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Coastal development projects can influence marine ecosystems by modifying sediment 
dynamics, water quality, and habitat characteristics. This study evaluated the ecological 
condition of coastal waters in Nusa Dua and Tanjung Benoa during the Bali Beach 
Conservation Project by assessing plankton and benthic communities as biological 
indicators. Community composition, abundance, and ecological indices were analyzed to 
characterize spatial variations in ecosystem conditions. Phytoplankton analysis identified 
11 taxa, dominated by Bacillariophyceae, with higher abundance recorded in Nusa Dua 
(694.65 cells L⁻¹) compared with Tanjung Benoa (14.85 cells L⁻¹). Benthic assessment 
identified 22 taxa belonging to Gastropoda, Bivalvia, and Polychaeta. Ecological analysis 
showed that Tanjung Benoa exhibited a higher Shannon–Wiener diversity index (H′ = 
2.30) and evenness (E = 0.95) than Nusa Dua (H′ = 1.95; E = 0.68), indicating a more 
balanced distribution of benthic individuals despite lower species richness. These 
variations suggest that plankton and benthic assemblages reflect spatial changes in 
environmental conditions associated with coastal activities. This study highlights the 
value of biological monitoring as a complementary approach to conventional water 
quality assessments and provides scientific support for sustainable coastal management 
and infrastructure development. 

Contribution to Sustainable Development Goals (SDGs): 

SDG 9: Industry, Innovation, and Infrastructure 
SDG 13: Climate Action 
SDG 14: Life Below Water 
SDG 17: Partnerships for the Goals 

KEYWORDS 

Bio-monitoring, coastal engineering, phytoplankton–
benthos coupling, environmental impact assessment 
(EIA), tropical coastal ecosystem 
 

CORRESPONDING AUTHOR 

*E-mail:  aririska@undiknas.ac.id  

  

 

1. INTRODUCTION 

1.1. Research Background  

The rapid development of coastal infrastructure in tropical 
regions has become one of the major challenges in marine 
environmental management [1]. Coastal areas around Nusa Dua 
and Tanjung Benoa, Bali, have experienced increasing 
anthropogenic pressure due to the implementation of the Bali 

Beach Conservation Project (BBCP). While the project supports 
tourism and regional economic development, it also involves 
extensive coastal modifications, including sand filling, beach 
nourishment, and revetment construction. These coastal 
modifications can influence local hydrodynamic processes and 
sediment dynamics, which may subsequently affect the 
ecological conditions of the surrounding coastal waters. 
Achieving a balance between coastal infrastructure development 
and marine ecosystem conservation remains a key challenge in 
sustainable coastal management [2].  
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Globally, coastal ecosystems are increasingly affected by 
marine urbanization, tourism expansion, and cumulative 
anthropogenic pressures [3]. Unlike isolated disturbances, 
cumulative impacts from multiple coastal activities may generate 
complex ecological responses through changes in 
hydrodynamics, sediment dynamics, habitat availability, and 
biological interactions. Tropical tourism regions are particularly 
vulnerable because intensive coastal development often occurs in 
environmentally sensitive areas with high ecological and 
economic value [4]. Therefore, integrated monitoring approaches 
that combine physical, chemical, and biological indicators are 
increasingly required to evaluate ecosystem responses and 
support adaptive coastal management. 

In Indonesia, environmental impacts associated with 
development projects are monitored through the Environmental 
Management and Monitoring Plan (RKL-RPL), which are 
mandatory components of environmental approval mechanisms. 
Government Regulation No. 22 of 2021 concerning 
Environmental Protection and Management establishes the 
framework for environmental assessment, monitoring 
obligations, and environmental quality standards, including 
coastal and marine environments. However, the practical 
implementation of RKL-RPL monitoring in large-scale coastal 
infrastructure projects has traditionally emphasized 
physicochemical parameters, such as water quality, sediment 
characteristics, and pollution indicators [5]. Although biological 
monitoring is recognized within environmental assessment 
frameworks, its application is often limited to regulatory 
compliance rather than being fully utilized as an ecological 
assessment tool capable of detecting ecosystem level responses. 

