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Abstract: This investigation evaluated spatial and temporal variations in plankton 
abundance and community structure to determine their effectiveness as bioindicators of 
water quality in coastal rice-field ecosystems of Batang Regency, Central Java. Plankton 
samples were collected from five sampling stations using 80 mL film vials and 
subsequently identified through laboratory-based taxonomic analysis. Key 
physicochemical factors were measured ex situ, and the analyses evaluated plankton 
abundance, Shannon–Wiener diversity index (H’), evenness (e), dominance (C), and 
saprobic index. Results demonstrated relatively low plankton abundance, with 
Bacillariophyceae (40%), particularly Chaetoceros sp., representing the principal 
taxonomic group, followed by Chlorella sp. Moderate diversity levels (H’ = 1.45–2.85), 
high evenness (e > 0.6), and low dominance (C < 0.5) indicated a community structure 
with stable ecological dynamics. Most water quality parameters conformed to 
Indonesian water-quality criteria, characterized by a salinity of 0.5 g/L, temperatures of 
23–24 °C, and dissolved-oxygen concentrations above 4.0 mg/L. However, the saprobic 
index revealed light to moderate pollution at stations near settlements and downstream 
river segments, likely influenced by domestic wastewater, agricultural runoff, and 
seawater intrusion. Overall, the ecosystem remained supportive of primary productivity, 
emphasizing the significance of plankton as sensitive indicators for monitoring coastal 
agricultural environments. 
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Introduction  
 

The coastal zone of Batang Regency functions as an 
active agro-industrial region that has been utilized for 
agricultural production for many years. Besides 
supporting agricultural activities, the area also hosts 
tourism, port operations, and aquaculture, thereby 
increasing the vulnerability of its agricultural 
landscapes to various forms of environmental pollution 
(Ariadi et al., 2025). Such pollution is driven by the 
increasing intensity of human activities and the 
associated runoff of waste (Feng et al., 2025). Another 
negative impact of intensive agro-industrial activities in 

the coastal region of Batang is the risk of environmental 
quality degradation due to excessive pollutant loads 
(Yasmeen et al., 2024). 

The agricultural sector in Batang Regency has 
functioned as productive agro-industrial area for 
decades. Major cultivated commodities include paddy, 
maize, soybean, cassava, and peanuts (Escobar et al., 
2020). Despite its productivity, the coastal region of 
Batang is highly vulnerable to the impacts of climate 
change, which manifest in erosion, land subsidence, 
degradation of soil quality, and seasonal flooding 
(Sahara et al., 2025). These cumulative effects have 
significant implications for the sustainability of 
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agricultural practices in the coastal zone (Kuncheva et 
al., 2025). 

Ecological challenges in Batang’s coastal 
agricultural zones are expected to become increasingly 
complex if left unmanaged. Intensifying human 
activities, coupled with expanding land use, threaten the 
environmental sanitation of agricultural areas 
(Rosenqvist et al., 2022). Major agricultural impacts 
include declining crop yields, environmental 
degradation, abnormal growth patterns of cultivated 
crops, and increased plant disease prevalence (Espinoza 
& Escobal, 2025). Pollution impacts on paddy field 
environments in Batang Regency can be assessed 
through physical, chemical, and biological analyses. 
Biological analysis can be conducted by examining the 
dominance of microorganisms as environmental 
bioindicators (Chadda-Harmer et al., 2025). 

Among microorganisms, plankton serve as reliable 
bioindicators of the fertility status of wet agricultural 
lands (Xu et al., 2016). Plankton are widely recognized 
as indicators for assessing the fertility of paddy field 
waters (Frau et al., 2021). Their presence influences the 
primary productivity of paddy field waters, which 
determines their suitability as cultivation media 
(Berman et al., 2022). In unpolluted paddy waters, a 
balanced ratio of plankton species can be observed (Lyu 
et al., 2025). Conversely, polluted waters are often 
characterized by plankton diversity dominated by a few 
species. Plankton abundance and the presence of specific 
taxa can thus serve as indicators of aquatic soil fertility 
in relation to environmental change (Chang et al., 2024). 

Based on this background, the objectives of this 
study were to examine the abundance and diversity of 
plankton as bioindicators in coastal paddy fields of 

Batang Regency, both temporally and spatially. In 
addition, the study aimed to assess water quality 
conditions and pollution levels in paddy field waters 
using the saprobic index. This research is important 
because plankton are sensitive bioindicators capable of 
detecting changes in water quality in coastal rice paddy 
ecosystems that are vulnerable to seawater intrusion, 
agricultural runoff, and domestic waste (Ariadi et al., 
2025). Through analyses of abundance, diversity, and 
saprobic indices, this research provides a scientific 
understanding of ecological conditions and the level of 
pollution present in the study area. The results 
contribute to the development of aquatic ecology and 
environmental management, while providing a 
scientific basis for pollution mitigation strategies. 
Furthermore, these findings support sustainable 
agricultural practices by providing recommendations 
for water quality management for policymakers and 
stakeholders. 

