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INTRODUCTION

Open mining cut operation has become a standard method of coal exploitation and causes 
pit lakes when the operation area is filled by ground, surface, and rain (Subowo G, 2011). 
Paringin District is one of the coal mining areas in South Kalimantan with the exploitation 
method of open pit mining. The open pit mining activity potentially threatens topsoil and soil 
organic matter (Mamodu et al., 2018). The activity also deteriorated hydrological function and 
declined biodiversity (Hermansyah et al., 2022). This activity opens rock layers containing 
sulfur, reacting with water and oxygen to spread sulfide acid into the environment (Ramadhan et 
al., 2020). In addition, coal mine acid water contaminated with sulfide acid and iron can spread 
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Paringin District is one of the coal mining areas in South Kalimantan with the exploitation 
method of open pit mining. This activity opens rock layers containing sulfur, reacting with 
water and oxygen, spreading sulfide acid into the environment. Analysis of the water quality 
of the Post-mining Lake in Paringin District is needed based on the biological parameters. The 
objective aims to analyze the water quality of the Post-mining Lake, Paringin District, based 
on plankton’s abundance, diversity, and dominance. This research was located in Post-mining 
Lake, PT. Adaro Indonesia. Data were taken at three sampling points in the pit pond and three 
depths. Data was taken from 2019 to 2021 using plankton net and analyzed using the enumera-
tion method. The data was processed using the diversity index, dominance index, and saprobic 
index. Phytoplankton and Zooplankton abundance were dependent on three different depths 
(p-value>0.05). The most abundant phytoplankton species in all stations was Oscillatoria sp. 
(>90%) while Nauplius sp. (>30%) for zooplankton. Rainfall in the study area affected the 
number of individual species very weakly. The highest dominance value of phytoplankton and 
zooplankton was recorded around the end of 2019 to early 2020 as well as a saprobic index and 
diversity. Crustacea class considerably exists in all sites, which is Nauplius sp. and Daphnia 
sp. This situation proved there was a recovery of the plankton population in the lake, no algae 
blooming and a balance between nutrients and plankton population. In fact, the aquatic habitats 
are ready to accommodate large ecosystems.
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more widely outside the mining area (Arriaga et al., 2019). The release of sulfide acid into the 
environment can cause high acidity in soil and water, which could harm the ecosystem (Ross 
& Arnott, 2022). In addition, acid mine water can cause corrosion and dissolve metals which 
can potentially increase the value of acidity; this can damage mining infrastructure (Mdumela 
& Sengani, 2021).

Post-mining activities can leave pits filled with acid mine water in large volumes. Acid 
mine water cannot support the photosynthetic activity of phytoplankton, thereby inhibiting the 
growth of phytoplankton (Fengjie L et al., 2022). This situation can interfere with phytoplankton 
reproduction, reducing the number of phytoplankton individuals (Chaktraborty et al., 2021). 
A declined phytoplankton population can limit zooplankton food sources, reducing the total 
number of Zooplankton (Davis et al., 2020). This forming a post-mining lake that cannot 
support the life of aquatic biota.

The restoration of pit pond water quality will be significant in >10 years (Driscoll et al., 2016). 
The pit pond in Paringin District has been in operation for 22 years. Therefore, water quality 
analysis is neccesary to determine the recovery progress of the pit pond. Phytoplankton has an 
essential role as primary producers in aquatic ecosystems (Risacher et al., 2018). Given that 
the observation area is situated in a tropical country, the intensity of rainfall has the potential to 
significantly affect the behavior and distribution of phytoplankton. High rainfall can potentially 
diminish the quality of life for phytoplankton due to nutrient runoff from the surrounding pit 
pond area (Berger & Sweers, 1988). These conditions have impacts on plankton and their 
dominance. Consequently, research is required to investigate the relationship between rainfall 
and the abundance of plankton. The status of ecological systems can be further evaluated by 
measuring the diversity of phytoplankton (Berger & Bij De Vaate, 1983). Their diversity and 
abundance can reflect the ecosystem’s resource supply (Effendi et al., 2016). As a post-mining 
activity, the pit lake is continuously monitored to assess whether the reclamation has succeeded. 
This study aims to understand the plankton community existing by measuring their diversity, 
dominance, and abundance in post-mining lake ecosystems.

MATERIALS AND METHODS

The location of this research is in Post-mining Lake, PT. Adaro Indonesia as a pit pond for 
the study area in Paringin District, Balangan Regency, South Kalimantan Province, Indonesia, 
Latitude -2.313999°, Longitude 115.481482° for the coordinates of the pit pond. The depth of 
the pit pond in the study area is 32.45 m with a volume of 2,509,710 m³ (Sena Pradipta, 2017). 
This study focuses on analyzing the water quality of a 22-hectare pit pond. The coordinates for 
sampling and the depth of Post-Mining Lake Paringin can be seen in Figure 1 and Figure 2. 