Among biological indicators, plankton and benthic organisms 
are widely recognized as reliable bioindicators because of their 
sensitivity and rapid responses to environmental disturbances [6]. 
Plankton represents the primary producers that sustain the marine 
food web, whereas benthic organisms reflect sediment quality and 
benthic ecosystem conditions [7]. The combined assessment of 
plankton and benthic communities provides complementary 
information regarding short-term water column responses and 
long-term habitat disturbances associated with coastal 
interventions.  

Although biological monitoring data are routinely collected 
under environmental monitoring programs, these datasets remain 
underutilized for evaluating cumulative ecological impacts and 
supporting adaptive management decisions [8]. This gap is 
particularly significant given the growing pressure from coastal 
development and increasing climate variability, which call for 
biodiversity based indicators to be integrated into infrastructure 
impact assessments [9]. Ecosystem-based monitoring 
frameworks that incorporate biological responses alongside 
conventional environmental data offer a promising approach to 
strengthen these assessments and improve understanding of 
coastal ecosystem resilience. 

Based on this background, the present study evaluates the 
ecological condition of the coastal waters of Nusa Dua and 
Tanjung Benoa through a comparative biomonitoring approach. 
Plankton and benthic community data collected using 
standardized plankton net and sediment corer sampling methods 
were analyzed to assess the environmental condition of the Bali 
Beach Conservation Project area. The findings are expected to 
provide scientific evidence for supporting coastal environmental 
monitoring and management, while promoting the sustainable 

implementation of coastal infrastructure development. In 
addition, this study highlights the importance of collaboration 
among project developers, environmental practitioners, and 
academic institutions in maintaining the long-term resilience of 
coastal ecosystems.  

1.2. Literature Review 

Coastal ecosystems offer significant value across ecological, 
economic, and social dimensions; however, they are increasingly 
threatened by rapid urbanization and industrial development [10]. 
These pressures can alter water quality, sediment characteristics, 
and habitat conditions, affecting marine ecosystem structure and 
functioning. Understanding these interactions requires an 
integrated approach combining biological assessments with 
effective environmental management to support sustainable 
coastal development.   

1.2.1. Plankton and Benthos as Bioindicators of Marine 
Ecosystem Health 

Biomonitoring is widely applied to evaluate the ecological 
condition and resilience of marine ecosystems affected by 
anthropogenic disturbances. Plankton particularly phytoplankton 
form the foundation of the pelagic food web and respond rapidly 
to changes in environmental conditions, including nutrient 
availability, turbidity, and water quality [7]. These organisms act 
as sensitive indicators of short-term ecological shifts, enabled by 
their short lifespans and high responsiveness to environmental 
variability. In contrast, benthic organisms provide valuable 
information on long-term environmental conditions because they 
are closely associated with seabed sediments and generally have 
limited mobility. Consequently, variations in benthic community 
composition reflect the cumulative effects of sedimentation, 
habitat modification, and other disturbances affecting the seabed 
[11]. Therefore, monitoring benthic communities provides 
important insights into sediment quality and the overall 
ecological condition of benthic habitats.  

1.2.2. Coastal Infrastructure and Anthropogenic Stress 

The Bali Beach Conservation Project involves large-scale coastal 
engineering activities, including sand filling, beach nourishment, 
and revetment construction, which modify the physical 
characteristics of the coastal environment. These interventions 
may increase water turbidity, alter local hydrodynamics 
conditions, and disturb sediment transport processes, potentially 
affecting both pelagic and benthic habitats. Previous studies have 
demonstrated that coastal infrastructure development can 
influence sediment dynamics, modify habitat characteristic, and 
contribute to ecological change in coastal ecosystems [12]. By 
examining the responses of plankton and benthic communities in 
Nusa Dua and Tanjung Benoa, this study evaluates the ecological 
implications of coastal infrastructure development while 
considering the need to maintain ecosystem functions in coastal 
areas that support tourism activities.  

1.2.3. Integrating Monitoring for Sustainable 
Management 

In Indonesia, Government Regulation No. 22 of 2021 
(Implementation of Environmental Protection and Management) 
regulates marine environmental monitoring and establishes 
environmental quality standards, including those for coastal 
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waters [13]. However, assessments based solely on physical and 
chemical parameters may not fully capture the cumulative 
biological indicators; incorporating plankton and benthic 
communities into routine monitoring programs provides a more 
comprehensive evaluation of ecosystem conditions and supports 
evidence-based coastal management [14], [15]. Such as 
integrated approach also aids in the fulfillment of the Sustainable 
Development Goals (SDGs) by strengthening marine ecosystem 
conservation (SDG 14), supporting the development of resilient 
and sustainable coastal infrastructure (SDG 9), improving the 
early detection of climate related ecological changes (SDG 13) 
and promoting collaboration among government agencies, 
industry, and research institutions to enhance long-term coastal 
resilience (SDG 17).  

