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Abstract. Coastal ecosystems such as mangroves and coral reefs support marine 

biodiversity and stability, with microalgae as primary producers and 

environmental sentinels. We present the first comparative assessment of 

microalgal diversity and environmental drivers across adjacent mangrove and reef 

habitats in Sekotong coastal waters, Lombok Island, Indonesia. Monthly 

sampling over four campaigns used 20 µm plankton nets at fixed, georeferenced 

stations, while in situ measurements recorded water temperature, salinity, 

dissolved oxygen (DO), current velocity, light intensity, pH, nitrate, and 

phosphate. Species were identified via an integrative morphological and 

database-validated approach. A total of 50 species were recorded: 30 shared, 12 

mangrove-exclusive, and 8 reef-exclusive. Generalists (e.g., Amphipleura 

pellucida, Cerataulina smithii) showed broad tolerance, whereas specialists (e.g., 

Nitzschia sigma, Achnanthes brevipes) indicated habitat specificity. Mangroves 

exhibited greater salinity swings and lower DO/light, while reefs had stable, 

oxygen-rich, well-illuminated conditions (p < 0.05). Correlation analyses 

revealed significant inverse relationships between salinity and DO/light. 

Microalgal genera were classified into ten bioindicator categories, providing a 

novel framework for ecosystem monitoring. This work establishes baseline data 

and introduces a targeted bioindicator scheme for coastal management. 

Keywords: Bioindicators, Community composition, Environmental gradients, 

Microalgae, Lombok. 

1 Introduction 

Coastal ecosystems, particularly mangrove forests and coral reefs, are globally recog-
nized for their critical roles in marine biodiversity and ecosystem functioning. Among 
their foundational components are microalgae, which drive food webs and nutrient cy-
cling [1], [2]. Coral reefs’ structural complexity and richness arise from interactions 
among microalgae, bacteria, and corals [2], [3], while microalgae also serve as early 
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indicators of environmental stress [4], [5]. However, comparative assessments of mi-
croalgal responses across adjacent mangrove and reef habitats remain scarce.  

Environmental parameters such as salinity, dissolved oxygen (DO), light intensity, 
temperature, and hydrodynamic forces significantly influence microalgal growth, phys-
iology, and community structure in coastal systems [5], [6]. For example, light intensity 
controls photosynthetic capacity and vertical stratification of microalgae within coral 
reefs, while temperature anomalies can disrupt coral-microalgal symbioses [7], [8]. In 
mangrove systems, fluctuating salinity due to tidal mixing and freshwater input shapes 
microalgal adaptation strategies [9], [10]. 

Despite their ecological relevance, microalgal dynamics in tropical coastal sys-
tems—particularly in adjacent mangrove and coral reef habitats—remain poorly under-
stood. These ecosystems are characterized by complex interactions among abiotic fac-
tors, spatial proximity, and human-induced pressures such as eutrophication, pollution, 
and habitat degradation, all of which can lead to shifts in community structure and eco-
system function [11]. Disentangling the relative influence of these environmental driv-
ers on microalgal assemblages is essential for ecosystem assessment. Moreover, iden-
tifying bioindicator species or genera capable of signaling environmental degradation 
is critical for early warning systems and informed management. An integrative ecolog-
ical framework that connects microalgal diversity to environmental monitoring is nec-
essary to support adaptive responses to ecological disturbances [12], [13]. Building on 
this, we hypothesize that habitat-specific environmental gradients drive distinct micro-
algal assemblages, with mangrove taxa exhibiting greater tolerance to salinity fluctua-
tions and reef taxa showing enhanced resilience to thermal and light variability. 

Microalgae exhibit considerable morphological and physiological plasticity to cope 
with environmental variability. In mangrove systems, species adapt to low-light and 
fluctuating salinity conditions through osmotic regulation and specialized light-harvest-
ing mechanisms [14], [15]. In contrast, coral reef-associated microalgae, particularly 
symbiotic dinoflagellates, display photoprotective pigment modulation and thermal tol-
erance mechanisms, including metabolic adjustments and symbiont shuffling [16], 
[17]. 