The study employed secondary data from PT. Adaro Indonesia, according to the certified 
third-party laboratory in the range of 2019 to 2021 for four quartiles in a year (March-Q1, 
June-Q2, September-Q3, and November-Q4). The samples were obtained from three stations 
representing the pond’s inlet, middle, and outlet. At each sampling station, samples were 
collected in three depths of 0, 5 and 10 meters. Phytoplankton and zooplankton sampling was 
captured using a plankton net with a mesh size of 300 µm (Garcia et al., 2021) and were 
subsequently using the enumeration method (census-SRC) (Kadir et al., 2015).

The total of individual plankton species was analyzed in each quartile, then the diversity 
index, dominance index, and saprobic index were determined. Species abundance was 
estimated into seven categories and grades based on population size (Islam et al., 2022). The 
most abundance (>50%) denoted to A+ grade (very common). More than 15% of the population 
was A grade (common), while >5% were classified as A- or less common. Other categorizations 
were population >1% = B or Few, population >0.5% = B- or very few, population > 0.1%= 
C (rare), and population >0.05%= D (very rare). Species abundance was used to categorize 
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species based on the number of individuals in the observation area (Islam et al., 2022).
The Shannon-Wenner diversity index was determined using the following formula (1).

1
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where: H’ = Diversity index; ni = species number of each species; N = common organisms 
abundance. The diversity index was classified with the following classification: <1: Low 
diversity; 1<<3: Medium diversity; >3: High diversity. The diversity index was used to 
determine the level of diversity of plankton species in the study area (Hidayat et al., 2022).

The Simpson dominance index was determined as follows (Hidayat et al., 2022):

 

 
 

  Fig. 1. The coordinate points for sampling 

Fig. 1. The coordinate points for sampling

 

 

 

 

  

  

Fig. 2. The Depth  of Post-mining Lake Paringin (source: PT. Adaro, 2019) 

Fig. 2. The Depth  of Post-mining Lake Paringin (source: PT. Adaro, 2019)
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where: D = Simpson dominance index; ni = The proportion of each type I; N = The total 
number of individuals of all species in the habitat. The dominance index was classified with the 
following classification: <0.4: low; 0.4<<0.6: medium; >0.6: high. The dominance index was 
aimed to describe the dominance of a species in the study area (Hidayat et al., 2022).

The saprobic index as described by Resiana et al., (2021), was used to determine the level 
of water pollution in the study area based on phytoplankton species. The Saprobic index was 
determined using the following formula (3):

3 3 C D B AX
A B C D
+ − − =  + + +   

(3)

Where: X = Saprobic coefficient; A = Number of species of poly saprobic organisms; B = 
Number of species of α meso saprobic organisms; C = number of species of β meso saprobic 
organisms; D = number of species of oligo saprobic organisms; A, B, C, and D were determined 
according to table of saprobic organisms classification according to (Resiana et al., 2021). The 
Evaluation of the saprobic index value was defined according to the total of phytoplankton 
species (see Table 1).

Regional rainfall was determined by processing daily rainfall data. Daily rainfall was obtained 
from Sanggu Station, Gusti Syamsir Alam Station, and South Kalimantan Station. Daily rainfall 
data was processed using the Thiessen Polygon method with the following formula (4) (Ajr & 
Dwirani, 2019):

P = 1. 1 2. 2 .
1 2

A P A P An Pn
A A An
+ +…+
+ +…+

 (4)

Where (Ezza Qodriatullah Ajr & Fitri Dwirani, 2019): P = Average of daily rainfall; Pn = 

Table 1 Evaluation of the saprobic contamination 
 

Polluter Pollutant level Saprobity level Saprobity index

 
Organic 

very high Poly saprobic -3.0–(-2.0)

high 
Poly meso saprobic 
α meso/poly saprobic 
α meso saprobic

-2.0–(-1.5) 
-1.5–(-1.0) 
-1.0–(-0.5)

organic and inorganic 
medium α/β meso saprobic 

β/α meso saprobic
-0.5–0.0 
0.0–0.5

Low β meso saprobic 
β meso/oligo saprobic

0.5–1.0 
1.0–1.5

organic and inorganic very low oligo/meso saprobic 
oligo saprobic

1.5–2.0 
2.0–3.0

    Source: (Resiana et al., 2021) 
  

Table 1. Evaluation of the saprobic contamination
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Rainfall at each station; and An = Area bounded by each polygon
Statistical analysis was employed non-parametric correlation analysis (p-value<0.05). The 

Spearman rank correlation test was carried out following these interpretation (Putrawiyanta, 
2020): Value of 0,00-0,25 = Very weak; 0,26-0,50 = Enough; 0,51-0,75 = Strong; 0,76-0,99 = 
Very strong. Another statistical analysis was performed quarterly by the Kruskal-Wallis one-
way analysis of variance method and examined at the 5% level of statistical significance. Data 
was then characterized by plankton’s abundance, diversity, and dominance in all sampling of 
locations, depths, and seasons (wet and dry seasons).