1.3. Research Objective 

This study aims to evaluate the ecological impacts of the Bali 
Beach Conservation Project by assessing how coastal engineering 
activities, particularly sand filling and beach nourishment, 
influence the community structure of plankton and benthic 
organisms in Nusa Dua and Tanjung Benoa. We hypothesize that 
these activities modify local environmental conditions, 
particularly sediment dynamics and turbidity, resulting in 
measurable differences in plankton abundance, benthic diversity, 
and community composition between the monitoring sites. 

2. MATERIALS AND METHODS 

The study area encompasses the coastal waters of Nusa Dua and 
Tanjung Benoa, Bali, areas characterized by intensive coastal 
engineering activities under the Bali Beach Conservation Project. 
To evaluate the impacts of these activities, a spatial sampling 
approach was employed, involving two observations stations as 
illustrated in Fig 1. To represent a gradient of human-induced 
stress, these sampling locations ranged from areas experiencing 
direct coastal impact to relatively untouched, undisturbed 
environments. The sampling was carried out in April 2025 to 
capture the current ecological status of the study area. Plankton 
and benthic samples were collected at Nusa Dua (306326.00 E, 
9026909.00 S) and Tanjung Benoa (304838.00 E, 9030839.00 S) 
using Universal Transverse Mercator (UTM) coordinates. 

 
Fig 1. Geographic overview of the study region, including the 

location of all sampling stations 

The present study adopted a comparative design between two 
monitoring stations representing different coastal conditions 
within the Bali Beach Conservation Project. While this design 
provides an initial assessment of ecological responses to coastal 
engineering activities, the limited number of monitoring stations 
may reduce spatial representativeness and statistical 

generalizability. Future monitoring should therefore incorporate 
additional sampling transects, greater spatial replication, and 
repeated seasonal observations to strengthen ecological 
inference. 

2.1. Data Collection 

Plankton samples were collected by filtering seawater through a 
plankton net, repeating the filtration process 20 times at each 
location to ensure representative sampling; the concentrated 
samples were then transferred into sample bottles for laboratory 
analysis. Concurrently, benthic samples were obtained from the 
bottom substrate (sand and mud) using a pipe corer with a 
maximum capacity of two litres, reaching a depth approximately 
30 centimeters, these sediment samples were then sieved through 
a 0.5 millimeters mesh to isolate benthic organisms, which were 
subsequently stored in plastic sample bags for further processing.  
Fig 2. Field sampling activities: (A) plankton sample collection 
using a plankton net, and (B) benthos sample collection using 

pipe corer 

2.2. Laboratory Analysis  

All collected samples were transported to the Laboratory of the 
Faculty of Marine and Fisheries Sciences, Udayana University, 
Bali. Phytoplankton identification was performed using an 
Olympus CX21 microscope to determine species composition 
and abundance (cells L⁻¹), while benthic organisms were 
identified based on morphological characteristics by trained 
laboratory personnel using standard taxonomic procedures to 
ensure reliable identification of community composition. 

3. RESULT AND DISCUSSION 

3.1. Plankton Community Structure and Ecological 
Response 

The phytoplankton community identified in the study area is 
summarized in Table 1.  A Total of 11 phytoplankton taxa were 
recorded across the two sampling locations. Bacillariophyceae 
(diatoms) dominated the community, including Amphipleura sp., 
Nitzschia sp., Cyclotella sp., Skeletonema sp., Amphora sp., and 
Tabellaria sp. Other groups, specifically Cyanophyceae and 
Zygnematophyceae were also present. The dominance of diatoms 
is typical in tropical coastal waters, likely driven by their high 
adaptability, rapid growth rates, and ability to efficiently utilize 
fluctuating nutrient levels, which allows them to persist across 
varying environmental conditions [16].   