Beyond their trophic roles, microalgae act as ecological sentinels. Blooms of oppor-
tunistic taxa can indicate nutrient loading or pollution, while declines in sensitive spe-
cies may reflect physical habitat degradation [18], [19]. Thus, multi-taxa bioindicator 
approaches are increasingly advocated for effective ecological monitoring [20]. 

However, comparative studies examining species-specific responses of microalgal 
communities in interconnected mangrove and coral reef systems remain limited. Ad-
dressing this gap is essential to advancing coastal ecological research. Therefore, this 
study aims to investigate the diversity, community composition, and environmental 
drivers of microalgae in Sekotong coastal waters, Lombok Island, Indonesia—an area 
encompassing both mangrove and coral reef habitats. 

The primary objective is to provide a comprehensive ecological assessment of mi-
croalgal assemblages in relation to key environmental parameters and to evaluate the 
potential of specific microalgal genera as bioindicators through literature-based classi-
fication. We clearly distinguish data-driven results from interpretative statements to aid 
readability. The findings are expected to contribute valuable baseline knowledge to 
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inform conservation, biomonitoring, and adaptive management strategies in tropical 
coastal ecosystems. 

2 Materials and Methods 

2.1 Field observation 

The research was conducted in the mangrove and coral reef ecosystems along the Sek-
otong coastline of Lombok Island, Indonesia (see Fig 1.). The mangrove sampling site 
was located at coordinates 8°44′22.7″S, 116°01′45.8″E (M1–M10), while the coral reef 
sampling site was situated at 8°44′20.0″S, 116°01′19.3″E (R1–R10). This coastal re-
gion is characterized by the presence of several small islands and its proximity to the 
Lombok Strait. Sekotong functions as both a conservation area and a community-man-
aged ecotourism zone, with active involvement from local communities in the steward-
ship of marine resources. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Map showing the study area in the Sekotong coastal region. M1–M10 for mangrove sites 
and R1–R10 for reef sites are labeled on the map. Coordinates are geographic latitude/longitude 
(WGS 84 / EPSG:4326) and displayed in DMS. Map projection for display: UTM Zone 50S 
(EPSG:32750). Full station coordinates are provided in Supplementary Table S1. 

Microalgae sampling was conducted over four periods (two in the dry season, two 
in the wet). In each ecosystem, samples were collected at 10 fixed, georeferenced sta-
tions (mangrove: M1–M10; reef: R1–R10; see Fig. 1 and Supplementary Table S1 for 
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coordinates of both ecosystems). At each station, 100 L of seawater were filtered 
through a 20 µm plankton net. At reefs stations, samples were taken at the surface and 
at 5 m depth to capture vertical distribution. Water temperature, salinity, DO, current, 
light, and pH sensors were calibrated before each session. 

Simultaneously, environmental parameters were measured in situ (three replicates 
per site) using: Water temperature and DO: YSI ProDSS sonde with optical DO sensor 
(range 0–20 mg L⁻¹, ±0.1 mg L⁻¹). Salinity: Hanna HI98194 refractometer (0–70 ppt, 
±0.1 ppt). Light intensity: Extech SDL400 lux meter (0–200 000 lux, ±3%). Current 
velocity: Flowatch Plus (0.3 – 4.5 ms⁻¹, ±5%). pH: Thermo Scientific Orion Star A211 
(±0.01 pH). Nitrate and phosphate: Hach DR3900 spectrophotometer following APHA 
methods. These measurements were then subjected to ANOVA and Pearson correlation 
analyses to assess spatial variation and inter-parameter relationships. 

Samples were preserved in 1% Lugol’s solution, stored at 4 °C, and analyzed within 
two weeks. Microalgae were identified and counted under a Nikon Eclipse E200 com-
pound microscope at 400× magnification (0.2 µm resolution) using Utermöhl cham-
bers. Species names were cross-checked against AlgaeBase [21], [22], [23], [24] [23] 
(accessed Jan 2025). 

2.2 Data Analysis 

Microalgal community composition was analyzed at the species level for both man-
grove and coral reef ecosystems. Genus-level analyses were also conducted to assess 
the ecological potential of microalgae as bioindicators. 