RESULTS AND DISCUSSION

A list of plankton collected from the research sites is presented in Table 2. In Q3 2020 there 
was no data collected due to limited activity during the COVID-19 pandemic. A total of 14 
plankton species were identified from all locations. A total of individual plankton was earned 
by 136,779,415 ind/m3. It was obtained from 2019 by 92,017,458 ind/m3, 2020 by 44,735,799 
ind/m3, and 2021 by 26,158 ind/m3. The total of individual plankton base on sampling point 
was earned 34,935,693 ind/m3 in the inlet point, 45,250,852 ind/m3 in the middle point, and 

Table 2. Total of individual species in the research sites 

Species 

Total of individual species in the research sites 
(ind/m3)

Inlet Middle Outlet 
Total 

0 m 5 m 10 m 0 m 5 m 10 m 0 m 5 m 10 m 

Phytoplankton 

Nitzschia sp.  A- A- A- A A A- A- A- A- A+

Navicula sp. B B B A- B- B B B B A

Filopaludina sp. B A- C A- A- A- A- B A- A+

Oscillatoria sp. A+ A+ A+ A+ A+ A+ A+ A+ A+ A+

Zooplankton

Macrocyclops sp. B- A- B A- B D A- B- D A

Mesocyclops sp. A A- C B B- A B A- A- A+

Nauplius A+ A A+ A+ A+ A A A A A+

Thermocyclops sp. A A A A+ A- A- B B B A+

Brachionus sp. A A- A A A A A A A A+

Pila sp. D D D D D D D D D D

Ceriodaphnia sp. D C B- B B- D B C C A-

Trichocerca sp. B D D A- D C B C B A-

Daphnia sp. B B A- D B- B B B B A
Note: A+ = The most abundance (>50%) (very common). A = > 15% of the population (common). A- = >5% or less common. B 
= >1% or Few, B- = >0.5% or very few, C = population > 0.1% or rare, D = >0.05% (very rare). 
  

Table 2. Total of individual species in the research sites
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41,562,216 ind/m3 in the outlet point. The average was obtained at 3 years by 375,262±46,001,642 
ind/m3. The average each year was obtained from 2019 by 800,219 ind/m3±2,632,024.16 ind/
m3, 2020 by 325,557 ind/m3±3,637,801.19 ind/m3, and 2021 by 11 ind/m3±3,625,652.34 ind/
m3. The maximum of phytoplankton was recorded 17.341.245 ind/m3 in outlet point at Q4 2019 
by Oscillatoria sp. The maximum of zooplankton was earned 405.972 in inlet point at Q1 2020 
by Nauplius. The dominant phytoplankton was characterized as Bacillariophyceae class. Most 
Zooplankton were represented by the Crustacea class. The total individual phytoplankton was 
found to be 116,692,877 ind/m3. while in zooplankton was found 20,039,186 ind/m3. 

Based on Kruskal-Wallis Test, phytoplankton and Zooplankton abundance were dependent 
on three depths (p-value>0.05). The highest number of individual Phytoplankton species in 
all stations was Oscillatoria sp. (>90%) (104,270,838 ind/m3) or followed by Nitzschia sp. 
(1,510,693 ind/m3) and Navicula. (5,02,616 ind/m3) (See Table 2). The average of Oscillatoria 
sp. was earned 1.053.241 ind/m3±2.944.317 ind/m3.  Furthermore, the highest number of 
individual Zooplankton species in three locations and three depths was Nauplius sp. (>30%) 
(6,745,419 ind/m3), followed by Thermocyclops sp. (2,122,377 ind/m3), and Mesocyclops sp. 
(1,165,247 ind/m3). The average of Nauplius was earned 68.135 ind/m3±100.784 ind/m3.

The highest number of phytoplankton species was recorded at the inlet point and a depth of 
10 m; meanwhile, the most abundant zooplankton species were recorded at the midpoint and 
a depth of 0 m. The data for the 2019 to 2021 quartiles showed that the number of plankton 
species rose significantly in Q4 2019. The result indicated that Oscillatoria sp. (Cyanophyceae 
class) and Nauplius sp. (Crustacea class) as dominant plankton had enlarged in Q4 2019. 

Daphnia sp. was a species of the class Crustacea. The presence of Daphnia sp. was constantly 
discovered as well. Daphnia sp. was very sensitive to depth. The abundance was depicted by 
following graph.

Figure 3 illustrates the daphnids growing and reproducing rapidly during 2019-2020. However, 
the environmental situations must fit within relatively narrow limits. Those are sensitive to the 
changes in water chemistry and critically rely on pH 7-8, DO > 3 mg/l, temperature 22-31°C, 
and the appearance of metal toxicants (Bianchini & Wood, 2008). At the -10 m depth of 2020, 
has been improved in the total of Daphnia sp. individuals until it reaches 35,084 ind/m3. This 
situation was caused by the level of ammonia, pH, and temperature in the lake water was 
reached in a state of balance for daphnia reproduction (Huang et al., 2017). Unfortunately, 
Daphnia sp. was not found in Q1-Q4 2021. This phenomenon happened because there was a 
lake overflow and land preparation and planting for reforestation effort. Post-mining activities 
that occur was tree coverings with a total of 10,000 trees.That made the water quality being 
lower temporarely because the soil loss might be carried to the lake. 