Phytoplankton abundance showed a marked spatial variation 
between the two sampling sites. Nusa Dua recorded a total 
abundance of 694.65 cells L⁻¹, whereas Tanjung Benoa recorded 
only 14.85 cells L⁻¹ an approximately 47-fold difference. At Nusa 
Dua, the community was dominated by Amphipleura sp. (226.05 
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cells L⁻¹), followed by Nitzschia sp. (174.90 cells L⁻¹), Synedra 
sp. (80.85 cells L⁻¹), and Skeletonema sp. (51.15 cells L⁻¹). These 
high counts suggest that environmental conditions at Nusa Dua, 
likely characterized by favorable light penetration and nutrient 
availability, supported robust phytoplankton growth. In contrast, 
Tanjung Benoa exhibited consistently low abundance across all 
taxa, with Amphipleura sp. and Synedra sp. reaching only 3.30 
cells L⁻¹ each. The absence of several species, such as 
Skeletonema sp., Staurastrum sp., Tabellaria sp., and 
Cylindrospermopsis sp., indicates differences in environmental 
suitability and community development between the two 
locations. 
Table 1. Abundance of identified phytoplankton species at the 

two sampling stations 

No. Phytoplankton Species 

Abundance (cells L⁻¹) 

Station 1 
(Nusa Dua)  

Station 2 
(Tanjung 
Benoa)  

1 Nitzschia sp. 174.9 1.65 
2 Synedra sp. 80.85 3.3 
3 Amphipleura sp. 226.05 3.3 
4 Navicula sp. 42.9 1.65 
5 Cyclotella sp. 29.7 1.65 
6 Staurastrum sp. 33 – 
7 Skeletonema sp. 51.15 – 
8 Oscillatoria sp. 16.5 1.65 
9 Amphora sp. 13.2 1.65 
10 Tabellaria sp. 4.95 – 
11 Cylindrospermopsis sp. 21.45 – 

 
These spatial discrepancies indicate that the two sites offer 

vastly different conditions for primary productivity. The higher 
abundance at Nusa Dua suggests more favorable environmental 
conditions for phytoplankton growth, whereas the lower 
abundance at Tanjung Benoa may reflect environmental 
constraints affecting phytoplankton development. These 
differences are likely tied to the coastal engineering activities 
associated with the Bali Beach Conservation Project. Operations 
such as dredging, sediment excavation, and the installation of 
anthropogenic modifications often increase suspended sediment 
concentrations in the water column [17]. Elevated Total 
Suspended Solids (TSS) reduce water transparency and limit light 
penetration, thereby reducing photosynthetic activity and 
phytoplankton primary productivity. This relationship is 
supported by previous assessments of water quality in Nusa Dua 
and Tanjung Benoa, where suspended solids and turbidity were 
identified as important physical parameters affecting coastal 
water conditions [18]. Therefore, changes in sediment dynamics 
caused by coastal activities may influence phytoplankton 
productivity and community structure. Consequently, the 
simplified community observed at Tanjung Benoa serves as a 
clear ecological signature of anthropogenic disturbance.  

However, differences in phytoplankton abundance may also 
be influenced by other interacting environmental factors, 
including hydrodynamic circulation, flushing rates, water 
residence time, and localized nutrient availability. Variations in 
these processes can affect nutrient retention, phytoplankton 
accumulation, and community development at each site. 
Therefore, the contrasting phytoplankton patterns observed 
between Nusa Dua and Tanjung Benoa likely represent the 
combined influence of sediment dynamics, hydrodynamic 
conditions, and local environmental characteristics. The 

simplified community structure observed at Tanjung Benoa may 
indicate greater environmental constraints associated with coastal 
disturbance, although further monitoring with concurrent 
physicochemical measurements is required to confirm these 
ecological mechanisms. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Representative phytoplankton species identified in the 
study: (A) Chaetoceros sp., (B) Nitzschia sp., (C) Skeletonema 

sp., and (D) Rhizosolenia sp. 