 
Method  
 
Study Area 

This research was conducted in April 2025 in the 
coastal agricultural areas of Batang Regency, Central 
Java, Indonesia. 
 
Station Determination 

Sampling stations were selected based on the 
diversity of land uses and the overall environmental 
conditions of the study area to minimize potential data 
bias. The location map of the study area is presented in 
Figure 1. 

 

 
Figure 1. Study area in Batang Regency 

 
Plankton samples were collected using 80 mL film 

bottles, each labeled according to the respective station. 
The samples were subsequently identified at the Water 
Quality Laboratory of Universitas Pekalongan. 
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Measurements of physicochemical water parameters, 
including pH, temperature, salinity, and dissolved 
oxygen, were conducted ex-situ. 

Plankton abundance was calculated using the 
formula from American Public Health Association 
(2005): 

 
𝑁 = !

"
× #$

#%
× &$

&%
× $

'
 (1) 

 
Where: 
N : plankton abundance (ind/L) 
T : number of squares in the Sedgwick-Rafter 

Counting Cell (SRC) (1.000) 
L : number of squares in one field of view 
p1 : number of plankton observed 
p2 : number of SRC squares observed 
V1 : Volume of water in the sample bottle 
V2 : volume of water in one SRC square 
w : volume of water filtered 
 
Data Analysis 
Shannon–Wiener Diversity Index (H’) 

Plankton diversity was calculated using the 
Shannon–Wiener formula (Odum, 1971): 
 
𝐻( = −∑𝑝𝑖. ln 𝑝𝑖  (2) 
𝑝𝑖 = 𝑛𝑖	𝑁  (3) 
 
Where: 
H′ : Shannon–Wiener diversity index 
ni : number of individuals of the 𝑖-th plankton genius 
𝑁 : total number of individuals across all genera 
 
Diversity criteria were classified as follows: 𝐻′< 1 = low 
community stability, 1 < 𝐻′ < 3 = moderate stability, and 
𝐻′ > 3 = high stability (Odum, 1971). 
 
Evenness Index (e) 

Evenness was calculated using the following 
equation: 
 
𝑒 = )(

)!"#
  (4) 

𝐻*+, = ln 𝑆 (5) 
 
Where: 
𝑒 : evenness index 
𝐻′ : Shannon–Wiener diversity index 
𝐻′max : maximum diversity index 
𝑆 : number of plankton species 
 
Evenness criteria: 𝑒 > 0.6 = evenly distributed taxa; 0.4 ≤ 
𝑒 ≤ 0.6 = moderately even distribution; 𝑒 < 0.4 = uneven 
distribution (Odum, 1971). 
 
 

Dominance Index (C) 
Plankton dominance was calculated using the 

following equation (Odum, 1971): 
 
𝐶 = ∑(𝑛𝑖/𝑁)%  (6) 
 
Where:  
𝐶 : dominance index 
𝑛𝑖 : number of individuals of a species 
𝑁 : total number of individuals across all species 
 
Interpretation: 𝐶 approaching 0 indicates no dominant 
species, while 𝐶 approaching 1 indicates the presence of 
a dominant species. 
 
Saprobic Index (X) 

The saprobic index was calculated using the 
equation proposed by Dresscher & van der Mark (1976): 
 
𝑋 = -./0121/3

3.2.-.0
  (7) 

 
Where: 
𝑋 : saprobic coefficient (range: -3 to +3) 
𝐴 : number of taxa from Cyanophyceae (polysaprobic 

group) 
𝐵 : number of taxa from Euglenophyceae (α-

mesosaprobic group) 
𝐶 : number of taxa from Chlorophyceae (β-mesosaprobic 

group) 
𝐷 : number of taxa from Chrysophyceae (oligosaprobic 

group) 
 
Water Quality Parameters 

Water quality parameters were analyzed 
descriptively by comparing the measured values to the 
Indonesian water quality standards as stipulated in 
Government Regulation No. 82 of 2001. The analysis was 
conducted comprehensively to assess the overall 
condition of the water in the study area. 
 