Table 2 shows many components of plankton of natural non-acidic lakes and sensitivity 

 
 
 

Fig. 3. Total of Daphnia sp. individuals based on depth 
 

 

  

  

Fig. 3. Total of Daphnia sp. individuals based on depth
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to environmental changes, such as Daphnia and Crustacea. To know further regarding the 
ecosystem water quality has been recovered, the study of phytoplankton and zooplankton 
adaptation would be conducted in some calculations below.

The diversity value of the phytoplankton and Zooplankton showed a fluctuation pattern, 
according to Table 3. Diversity time series characteristics were not shown in the different 
patterns at all stations. The highest diversity value of phytoplankton was found in Q3 2021 
(3), followed by Q2 2021 (1.67) and Q3 2019 (1.58). The medium diversity and moderately 
stable community were detected, while Q4 2019 was categorized as low diversity and unstable. 
The phytoplankton diversity at all points sampling in the research area was predicted in the 
medium category (p-value <0.05). The highest diversity value of Zooplankton was recorded in 
Q4 2019 (2.1), followed by Q2 2021 (1.66) and Q1 2020 (1.46) in a row. Those are categorized 
as medium diversity and moderate stable community, while Q4 2020 was classified as low 
diversity and unstable community. The zooplankton diversity at all points sampling in the 
research area was predicted in the medium category (p-value <0.05).  The diversity in 2021 was 
considerably higher than in other quartiles. This indicates that the post-mining lake recovered 
gradually. Medium diversity was indicated meteorological and nutritional factors are suitable 
for food synthesis, growth, and reproduction of plankton (Adebayo-Tayo et al., 2019). 

The dominance value of the phytoplankton and zooplankton showed a fluctuating pattern 
(See Table 3). Dominance time series characteristics were not shown in different patterns at 
three sampling points and depths. The dominance index of phytoplankton varies between 0.16 
and 1. The most dominant phytoplankton was in Q4 2019 (0.99), Q2 2020 (0.98), and Q4 2020 
(0.92), respectively.  The phytoplankton dominance at all points sampling in the research area 
was predicted in the medium category (p-value <0.05). The dominance index of Zooplankton 
varies in a range of 0 to 0.62. The dominance value of Zooplankton was recorded higher in Q2 
2020 (0.62) rather than those of Q1 2019 (0.58), Q4 2010 (0.41), and others. The zooplankton 
dominance at all points sampling in the research area was predicted in the low category (p-value 
<0.05).  Dominance is dependent on critical ecological processes such as competition, predation, 
and succession, and therefore changes in these processes can alter the species Dominance index 
through changes in evenness (Adebayo-Tayo et al., 2019).

In Q4 2019, the dominance value of phytoplankton rose to high dominance, as well as 
Zooplankton in Q2 2020. The results showed that the total phytoplankton species in Q4 2019 
was dominated by the Cyanophyceae class. The Crustacea class dominated the number of 
zooplankton species in Q2 2020.

Providing in Figure 4 can be seen that the species that dominated Q4 2019 is Oscillatoria 
sp. It confirms that the physical and chemical quality of the post-mining lake can support the 
life of the species Oscillatoria sp. well (Marlenny S & Firsty R, 2018). Oscillatoria sp. tends to 
approach the source of sunlight. As a result, the dominance of Oscillatoria sp. on the surface 
of the lake water increases. Consequently, Oscillatoria sp. covers the surface of the lake water 
(Berger & Sweers, 1988). The temperature of the lake water at the bottom and in the middle 
can be lower than that at the surface. Decreasing these temperatures could potentially reduce 
the number of zooplankton. The hatching of zooplankton eggs requires a temperature range of 
22-31°C. If the temperature falls below 22°C, the zooplankton eggs may fail to hatch (Infante 
& Abella, 1985). The Kruskal-Waliss test did not reveal a significant difference in the total of 
individual Oscillatoria sp. at the 0 m, 5 m, and 10 m depths (p-value <0.05). This potentially 
occurred because there was no migration of the species performed in the morning or night in 
the water column over the two seasons (Bon et al., 2021).