3.2. Benthic Community Structure and Habitat 
Response 

Benthic sampling identified a total of 34 individuals across the 
two study locations, consisting of 16 individuals in Nusa Dua and 
18 individuals in Tanjung Benoa, representing 22 taxa distributed 
among Gastropoda, Bivalvia, and Polychaeta classes (Table 2). 
Gastropoda were the most common group at both sites, which is 
likely due to their high tolerance for the fluctuating conditions 
typical of coastal habitats. Different gastropoda taxa may occupy 
distinct ecological roles, including grazing, carnivory, and 
scavenging, allowing them to persist under varying sediment 
characteristics and food availability. Nusa Dua showed slightly 
higher species richness, with 14 recorded taxa, whereas Tanjung 
Benoa had 11 taxa and a higher total number of individuals (18 
individuals). The frequent occurrence of taxa such as Trivia 
arctica and Pyramidella sp. in Tanjung Benoa indicates 
differences in habitat suitability and resource availability between 
the two locations.  

Comparative analysis of benthic community structure 
revealed significant spatial variation. Tanjung Benoa displayed a 
higher Diversity Index (H’=2.30) and Evenness Index (E= 0.95) 
compared to Nusa Dua (H’=1.95 and E = 0.68). Although 
Tanjung Benoa had lower species richness than Nusa Dua, the 
higher diversity value indicates that individuals were distributed 
more evenly among taxa. In contrast, Nusa Dua exhibited greater 
species richness but lower evenness, suggesting that several taxa 
contributed disproportionately to community structure. These 
results show that biodiversity patterns depend not only on the 
number of taxa present but also on how individuals are distributed 
and how abundant they are within the community. 

The observed diversity richness pattern highlights the 
complexity of ecological responses in disturbed coastal 
environments. A community with fewer taxa may exhibit higher 
diversity when individuals are distributed more equally, whereas 
a species rich community may show lower diversity when certain 
taxa become dominant. The relatively high evenness observed in 
Tanjung Benoa may reflect a community structure with reduced 
dominance and greater coexistence among taxa under the 
prevailing environmental conditions. This pattern may be 
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associated with ecological mechanisms such as intermediate 
disturbance, where moderate levels of environmental stress 
prevent competitive exclusion and allow multiple taxa to coexist. 
These ecological mechanisms offer plausible explanations for the 
observed pattern, although further confirmation across a broader 
range of monitoring sites would help clarify their generality.  

The differences in benthic community composition are likely 
associated with site specific habitat conditions influenced by 
coastal engineering activities. Since benthic organisms are 
closely linked to bottom sediments, they are particularly sensitive 
to substrate modification, sediment deposition, and physical 
disturbance. Activities related to the Bali Beach Conservation 
Project, including sediment dredging, beach nourishment, and 
coastal structural modifications, may alter sediment 
characteristics and subsequently affect habitat suitability for 
benthic organisms [19]. The occurrence of taxa restricted to 
specific locations further reflects differences in environmental 
conditions and habitat preferences between Nusa Dua and 
Tanjung Benoa. In addition, the presence of different functional 
groups provides further ecological insight into community 
responses. Carnivorous gastropods such as Trivia arctica and 
Conus sp. suggest suitable feeding conditions and available 
ecological resources within the habitat, while deposit-associated 
organisms such as Platynereis sp. may reflect differences in 
sediment characteristics and benthic habitat conditions. 
Platynereis sp. is commonly associated with deposit-feeding 
behavior, utilizing organic particles within sediments, and its 
occurrence may therefore provide additional information 
regarding variations in benthic habitat quality. 

Table 2. Distribution of Benthic Macrofauna Species at the 
Study Sites 

Genus Species 
Nusa 
Dua 

Tanjung 
Benoa 

Latirus Latirus sp.  1 
Pyramidiella Pyramidiella sp.  2 
Trivia Trivia arctica  4 

Smaragdia 
Smaragdia 
souverbiana 

1 2 

Smaragdia Smaragdia viridis  1 
Persicula Persicula sp.  2 
Colombella Colombella sp.  1 
Cerithium Cerithium balteatum 1 2 

Epitonium 
Epitonium 
acapulcanum 

 1 

Epitonium Epitonium sp. 1 2 
Mitrella Mitrella intexta    

Hemitoma 
Hemitoma 
tricarinata 

1   

Granata Granata imbricata 1   
Subulina Subulina octona 2   
Conus Conus sp. 2   
Littorina Littorina sp. 1   
Euplica Euplica festiva 1   
Tectura Tectura antillarum 1   
Ctenoides Ctenoides dunkeri 1   
Sasakina Sasakina sp. 1   
Donax Donax sp. 1   
Platynereis Platynereis sp. 1   
Number of Species/Taxa 14 11 
Total Number of Individuals 16 18 
Shannon–Wiener Diversity Index (H′) 1.946 2.303 
Pielou's Evenness Index (E) 0.678 0.954 
Simpson's Dominance Index (D) 0.082 0.123 

