 2016). This could be 
explained that these two locations receive waste-
water from domestic and agricultural activities in 
the area, contributing to enriching organic nutri-
ents in the water. In addition, Copepoda (especially 
Nauplius) appeared in 4 per 5 locations (except N5 
Melaleuca-Lepironia habitat), a group with high 
nutrient content and an essential food for many 
fish and seafood species (Van et al., 2012). Arcel-
la vulgaris (Protozoa) was found at all sampling 
sites, the existence and development of this species 

shows that the water body is in a state of organic 
pollution (Dung & Oanh, 2011).

Density of zooplankton

The density of zooplankton fluctuated rela-
tively large from 17,483–758,282 individuals/L 
and the total density of each also varied consid-
erably from 15,933–876,008 individuals/L (Table 
2). Compared with some other studies, the density 
of zooplankton in the reserve was higher (Van et 
al., 2012; Trinh & Vinh, 2019). Table 2 shows that 
the phylum Rotifera dominated in species com-
position; however, Protozoa was the phylum with 
the predominant density of organisms in the re-
serve, accounting for 47% of the density. Arcella 
vulgaris was the species with the highest density, 
with 777,194 individuals/L (accounting for 89%), 
contributing to the density advantage of Protozoa. 
Besides, the Melaleuca-Lepironia and Melaleuca-
Lepironia-Eleocharis habitats had low species 
composition, but these locations had high zoo-
plankton density. Anuraeopsis fissa, Filinia opo-
liensis, Filinia terminals, Polyarhtra vulgaris and 
Nauplius at HT6 canal have the dominant species 
density, reaching 33,750; 14,063; 14,063; 30,938; 
and 36,563 individuals/L, respectively. Besides 

Figure 5. Composition of zooplankton at the sampling locations

Table 2. Zooplankton density at each location (individuals/L)
Phyla N1 N2 N3 N4 N5 N6 Total

Protozoa 9,984 8,747 108,575 43,750 294,286 410,667 876,008

Rotifera 152,438 4,587 135,450 37,800 191,286 309,467 831,027

Cladocera 1,125 1,675 7,167 350 80,929 29,333 120,578

Copepoda 11,250 533 25,442 525 0 1,467 39,217

Others 2,850 1,942 23 2,288 1,482 7,348 15,933

Total 177,646 17,483 276,656 84,713 567,982 758,282



109

Ecological Engineering & Environmental Technology 2024, 25(3), 102–112

that, Arcella vulgaris (8,533 individuals/L), Le-
padella ovalis (1,067 individuals/L), Chydorus 
alexandrovi (1,067 individuals/L) and Chiron-
omidae (1,067 individuals/L) were predominant 
densities at the Lepironia-Eleocharis. The infield 
canal recorded the best-growing species of Dif-
fugia lebes, Filinia camasecla, Filinia opoliensis, 
Mongolodiaptomus gladialus and Nauplius, with 
the dominant species density. In the remaining 
habitats in reserve, such as Melaleuca, Melaleu-
ca-Lepironia, Melaleuca-Lepironia-Eleocharis, 
the dominant species density belongs to Arcella 
vulgaris, Brachiomus bidentata, Lecane bulla 
and Chydorus alexandrovi. Generally, the species 
with the predominant density at each monitoring 
location are mostly in the group well adapted to 
the water environment rich in organic nutrients.

Composition of zoobenthos

The study results show that the composition 
of benthic species at the Phu My species-habitat 
reserve in 2021 was relatively low, with only two 
benthic species Tubifex sp. belonging to the phy-
lum Oligochaete and the larvae of Chironomidae 
belonging to the phylum Insecta. This result re-
duced 6 species compared to 2018; however, all 
species in 2018 were not recorded in 2021 (Ni, 
2018). The appearance of the species Tubifex sp. 
indicates that the environment was likely to be 
contaminated with organic matter concentrated 
in the habitat with a density of 20 individuals/m2 

(Table 3). Lepironia-Eleocharis was the highest 
density of benthic animals with 40 individuals/
m2, followed by Melaleuca-Lepironia-Eleocharis 
habitat (10 individuals/m2) and Melaleuca and 
Melaleuca-Lepironia (5 individuals/m2). There 
were no species found at the HT6 canal and the 
infield canals. Oligochaeta could tolerate adverse 
environmental conditions such as low DO and 
high pollutant concentrations. In some other water 

bodies, it was found that benthic animals devel-
oped relatively richly and diversely. According to 
Dung & Minh (2013), 30 benthic species belong-
ing to 5 classes were detected, including Oligo-
chaete, Polygochaete, Bivalvia, Gastropoda and 
Insecta. Limnodrilus hoffmeisters appeared on 
all survey sites, indicating organic pollution and 
high nutrient content (mainly TP and TOC) (Dung 
& Minh, 2013; Peng et al., 2020).  It can be seen 
that the current study area has a less diverse ben-
thic species composition than other areas, which 
can be explained by the collected samples hav-
ing many plant residues, mainly grass, grass and 
leaves. Therefore, the bottom sediment quality in 
the reserve is unsuitable for benthic species life.