The species that dominated Q2 2020 was Nauplius (See Fig. 5). It can be stated that the 
physical and chemical quality of lake water in the research lake can keep up the life of the 
species Nauplius sp. well (Vaschetto et al., 2021). However, the fact that the total of individual 
Nauplius at three depths did not differ significantly (p-value <0.05). Other researchers also 
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Table 3. Diversity, dominance, and saprobic indices measurement of phytoplankton and zooplankton 

 

 
Quartile 

 
Inlet Middle Outlet 

  0 m 5 m 10 m 0 m 5 m 10 m 0 m 5 m 10 m

Q1 
2019 

P. Diversity 1.36 0.271 1.275 1.298 1.336 0.611 1.698 0.966 1.651
Z. Diversity 1.336 0.611 1.698 0.966 1.651 1.296 1.663 2.146 0.937

P. Dominance 0.37 0.58 0.262 0.536 0.228 0.439 0.222 0.131 0.515
Z. Dominance 0.37 0.58 0.262 0.536 0.228 0.439 0.222 0.131 0.515

Saprobic 1.66 1.67 2 2 2 1.5 2 2 2

Q2 
2019 

P. Diversity 0.933 1.494 1.494 0.607 0.435 1 1.107 0.436 0.645
Z. Diversity 1.589 1.63 1.853 1.468 0.898 2 1.485 1.694 1.04

P. Dominance 0.566 0.25 0.25 0.712 0.791 0.425 0.469 0.833 0.68
Z. Dominance 0.292 0.25 0.187 0.264 0.46 0.345 0.356 0.298 0.375

Saprobic 1 1 1 1 1 1.5 2 1.5 1

 
Q3 

2019 

P. Diversity 1.58 1.008 0.966 1.356 1.384 1.414 0.836 0.868 0.407

Z. Diversity 1.67 1.56 1.456 1.354 1.489 1.465 1.595 1.363 1.67

P. Dominance 0.234 0.523 0.52 0.372 0.308 0.27 0.525 0.5 0.806

Z. Dominance 0.25 0.301 0.297 0.345 0.301 0.343 0.317 0.383 0.271

Saprobic 1 1.5 1 1.5 1 1.5 1 1 1

 
Q4 

2019 

P. Diversity 0.517 0.235 0.556 0.025 0.166 0.194 0.137 0.058 0.175

Z. Diversity 1.471 2.154 0 1.701 1.584 1.476 1.708 1.532 1.583

P. Dominance 0.813 0.92 0.715 0.994 0.948 0.938 0.958 0.984 0.94

Z. Dominance 0.26 0.167 0 0.257 0.255 0.33 0.237 0.287 0.298

Saprobic 1.222 1.2857 1 1 1 1 1 1 1

 
 
 

Q1 
2020 

P. Diversity 0 0.47 0.22 1.33 1 0.48 1.46 0.69 0.47

Z. Diversity 1.69 1.27 1.44 1.95 1.58 0.66 1.81 1.28 1.66

P. Dominance 1 0.74 0.91 0.37 0.4 0.7 0.27 0.5 0.79

Z. Dominance 0.23 0.33 0.29 0.18 0.25 0.53 0.21 0.31 0.21

Saprobic 1 1 1 1 1 1 1 1 1

 
 

Q2 
2020 

P. Diversity 0.23 0.42 0.45 0.06 0.18 0.58 0.75 0.47 0.45

Z. Diversity 1.38 1.06 1.48 1.57 1.16 0.88 1.49 0.88 1.43

P. Dominance 0.9 0.83 0.8 0.98 0.93 0.68 0.64 0.81 0.76

Z. Dominance 0.31 0.51 0.3 0.3 0.41 0.62 0.29 0.62 0.33

Saprobic 1 1 1 1 1 1 1 1 1

Table 3. Diversity, dominance, and saprobic indices measurement of phytoplankton and zooplankton
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supported some evidence of the role of physical forces in distributing Zooplankton passively in 
the water column (Holy & Sari, 2020)

In Fig. 6 the rainfall obtained from Q1 2019 to Q4 2021 tends to fluctuate. Based on the 
monthly rainfall chart, the highest point was in March 2020 (459.04 mm/month), while the 
lowest monthly rainfall was in August 2019 (106 mm/month). The average regional rainfall was 
328 mm/month±102.28 mm/month. Fluctuating rainfall graphs was potentially caused by place 
and time (Maqbool et al., 2020). The locations that get high sunlight intensity can increased 
evaporation. Water particles after high evaporation was collected in the atmosphere in high 
numbers  (Corbari et al., 2016). In addition, high sunlight intensity was reduced the melting time 
of ice particles in the atmosphere into rainwater (Corbari et al., 2016). In March, the position of 