Results and Discussion 
 
Plankton Abundance and Diversity 

The results revealed that plankton abundance in the 
paddy-field waters of Batang Regency remained 
relatively low. The most dominant group was 
Bacillariophyceae, accounting for 40% of the total 
abundance, which was substantially higher than that of 
other plankton groups (Figure 2). Similar findings were 
reported by Ariadi et al. (2022), who observed that 
Bacillariophyceae were the dominant plankton group in 
the northern waters of Pekalongan–Batang. 
Bacillariophyceae are widely distributed in tropical waters 
due to their high adaptability to varying aquatic 
temperature ranges (Prasetiya et al., 2025). Batang 
Regency, located along the northern coast of Java, 
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experiences warm temperatures year-round, providing 
favorable conditions for Bacillariophyceae to persist for 
extended periods. 
 

 
Figure 2. Percentage of plankton by division 

 
The dominant plankton genera in the paddy field 

waters were Chaetoceros sp. and Chlorella sp. (Figure 3). 
Chaetoceros sp. belongs to Bacillariophyceae, while 
Chlorella sp. belongs to Chlorophyceae. Both are 
cosmopolitan plankton genera with moderate 
dominance levels (Hogg et al., 2018). The presence of 
Chaetoceros sp. indicates balanced nutrient availability in 

the water (Bhattacharjya et al., 2022), whereas Chlorella 
sp. reflects the tropical nature of the paddy field 
ecosystem in Batang Regency (Debnath et al., 2025). 

Nutrient levels in the paddy field waters tend to be 
elevated due to agricultural fertilizer runoff. 
Additionally, domestic wastewater from nearby 
settlements contributes to nutrient enrichment. 
Chaetoceros sp. thrives in nutrient-rich environments 
(Pérez et al., 2017), while Chlorella sp. is highly adaptive 
and dependent on waters with elevated nutrient 
concentrations (S. Wang et al., 2022). The abundance of 
Chaetoceros sp. and Chlorella sp. is closely related to the 
N:P ratio in the paddy waters. 

The cosmopolitan nature of Chaetoceros Sp. suggests 
that the plankton community in Batang’s paddy fields is 
influenced by both freshwater and brackish water 
characteristics. Chaetoceros sp. is often found in brackish 
environments with moderate salinity (Zhang et al., 
2025). In the coastal agricultural areas of Batang, 
seawater intrusion into paddy fields, although minimal, 
is common. Moreover, Chaetoceros sp. can also tolerate 
high concentrations of dissolved organic matter 
(Lanzillotta et al., 2004). 

 

 
Figure 3. Plankton abundance in paddy field waters 

 
Other commonly found plankton in the paddy field 

waters included Coscinodiscus sp., Rhizosolenia sp., 
Navicula sp., and Scenedesmus sp., all belonging to 
Bacillariophyceae. Members of Bacillariophyceae can 
survive even under poor-quality conditions (Zaghloul et 
al., 2024). Coscinodiscus sp., in particular, is used as a 
bioindicator of degraded aquatic environments 
(Ameryk et al., 2014). 

The presence of several plankton genera such as 
Chaetoceros sp., Navicula sp., and Scenedesmus sp. 
indicates that the paddy field waters in Batang Regency 
are highly eutrophic. This condition is likely attributed 
to the elevated use of phosphorus and nitrogen during 
paddy cultivation (Gu & Yang, 2022; Zabbey et al., 2025). 
Furthermore, surrounding environmental factors, such 
as river inflows carrying excess nutrients, contribute to 
enhanced the primary productivity of paddy field 

waters (Chen et al., 2025). Agricultural lands in Batang 
Regency, located in lowland areas, are highly 
susceptible to runoff from upstream regions (Potdar et 
al., 2025). 

Plankton diversity indices (H’) in Batang’s paddy 
fields ranged from 1.45 to 2.85, indicating a moderate 
level of diversity (Figure 4). These values also reflect 
relatively stable plankton community structures. 
Stations 1, 2, and 4 recorded relatively higher H’ values, 
suggesting better community stability under various 
environmental conditions. Plankton’s diversity stability 
is strongly influenced by surrounding aquatic 
environmental conditions (Amorim & Moura, 2021; Yan 
et al., 2025). The proximity of rivers, which serve as 
irrigation sources, significantly shapes plankton 
community composition.

0

100

200

300

400

500

600

700

800

Chaetoceros
sp.

Coscinodiscus
sp.

Nitzchia sp. Pleurosigma
sp.

Rhizosolenia
sp.

Chlorella sp. Navicula sp. Scenedesmus
sp.