Although the Dominance Index (D) remained relatively low 
at both sites (D = 0.08 in Nusa Dua and D =  0.12 in Tanjung 

Benoa), the disparity in evenness serves as a primary ecological 
indicator of disturbance. The higher diversity and evenness in 
Tanjung Benoa suggest a more balanced community structure, 
whereas the uneven distribution in Nusa Dua is likely indicative 
of anthropogenic stress. Overall, these findings demonstrate that 
benthic assemblages are highly responsive to local environmental 
perturbations, providing critical insights into the cumulative 
influence of coastal infrastructure development on seabed 
ecosystems. 

 
Fig 4. Representative benthic species identified in the study 

area: (A) Trivia arctica, (B) Smaragdia souverbiana, (C) 
Persicula sp, and (D) Granata imbricata 

3.3. Ecological Condition Assessment and Ecosystem 
Resilience  

Evaluating ecological indices provides an integrated perspective 
on the condition and stability of coastal ecosystems. Differences 
in plankton and benthic community characteristics between Nusa 
Dua and Tanjung Benoa indicate that ecosystem health depends 
not only on species richness but also on community composition, 
abundance distribution, and ecological balance. In the benthic 
community, Tanjung Benoa exhibited higher diversity and 
evenness values, indicating a more equitable distribution of 
individuals among taxa. In contrast, the lower evenness observed 
at Nusa Dua suggests that specific taxa contributed 
disproportionately to the community structure. These variations 
demonstrate that changes in community stability serve as critical 
ecological signals of environmental stress, even in areas where 
species richness remains relatively high. Consequently, 
biological indices provide essential data for assessing ecosystem 
responses to anthropogenic pressures in coastal environments. 

3.4. Synthesis of Infrastructure Impacts on Ecological 
Response 

The observed differences in plankton and benthic communities 
between Nusa Dua and Tanjung Benoa suggest that coastal 
engineering activities associated with the Bali Beach 
Conservation Project significantly influence local ecological 
conditions. Coastal infrastructure development generates 
multiple environmental pressures, including sediment 
disturbance, modifications to seabed characteristics, and 
alterations to water column conditions. Activities such as 
dredging, sediment excavation, and installing coastal structures 
increase sediment resuspension, directly affecting habitat 
suitability for various aquatic organisms. Higher suspended 
sediment concentrations reduce light availability in the water 
column, potentially limiting phytoplankton photosynthesis and 
primary productivity. At the same time, changes to bottom 
substrates disrupt the habitat of benthic organisms that rely on 
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specific sediment characteristics to survive. The contrasting 
responses observed between the study locations that manifested 
in differences in phytoplankton abundance and benthic 
community balance, indicate that local hydrodynamic conditions 
and habitat characteristics are primary determinants of ecosystem 
response. These findings highlight that coastal development 
initiatives must be accompanied by continuous ecological 
monitoring to mitigate potential impacts on marine biological 
communities. 

3.5. Strategic Implications for Sustainable Coastal 
Governance 

The findings of this study emphasize the importance of 
integrating biological indicators into sustainable coastal 
management strategies. Monitoring plankton and benthic 
communities provides complementary ecological information to 
conventional physicochemical water quality assessments by 
revealing biological responses and cumulative environmental 
changes associated with coastal infrastructure activities. Within 
the Indonesian environmental management framework, 
integrating biological monitoring into the RKL-RPL system can 
strengthen adaptive management by supporting early detection of 
ecological changes, evaluating mitigation effectiveness, and 
providing scientific evidence for decision-making throughout the 
implementation and post-construction phases of coastal projects. 

This approach contributes to SDG 14 (Life Below 
Water) by strengthening marine ecosystem monitoring and 
conservation efforts, while also supporting SDG 11 (Sustainable 
Cities and Communities) by developing environmentally 
responsible coastal infrastructure. Furthermore, applying 
ecological assessments strengthens climate-resilient coastal 
management in line with SDG 13 (Climate Action) and promotes 
collaboration among government institutions, project developers, 
researchers, and environmental practitioners, as encouraged by 
SDG 17 (Partnerships for the Goals). Future coastal engineering 
projects should incorporate environmentally responsive 
strategies, including improved sediment management, 
consideration of local hydrodynamic processes, and continuous 
biological monitoring to minimize ecological disturbances. 
Integrating comprehensive ecological assessments into planning, 
implementation, and monitoring frameworks ensures that coastal 
protection objectives can be achieved while maintaining the long-
term resilience and integrity of marine ecosystems. 