 
Quartile 

 
Inlet Middle Outlet 

  0 m 5 m 10 m 0 m 5 m 10 m 0 m 5 m 10 m

 
Q4 

2020 

P. Diversity 0.23 0.6 0.42 0.66 0.97 0.87 1.08 1.3 0.97

Z. Diversity 1.51 1.83 1.62 1.49 1.34 1.78 1.22 1.52 1.34

P. Dominance 0.92 0.77 0.85 0.67 0.47 0.48 0.47 0.37 0.51

Z. Dominance 0.34 0.22 0.29 0.34 0.39 0.27 0.41 0.33 0.36

Saprobic 1.5 1.5714 1.5 1.5 1 1.6 1.67 1.67 1.67

Q2 
2021 

P. Diversity 1.452 1.546 1.475 0.99 1.208 1.119 1.678 1.44 1.66

Z. Diversity 0 0 0 0 0 0 0 0 0

P. Dominance 0.902 0.961 0.916 0.405 0.345 0.399 0.204 0.256 0.206

Z. Dominance 0 0 0 0 0 0 0 0 0

Saprobic 1 1 1 1 1 1 1 1 1

Q3 
2021 

P. Diversity 1.846 1.55 3 1.789 1.036 0.687 1.806 1.48 0.687

Z. Diversity 0.664 0.237 0 0.503 0.218 0 0.727 0.35 0.48

P. Dominance 0.173 0.24 0.96 0.19 0.371 0.506 0.182 0.244 0.50

Z. Dominance 0.107 0.011 0 0.027 0.008 0 0.12 0.07 0.02

Saprobic 1 1 1 1 1 1 1 1 1

Q4 
2021 

P. Diversity 1.98 1.43 0.68 1.94 1.03 1.03 1.75 1.52 1.06

Z. Diversity 0.518 0.278 0.224 0.631 0.218 0.218 0.501 0.230 0.360

P. Dominance 0.154 0.265 0.506 0.16 0.371 0.371 0.142 0.222 0.358

Z. Dominance 0.031 0.02 0.012 0.08 0.008 0.003 0.029 0.01 0.197

Saprobic 1 1 1 1 1 1 1 1 1
Note: Z: Zooplankton; P: Phytoplankton 
 

Continued Table 3. Diversity, dominance, and saprobic indices measurement of phytoplankton and zooplankton
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 Fig. 4. Phytoplankton dominance at the midpoint 10 m depth in Q4 2019 
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Fig. 5. Zooplankton dominance at the midpoint 10 m depth in Q2 2020 
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 Fig. 6. Monthly Rainfall in the observation Area 
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the earth’s orbit to the sun was close, but the earth rotates with an inclination of 23.45o. Based 
on this condition the earth’s temperature in the tropics was not at its peak (Peng et al., 2021). 
The temperature of the earth’s surface in March in the tropics carried the continuity of a good 
rainfall cycle (Peng et al., 2021). In addition, in March the west monsoon blows was increased 
the chances of high rainfall [81]. This statement was shown by Fig. 6 in March Q1 had high 
rainfall for 3 years. Factors that could affected the distribution of rain include geography and 
topography (Peng et al., 2021).

In this study, the species that had the highest number of individuals was Oscillatoria sp. and 
Nauplius. One of the factors that can potentially increase the number of individuals was rainfall 
(Peng et al., 2021). High rainfall was a medium for transporting plankton into the lake  (Corbari 
et al., 2016). Based on this events, the value of rainfall in the study area was potentially affected 
the number of individuals.

The results of relation value between rainfall and the number of Oscillatoria sp. was showed 
66% very low relationship value. That can be indicated that there are other factors that affected 
the number of Oscillatoria sp. on the lake. Researchers indicated that the factor of sunlight 
intensity could have a high effect on the number of Oscillatoria sp. The correlation value was 
showed positive so that the higher rainfall value, the higher number of Oscillatoria sp. on the 
lake.

The results of relationship between rainfall and the number of individual Nauplius was 
showed that 55% have a very low relationship. Therefore, it can be indicated that there are other 
factors that have a strong correlation with the number of individual Nauplius species in the 
lake. Researchers indicated lake water temperature was a factor that influenced to the number 
of Nauplis. The correlation value was showed positive so that the higher the rainfall value, the 
higher the number of Nauplius in the lake.

Maximum correlation value of rainfall to Oscillatoria sp. and Nauplius were found at an inlet 
point with a depth of 10 m. In this area, the correlation of rainfall to Oscillatoria sp. by 0.6 or 
a very strong relationship. The highest relationship between rainfall and Nauplius was 0.47 or 
enough. This condition was caused by the inlet point being the first area to receive rainwater 
and there is no vegetation cover (Santoso, 2021). In this situation, the lake received rainwater 
in large quantities and the rainwater dilution occurred earlier than the midpoint and outlet. 
This situation was caused sufficient organic matter for photosynthesis and food sources for 
zooplankton (Santoso, 2021). The minimum point of the correlation value was at the midpoint 
of 10 m depth. In this situation, the correlation value between rainfall to Oscillatoria sp. was 
0.06. beside that, the correlation rainfall between Nauplius was 0.24. This was because at a 
depth of 10 m, rainwater did not properly dilute lake water. In this situation water dilution 
proportional to water depth (Santoso, 2021). 