To
ta

l n
um

be
r o

f i
nd

iv
id

ua
ls

 
(in

d/
L)

Genus Plankton

Paddy field
River



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 723-732  
 

727 

 
Figure 4. Plankton diversity index (H’) 

 
Evenness index values in the paddy waters were 

generally high (>0.6) or close to 1.0, indicating no 
dominance by any particular plankton species. This 
observation was consistent with low dominance index 
values (<0.5). The relatively stable evenness and 
dominance indices are attributable to the overall low 

plankton abundance in the study area (Figure 5). 
Seasonal variations and agricultural practices during the 
paddy cultivation period strongly influence plankton 
abundance patterns, which in turn affect evenness and 
dominance indices (Apego et al., 2024; Frau et al., 2021). 

 

 
Figure 5. Plankton evenness and dominance indices 

 
High plankton diversity in the paddy field 

ecosystem was associated with water temperature and 
dissolved oxygen levels (Jankauskienė et al., 2025). 
Elevated dissolved oxygen (>4.0 mg/L) and stable 
temperatures promote greater plankton diversity. High 
dissolved oxygen levels in paddy waters are driven by 
water circulation and the presence of aquatic vegetation 
(Amorim & Moura, 2021). Stable water circulation and 
the presence of nutrient-absorbing plants help maintain 
oxygen solubility in the aquatic ecosystem (Firdausa et 
al., 2024). 

The relatively high evenness index and low 
dominance index values indicate active grazing 
processes in the paddy field ecosystem. Moreover, stable 
nutrient availability and high soil organic matter content 
influence plankton evenness (Ariadi et al., 2025). Paddy 
ecosystems with balanced interactions between soil, 
water, and fertilizer runoff tend to strongly support 

plankton persistence (Sudhakar et al., 2025). 
Additionally, water turbidity and flow velocity also play 
a role in shaping the existing plankton community 
structure (Mardiana et al., 2024). 
 
Water Quality 

The water quality parameters in the paddy field 
aquatic environment were generally favorable and 
complied with the water quality standards stipulated in 
Government Regulation No. 82 of 2001 (Table 1). The 
concentrations of these parameters within the paddy 
field ecosystem were highly supportive of both aquatic 
life and paddy cultivation as an agricultural commodity. 
Moreover, water quality values were relatively uniform 
across all sampling stations, indicating that the 
ecological conditions within the paddy field waters were 
largely homogeneous. 
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Table 1. Water quality parameters of paddy field waters 

Parameter Station River 1 2 3 4 5 
pH 7.1 7.2 7.1 7.1 7.2 7.1 
Temperatur (°C) 23.50 24.15 23.50 24.00 23.25 23.15 
Salinity (g/L) 0.5 0.5 0.5 0.5 0.5 0.0 
Dissolved oxygen (mg/L) 4.53 4.67 4.21 4.79 4.52 4.88 

A notable observation from the water quality data 
was the salinity level, which reached 0.5 g/L. This 
suggests the presence of saline elements in the paddy 
field water. The saline content is likely attributable to the 
proximity of the paddy fields to coastal areas, allowing 
for the intrusion of brackish water, coupled with high 
rainfall intensity. A salinity level of 0.5 g/L remains 
within the tolerance threshold for paddy growth (Peng 
et al., 2025). This slightly saline condition also influences 
plankton composition, which was dominated by 
Bacillariophyceae (Prasetiya et al., 2025). 

High dissolved oxygen levels (>4.00 mg/L) 
combined with stable temperatures can promote crop 
growth under intensive agricultural systems. 
Furthermore, the generally favorable water quality 
indicates minimal pollution levels in the study area (Zou 

et al., 2021). Good water quality serves as an ecological 
indicator that the aquatic environment remains capable 
of sustaining biological life (Soeprapto et al., 2023). 
Appropriate agricultural engineering strategies should 
be considered to optimize crop selection based on these 
favorable water conditions (Al Ramadhani et al., 2024), 
thereby ensuring optimal paddy field productivity. 
 
Saprobity Index of Paddy Field Waters 

The ecological quality of paddy field water 
ecosystems can also be assessed through the saprobic 
index (X). The saprobic coefficient in the paddy field 
ecosystem indicated a condition ranging from slight to 
moderate pollution, classified within the β-
Meso/Polysaprobic to α-Mesosaprobic phases (Table 2). 