4. CONCLUSION 

This study assessed the ecological condition of coastal waters in 
Nusa Dua and Tanjung Benoa by evaluating plankton and benthic 
communities as biological indicators of environmental responses 
associated with the Bali Beach Conservation Project. The 
findings revealed distinct spatial differences in community 
structure between the two locations. The phytoplankton 
community consisted of 11 taxa and was dominated by 
Bacillariophyceae, with Nusa Dua recording a considerably 
higher abundance (694.65 cells L⁻¹), compared with Tanjung 
Benoa (14.85 cells L⁻¹). In contrast, the benthic community 
comprised 22 taxa belonging to Gastropoda, Bivalvia, and 
Polychaeta. Although Nusa Dua supported higher species 
richness, Tanjung Benoa exhibited a more balanced benthic 
community, reflected by higher diversity (H’=2.30) and Evenness 

(E= 0.95) values. These findings indicate that plankton and 
benthic assemblages respond differently to variations in local 
environmental conditions and habitat characteristics influenced 
by coastal activities. Integrating biological indicators provides 
valuable ecological insights for assessing the impacts of coastal 
development and supporting sustainable coastal management. 
Long-term ecological monitoring is recommended to ensure 
future coastal infrastructure projects balance coastal protection 
needs with the preservation of marine ecosystem integrity. 
 
REFERENCE 

 
[1] K. A. Dafforn, T. M. Glasby, L. Airoldi, N. K. Rivero, M. 

Mayer-Pinto, and E. L. Johnston, “Marine Urbanization: An 
Ecological Framework for Designing Multifunctional 
Artificial Structures,” Frontiers in Ecol & Environ, vol. 13, 
no. 2, pp. 82–90, Mar. 2015, doi: 10.1890/140050. 

[2] P. Jordan and P. Fröhle, “Bridging the Gap Between Coastal 
Engineering and Nature Conservation?: A Review of 
Coastal Ecosystems as Nature-Based Solutions for Coastal 
Protection,” J Coast Conserv, vol. 26, no. 2, p. 4, Apr. 2022, 
doi: 10.1007/s11852-021-00848-x. 

[3] R. S. Jawale, “Impact of Coastal Urbanization on Marine 
Diversity,” UPJOZ, vol. 45, no. 21, pp. 340–346, Nov. 
2024, doi: 10.56557/upjoz/2024/v45i214644. 

[4] T. F. Smith, C. E. Elrick-Barr, D. C. Thomsen, L. Celliers, 
and M. Le Tissier, “Impacts of Tourism on Coastal Areas,” 
Camb. prisms Coast. futures, vol. 1, p. e5, 2023, doi: 
10.1017/cft.2022.5. 

[5] B. Czúcz et al., “Selection Criteria for Ecosystem Condition 
Indicators,” Ecological Indicators, vol. 133, p. 108376, 
Dec. 2021, doi: 10.1016/j.ecolind.2021.108376. 

[6] Coastal Environmental Studies Research Centre, Egra 
S.S.B. College, Purba Medinipur, Affiliated under 
Vidyasagar University, West Bengal, India et al., “Plankton 
Act as a Key Indicator of the Health and Stability of Aquatic 
Ecosystems: A Review,” in A Basic Overview of 
Environment and Sustainable Development [Volume: 3], 
3rd ed., International Academic Publishing House (IAPH), 
2024, pp. 257–272. doi: 10.52756/boesd.2024.e03.018. 

[7] P. Chowdhury, S. J. Khan, M. A. A. Sumon, M. A. A. El-
Regal, K. Tayyamath, and H. Van Doan, “The Role of 
Planktons in Sustaining the Function and Diversity of 
Marine Ecosystems: A Systematic Review,” Discov Anim, 
vol. 3, no. 1, p. 9, Jan. 2026, doi: 10.1007/s44338-025-
00113-7. 