In Table 3, the saprobic value showed a stable pattern. Saprobic time series characteristics 
were not shown in different patterns at three sampling points and depths. The saprobic index 
was calculated around 1-2. The highest index was observed in Q1 2019 (2), followed by Q2 
2019 (2) and Q4 2020 (1.67). The water quality at all sampling points in the research area was 
predicted to be in the very lightly polluted category. Based on the classification of the saprobic 
index, the very lightly polluted class is the best water quality class or oligo/mesosaprobic. Very 
lightly polluted indicated that the observation area can accommodate producers in the form of 
phytoplankton which are sensitive to polluted water (Sari et al., 2018). This situation shows 
that the research area was ready to accommodate a larger number of producers (Qiong Zhang 
& Rosalind E.M.R., 2020). Very lightly polluted categories can be identified by the fact that 
there are organic and inorganic materials in the lake (Resiana et al., 2021). This condition can 
be estimated that inorganic materials was lower than organic materials because there is a genus 
that can utilize organic matter for its survival, namely Cyanophyceae, besides that there is a 
genus that cannot survive high inorganic materials, namely Crustacea.
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In the research area, there was no activity and pollutants coming from humans. Thus, organic 
and inorganic matter come from runoff water pouring into the lake. Runoff water comes from 
rainwater combined with surrounding catchment areas of post-mining areas and forest habitats. 
The soil in the observation area has the potential to contain soil types that were easily eroded by 
water, contain organic and inorganic materials. Some minerals dissolved from drainage could 
potentially impact the saprobic value as well (Sari et al., 2018). The entry of organic and inorganic 
materials can change the quality of lake water so that it can keep up the activity and growth 
of phytoplankton (Qiong Zhang & Rosalind E.M.R., 2020). However, the macronutrients that 
enter the lake too high can cause algae blooms. At the research location the values   of diversity 
and dominance fell into the low to medium category. This condition proves that there was no 
algae blooming and there is a balance between nutrients and the total of individual plankton.

According to statistical data processing, there is no difference in the average saprobic index 
values   at the three depths at the inlet, middle, and outlet points (p-value <0.05). The saprobic 
index was not detected in the depth variation. This situation was caused by some factors such 
as meteorological factors supporting the process of adequately diluting lake water so that lake 
water’s physical and chemical qualities are evenly distributed (Blanchette & Lund, 2016). 

The saprobic index classification shows that Oscillatoria sp. belongs to the β-Mesosaprobic 
group. The high abundance of Oscillatoria sp. was indicated prolific water in the Post-mining 
Lake in Paringin District (Li et al., 2021). Oscillatoria sp. was created chlorophyll-a (Bon et al., 
2021). Chlorophyll-a was formed from the mixing reaction of chlorophyll with ATP-activated 
tRNA, magnesium, and nitrogen (Equation 4.3) (Bon et al., 2021).

C55H72O5 + 4N + Mg → C55H72O5N4Mg      (4)

The chlorophyll-a absorbed blue and red photons at λ 673 nm from sunlight (Hefni et al., 
2016). After that, Oscillatoria sp. was absorbing water and carbon dioxide to produce glucose 
(Equation 4.4) (Bon et al., 2021). 

12 H2O +6 CO2 → C6H12O6 +6 O2 +6 H2O                (5)

Glucose can be converted into proteins, fats, nucleic acids and other organic molecules (Bon 
et al., 2021). The results of converting glucose can be utilized by Oscillatoria sp. for cell growth. 
The death of Oscillatoria sp. can dropped organic elements in the water so that it becomes a 
raw material for the production of chlorophyll in other. Hence, the life cycle of Oscillatoria sp. 
can be a basic ingredient in the production of another type of chlorophyll and the production of 
organic matter in waters (Li et al., 2021). 

In Fig. 7 Oscillatoria sp. was became a species that rose significantly in Q4 2019. This 
condition was potentially to be affected by the optimum pH value (Zuorro et al., 2021). The best 
pH to built Chlorophyll-a in lake waters was 7.9-8 (Rahmah et al., 2022). Optimum pH changes 
can bound Mg elements and then produce chlorophyll-a with color pigments that do not change 
(Adebayo-Tayo et al., 2019). Stable pigments indicated the best photon absorption ability for 
photosynthesis (Rahmah et al., 2022). In addition, a neutral pH could optimize nutrient solutions 
to be diluted using transport tissues throughout the body (Adebayo-Tayo et al., 2019). 

There was a reduced in the number of Oscillatoria sp. individuals at the midpoint shown 
in Q1 2020 (See Fig 7). Decline the density of Oscillatoria sp. was influenced by the low 
adaptability to the huge TSS (Bhuyar et al., 2020). A large TSS value marked there was an 
inflation of particulates in the water. The high number of particulates in the water could cover 
the surface of the water so that the water becomes turbid (Maqbool et al., 2020). Covering the 
water surface by a high number of particulates effected sunlight to be reflected by the particles 
(Verma & Srivastava, 2016). This situation causes the population of Oscillatoria sp. do not get 
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sunlight evenly (Maqbool et al., 2020). The population of Oscillatoria sp. become malnourished 
and then die (Verma & Srivastava, 2016). Therefore, the number of individual Oscillatoria sp. 
potentially had a stronger relationship to sunlight intensity than rainfall. The water has a high 
chance of getting turbid when there was an eroded land. Erosion on land can occurred in the 
areas that have mollisol soil. Mollisol soil had a low density (Dwi Agung Pramono, 2016). 
Mollisol soil can be found in South Kalimantan Province, Balangan Regency, Paringin District 
so that the study area has the potentially to have mollisol soil (Fiantis, 2017). 