 
Table 2. Saprobity index of paddy field waters in Batang Regency 
Location Saprobic Index Saprobic Phase Pollution Level Pollution Load 
Paddy field 
Station 1 -1 α-Mesosaprobic Moderately high High organic compounds 
Station 2 1 β-Meso/Polysaprobic Slight/low Organic and inorganic compounds 
Station 3 -1 α-Mesosaprobic Moderately high High organic compounds 
Station 4 1 β-Meso/Polysaprobic Slight/low Organic and inorganic compounds 
Station 5 0 β/α-Mesosaprobic Moderate Organic and inorganic compounds 
River 
Station 1 -1 α-Mesosaprobic Moderate High organic compounds 
Station 2 -1 α-Mesosaprobic Moderate High organic compounds 
Station 3 -1 α-Mesosaprobic Moderately high High organic compounds 
Station 4 0 β/α-Mesosaprobic Moderate Organic and inorganic compounds 
Station 5 -1 α-Mesosaprobic Moderate High organic compounds 

Based on water quality data, the condition of paddy 
field waters in Batang Regency is still generally good 
when referring to the water quality standards stipulated 
in Government Regulation No. 82 of 2001. However, 
analysis of the saprobic index revealed relatively high 
levels of pollution at Station 1, Station 3, and Station 3 
(river). This was primarily due to the proximity of these 
stations to densely populated areas and the timing of 
sampling. Pollution at Station 3 (river) was likely 
influenced by its location in a downstream area where 
tributaries converge, increasing the potential for water 
contamination. Seasonal variations also play a 
significant role in determining the pollution status of 
aquatic environments (Panigrahi et al., 2013). 

The presence of pollution indicators in paddy field 
areas suggests that paddy cultivation zones in Batang 
Regency have already reached a polluted status. 
Potential sources of contaminants include domestic 

wastewater, industrial effluents, and tourism-related 
waste. The degree of pollution may change if there is a 
reduction in human activities around the paddy fields 
(Ma & Yuan, 2024). In addition, the excessive use of 
chemical fertilizers and pesticides also contributes 
significantly to pollution levels in paddy field 
ecosystems (Tan et al., 2020). 

Polluted paddy field areas can be managed by 
adjusting the types of crops cultivated to suit 
environmental conditions (Hanif et al., 2023). Certain 
plant species, such as water spinach (Ipomoea aquatica), 
Chinese kale (Brassica oleracea var. alboglabra), and beans, 
are suitable for cultivation in dryland areas under 
tropical temperatures (Al Ramadhani et al., 2024; 
Handriatni et al., 2024). Moreover, agricultural land in 
the coastal areas of Batang Regency is also considered 
suitable for cultivating dragon fruit (Hylocereus spp.) and 
watermelon (Citrullus lanatus) (Mondol et al., 2025). Such 
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alternatives could serve as agronomic references for 
developing productive agricultural zones. 

Overall, this study found the dominance of the class 
Bacillariophyceae, with Chaetoceros sp. as the prevailing 
plankton. This indicates that paddy field waters remain 
sufficiently fertile, with good primary productivity 
levels (Ariadi et al., 2022, 2024). Furthermore, the 
relatively high diversity index and low dominance index 
suggest that the biological community in Batang 
Regency’s paddy field waters is still ecologically sound. 
This is supported by water quality parameters that meet 
the standard requirements for agricultural and 
aquaculture activities. 

A key finding from this research is the identification 
of several stations classified as moderately polluted 
based on the saprobic index. This serves as a warning 
that certain paddy field areas have entered a polluted 
state, thus requiring anticipatory measures. A healthy 
paddy field ecosystem supports both land productivity 
and the sustainability of agricultural practices (Colombi 
et al., 2025). 

The adoption of precision agriculture is highly 
recommended to mitigate land quality degradation and 
prevent declines in crop yields (Sharma & Khullar, 
2025). Coastal paddy field ecosystems are particularly 
vulnerable to pollution impacts, thus necessitating 
specific engineering strategies in farming operations 
(Mulla et al., 2025). In some cases, environmental 
manipulation for agriculture in coastal regions involves 
periodic cultivation cycles or the implementation of 
farming operations during specific periods (Y. Wang et 
al., 2025). Such an approach is considered ideal for 
moderate application in saline or marginal agricultural 
lands. 
 
Conclusion  
 

The plankton community in the paddy field waters 
of Batang’s coastal region demonstrated relatively stable 
abundance, with Bacillariophyceae emerging as the 
predominant class. Chaetoceros sp. was identified as the 
leading bioindicator genus, reflecting a moderate level 
of diversity. These results align with the overall 
ecological condition of the paddy field waters, which 
remain in good status and meet established water 
quality standards for agricultural and aquaculture 
practices. Practically, these findings imply that routine 
monitoring of dominant plankton taxa can serve as an 
effective early-warning tool for detecting shifts in water 
quality, supporting better management of irrigation 
systems, optimizing fertilizer use, and maintaining the 
sustainability of coastal rice cultivation and integrated 
aquaculture activities. 
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