Evaluating surface water quality using 
biodiversity indices

The study was based on phytoplankton, zoo-
plankton and benthic to calculate the Shannon-
Wiener biodiversity index (H’), Pielou index (J) 
and average scoring per taxon (ASPT). The analy-
sis results show that H’ and J reflected the level 
of water pollution based on phytoplankton com-
position at each monitoring location (Figure 6). 
The Shannon-Wiener index at each location ranges 
from 0.29 to 3.0 (Figure 6a), indicating the surface 
water quality in the PMCA was in the range of 
medium pollution from β to heavy pollution. Simi-
larly, the Pielou index at 6 monitoring locations 
fluctuated from 0.21 to 0.78 (Figure 6b), reflect-
ing the polluted water environment from moder-
ate (β) to severe. The results of H’ and J illustrate 
that in two water bodies the Melaleuca-Lepironia 
and Melaleuca-Lepironia-Eleocharis have a heavy 
pollution level, and the medium pollution of the 
Lepironia-Melaleuca habitat at α level, whereas 
HT6 and in-field canals were polluted at β level. 
The Shannon-Wiener index (H’) based on zoo-
plankton shows that the water environment in the 

Table 3. Composition of zoobenthos in the study area

No. Composition
Sampling sites

N1 N2 N3 N4 N5 N7

Oligochaeta 0 1 0 0 0 0

1 Tubifex sp. 20

Insecta 0 1 0 1 1 1

2 Chironomidae 20 5 5 10

Total 0 2 0 1 1 1

Density (individuals/m2) 0 40 0 5 5 10
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NR has moderate pollution from β to heavy pol-
lution, ranging from 1.55 to 2.88 (Figure 7a). The 
Pielous index (J) also indicates that the water en-
vironment in the study area varied from moderate 
pollution at level β to severe pollution (0.60–0.80) 
(Figure 7b). Melaleuca-Lepironia and Melaleuca-
Lepironia-Eleocharis were heavily polluted, fol-
lowed by the Lepironia-Eleocharis and Melaleuca 
with moderate pollution at α level, while HT6 and 
the infield canals were less polluted (moderate pol-
lution at β level). It can be seen that the use of zoo-
plankton and phytoplankton in the reserve reflects 
the pollution status of the water body at the same 

level, from moderate pollution at level β to heavy 
pollution. The analysis of the H’ index and ASPT 
showed that the water environment was heavily 
polluted and very dirty (Table 4). However, calcu-
lating the biological index based on benthic ani-
mals to assess the water quality in the reserve was 
generally not feasible and not objective because 
the benthic species composition here is very low. 
In some locations, no species could be detected 
due to the influence of the bottom sediment. From 
the above analysis, it can be found that the phyto-
plankton and zooplankton composition at the Phu 
My species-habitat conservation area can be used 

Figure 6. The indices of H’ and J based on phytoplankton

Figure 7. The indices of H’ and J based on zooplankton

Table 4. Values of H’ and ASPT basing on zoobenthos
No. Sites H’ Level of pollution ASPT Level of pollution

1 N1 - - - -

2 N2 0,69 Heavy pollution 1,5 Very dirty

3 N3 - - - -

4 N4 0 Heavy pollution 2 Very dirty

5 N5 0 Heavy pollution 2 Very dirty

6 N6 0 Heavy pollution 2 Very dirty
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to assess the quality of the water environment in 
the study area, reflecting the current situation of 
the surface water environment being moderately 
polluted from β to severe pollution. 

CONCLUSION

There were 71 species of phytoplankton be-
longing to 5 phyla, 57 species of zooplankton 
belonging to 4 phyla and 2 species of zooben-
thic belonging to two groups. The Euglenophyta 
and Rotifera dominate in the species composition 
structure and the Chlorophyta and Protozoa domi-
nate in the individual density, indicating that the 
water quality in the area is organic and nutrient-
polluted. Typically, some species with high density 
and frequency include Trachelomonas volvocina, 
Phacus torta, Euglena oxyuris, Arcella vulgaris, 
Brachionus bidentata, Lecane hastata, Lecane 
bulla, Lecance pyriformis, Lecance pyriformis and 
Polyarhtra vulgariis. The Shannon-Wiener biodi-
versity index (H’) and Pielou index (J) based on 
phytoplankton and zooplankton composition both 
determine the water environment from moderate 
pollution at β levels to heavy pollution. The results 
of the water quality classification based on ASPT 
showed that the surface water quality in the reserve 
is very dirty. For the study area, water quality as-
sessment based on the composition and density of 
phytoplankton and zooplankton species should be 
given priority should be given over zoobenthic.
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