In the midpoint Q1 2020 there was a rose of Nauplius individuals (See Fig. 8). The huge 
number of Nauplius individuals was effected by the optimal water temperature value for 
carrying out the hatching function (Dunstan et al., 2011). Optimal temperature was optimized 
cell performance and then increased the speed of cell cleavage (Hamre et al., 2013). Rapid cell 
cleavage has an impact on massive cell growth(Berger, 1989). In addition to high cell growth, 
the optimal temperature could not damage the shell significantly so that the shell cracking or 
molting period lasts a long time (Katircioǧlu et al., 2008). High cell growth accompanied by 
a long molt period resulted in the quality of Nauplius individuals that can hunt well (Ricardo 
Jiménez Montealegre et al., 1995). This situation can improve the quality of life of Nauplius. 
A good quality of life for Nauplius could boosted the number of reproductive activities, then 
increasing the number of individuals (Tri Aditya et al., 2019). The number of individual Nauplius 
potentially had a stronger relationship to lake water temperature than rainfall.

 
 

 

Fig. 7 Total of Individual Species Oscillatoria sp. in the inlet point 

  

 
 
 

Fig. 8 Total of Individual Species Nauplius sp. in the midpoint 
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Fig. 8 Total of Individual Species Nauplius sp. in the midpoint
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The dominance values of phytoplankton were dropped   in Q3 2019, Q1 2020 and Q4 2021 
(See Table 3). This situation was caused by environmental factors around the lake which have 
been well isolated so that no pollutants and human activities enter the lake (Ross & Arnott, 2022). 
In addition, there was no intentional addition of predators into the lake so that the balance of 
the ecosystem towards predators and producers runs in balance (Tjahjono A & Hartanto, 2020). 
All of these factors could support the growth of the number of species in equal (Suryani, 2018). 

In Q1 2021, the dominance value of zooplankton was continued to decline. This situation 
was caused by high species dominance leading to high densities in Q4 2020 (Vaschetto et al., 
2021). High density causes the availability of nutrients to be increasingly limited. The dominated 
species was migrated to reduce density (Holy & Sari, 2020) Migration of zooplankton was built 
the balance of zooplankton species so that there is no tight competition for nutrients in the study 
area (Maqbool et al., 2020). The balance of the number of individual species in the observation 
area could maintain a good and sustainable food chain cycle (Gal et al., 2016). The observation 
area was ready to accommodating a more complex food chain (Holy & Sari, 2020).

The diversity value of phytoplankton was continued to enlarge Based in Q3 2021. It was 
categorized as a moderate diversity. Diversity values   from medium to high can be indicated 
the water has physical and chemical quality that can support the asexual reproduction of 
phytoplankton (Adebayo-Tayo et al., 2019). This situation was indicated in Q3 2021 has a pH 
value of 7.9 – 8, this value is optimal for the reproduction of aquatic biota. In the observation 
area,   the phytoplankton species was found to have characteristics in the form of multicellular 
filaments. This species reproduces by binary fission and fragmentation (Sahidin et al., 2019). 
The process of dividing the cell nucleus into new individuals was required a stable cycle of 
chemical energy transfer throughout all cells within individual phytoplankton (Sun et al., 2020). 
Therefore, the optimal H+ concentration was an important role in maintaining the cycle of 
chemical energy exchange by ATP in cells (Escalas et al., 2019). 

The diversity of zooplankton at all sampling points was raised to become moderate diversity 
in Q4 2020. The medium diversity of zooplankton was indicated the balanced of plankton 
ecosystem. This statement was proven that phytoplankton in Q4 2020 was in moderate diversity. 
The balance of phytoplankton and zooplankton could create a balanced and sustainable food 
chain cycle (Escalas et al., 2019). Diversity in the moderate category in post-mining lakes occur 
in Post-mining lake of PT Bukit Asam, the lake was 21 years old and has moderate diversity in 
zooplankton and phytoplankton (Kodir et al., 2017). Then another study took place in the Post-
mining lake of PT. Kasongan Bumi Kencana, the lake was 25 years old has a high diversity of 
plankton (Putrawiyanta, 2020). This situation showed that the ecosystem activity of aquatic 
biota in the study area was developed to larger ecosystem gradually (Adebayo-Tayo et al., 
2019).

CONCLUSION

The most abundant phytoplankton species in all stations was Oscillatoria sp. (>90%) 
while Nauplius sp. (>30%) was detected for zooplankton. The number of individual species 
in the study area had a very weak relation value to rainfall. The highest dominance value of 
phytoplankton and zooplankton was recorded around the end of 2019 to early 2020 as well as 
a saprobic index for phytoplankton. Otherwise, diversity was found higher in 2021 rather than 
other years, notably Q2 2021. After the Q4 2019 period, the diversity value in the research lake 
improved to moderate diversity. This situation proved there was a recovery of the plankton 
population in the lake. At the research location the values   of diversity and dominance were 
reached to the medium category. This condition validated that there was no algae blooming and 
there was a balance between nutrients and the total of individual plankton.
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