[8] S. Suprapto, “Environmental Impact Assessment (EIA) in 
Indonesian Law: Implementation and Effectiveness,” J. adv. 
res. s. sci. hum., vol. 8, no. 2, 2023, doi: 10.26500/JARSSH-
08-2023-0201. 

[9] B. D. Sparrow et al., “Effective Ecosystem Monitoring 
Requires a Multi‐Scaled Approach,” Biological Reviews, 
vol. 95, no. 6, pp. 1706–1719, Dec. 2020, doi: 
10.1111/brv.12636. 

[10] W. Xu and Z. Zhang, “Impact of Coastal Urbanization on 
Marine Pollution: Evidence from China,” IJERPH, vol. 19, 
no. 17, p. 10718, Aug. 2022, doi: 10.3390/ijerph191710718. 

[11] X. Li, X. Hu, Q. Miao, Y. Ai, L. Yang, and W. Lu, 
“Cumulative Impact Assessment of Human and 
Environmental Stressors on Subtidal Benthic Habitats in 
Bohai Bay Using a Spatially Explicit Framework,” Front. 
Mar. Sci., vol. 13, p. 1777787, Mar. 2026, doi: 
10.3389/fmars.2026.1777787. 

[12] S. Sanitwong-Na-Ayutthaya, C. Saengsupavanich, E. H. 
Ariffin, A. S. Ratnayake, and L. S. Yun, “Environmental 
Impacts of Shore Revetment,” Heliyon, vol. 9, no. 9, p. 
e19646, Sep. 2023, doi: 10.1016/j.heliyon.2023.e19646. 

 



DAYANTI/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 9 (2025), NO.1 
  

Dayanti et al..                                                                                                                                                 https://doi.org/10.29165/ajarcde.v10i3.1216. 810

[13] Government of the Republic of Indonesia, Government 
Regulation No. 22 of 2021 Concerning the Implementation 
of Environmental Protection and Management. 2021. 
[Online]. Available: https://www.peraturan.go.id/id/pp-no-
22-tahun-2021 

[14] L. A. Tremblay, A. A. Chariton, M.-S. Li, Y. Zhang, T. 
Horiguchi, and J. I. Ellis, “Monitoring the Health of Coastal 
Environments in the Pacific Region—A Review,” Toxics, 
vol. 11, no. 3, p. 277, Mar. 2023, doi: 
10.3390/toxics11030277. 

[15] X. Gao, W. Li, Y. Zhang, H. Song, Y. Li, and H. Li, 
“Integrated Assessment of Ecological Quality Combining 
Biological and Environmental Data in the Yellow River 
Estuary,” Water, vol. 16, no. 11, p. 1615, Jun. 2024, doi: 
10.3390/w16111615. 

[16] W. Widianingsih, A. K. Khotimah, and R. A. T. Nuraini, 
“Indek Ekologi Diatom (Bacillariophyceae) Di Perairan 
Delta Wulan Demak Jawa Tengah,” J. Mar. Res., vol. 13, 
no. 4, pp. 643–652, Nov. 2024, doi: 
10.14710/jmr.v13i4.44049. 

[17] L. D. A. Fernandes et al., “Effects of Dredging Activities 
and Seasonal Variation on Coastal Plankton Assemblages: 
Results from 10 Years of Environmental Monitoring,” 
Environ Monit Assess, vol. 195, no. 2, p. 261, Feb. 2023, 
doi: 10.1007/s10661-022-10867-2. 

[18] R. Dayanti, I. M. P. T. Prakarsa, and N. L. P. I. 
Candrawengi, “Evaluasi Dampak Pengambilan dan 
Pengisian Material Pasir Terhadap Kualitas Air Laut di 
Konservasi Pantai Nusa Dua Tanjung Benoa,” Indonesian 
J.Maritime, vol. 2, no. 1, pp. 34–44, Jun. 2021, doi: 
10.17509/ijom.v2i1.34218. 

[19] M. W. Fraser et al., “Effects of dredging on critical 
ecological processes for marine invertebrates, seagrasses 
and macroalgae, and the potential for management with 
environmental windows using Western Australia as a case 
study,” Ecological Indicators, vol. 78, pp. 229–242, Jul. 
2017, doi: 10.1016/j.ecolind.2017.03.026. 

 
 
 
 

 