Species Co-Presence and Sørensen-Dice coefficient. Spatial variation in species com-
position was assessed using the Sørensen-Dice coefficient to quantify similarity be-
tween the two ecosystems. The Sørensen-Dice coefficient (SSD) was calculated using 
the formula:  

𝑆𝑆𝐷 
2𝐶

𝐴+𝐵
   

where C is the number of species shared between both habitats, A is the number of 
species in the mangrove, and B is the number of species in the coral reef. It is a simi-
larity measure in [0,1], 0 is no shared elements, 1 is identical composition. A pres-
ence/absence matrix was used to identify unique and shared species [25]. The microal-
gal species diversity and community composition were illustrated using Venn dia-
grams. 

Spatial Variation Analysis. Environmental parameters across sampling sites were an-
alyzed to evaluate spatial variation. Bar charts were used to visualize distributions of 
individual parameters, and heatmaps were generated to examine inter-parameter corre-
lations between the two ecosystems.  
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Bioindicator Potential Analysis. Taxa were classified into bioindicator categories 
based on a systematic literature review of 50 peer-reviewed studies (Scopus search 
terms: “microalgae bioindicator”, “nutrient indicator”, “pollution tolerance”). Each ge-
nus was scored on frequency of environmental response (eutrophication, pollutants, sa-
linity stress) with a ≥ 75% consensus threshold across studies. Sunburst diagrams were 
generated in R (package sunburstR) to visualize category proportions. 

3 Results 

3.1 Microalgal Diversity 

A total of 50 microalgal species were identified: 30 shared between habitats, 12 exclu-
sives to mangroves, and 8 exclusives to coral reefs (Fig. 2; species codes in Table 1). 

 
 
 
 
 

Fig. 2. Venn diagram showing the distribution of microalgal species codes across mangrove and 
coral reef ecosystems in Sekotong coastal waters. Thirty species were shared (yellow), twelve 
are exclusive to mangroves (blue), and eight are exclusive to coral reef (green). Code definitions 
are provided in Table 1. 

Table 1. Definitions of microalgal species codes used in Fig 2. 

Code Species Code Species 
M01 Amphipleura pellucida M38 Navicula salinarum 
M02 Asterionela kariana M39 Nitzichia longissima 
M03 Bacillaria paradoxa M40 Nitzschia pungens 
M05 Cerataulina smithii M43 Pleurosigma affine 
M06 Ceratocorys horrida M44 Pleurosigma pelagicum 
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M08 Chaeteceros lauderi M46 Protoperidinium oblongum 
M09 Chaetoceros compactum M47 Rhabdonella elegans 
M10 Chaetoceros didymum M48 Nitzschia seriata 
M11 Chaetoceros holsaticum M68 Cylindrotheca closterium 
M12 Chaetoceros pendulum M51 Torodinium sp 
M13 Chaetoceros subsecundus M54 Tetraselmis sp 
M16 Coscinodiscus jonesianus M57 Thalassiosira angstii 
M17 Coscinodiscus lacustris M58 Thalassiosira gravida 
M18 Coscinodiscus megalomma M49 Rhizosolenia delicatula 
M19 Coscinodiscus radiatus M64 Chaetoceros affine 
M20 Coscinodiscus subbulliens M70 Navicula membranacea 
M21 Coscinudiscus nitidus M78 Nitzschia sigma 
M24 Dunaliella salina M81 Pleurosigma normanni 
M28 Fragilaria striatula M82 Pleurosigma rectum 
M29 Grammatophora marina M83 Pleurosigma intermedium 
M30 Gyrosigma balticum M86 Achnanthes brevipes 
M32 Licmophora abbreviata M87 Striatella unipunctata 
M34 Melosira sulcata M88 Chlorococcum sp 
M36 Nannochloropsis sp M91 Prorocentrum triestinum 

Common species include Amphipleura pellucida and Cerataulina smithii (each de-
tected in both habitats across all four sampling periods). Mangrove-exclusive species 
comprised Nitzschia sigma and Prorocentrum triestinum, while coral reef-specific taxa 
included Achnanthes brevipes, Pleurosigma rectum, and Striatella unipunctata (Fig. 2; 
Table 1).  

3.2 Environmental Parameters 

Mean DO was significantly higher in coral reefs (6.2 ± 0.4 mg/L) than mangroves (4.0 
± 0.5 mg/L; p < 0.01) as shown in Fig. 3. Current velocity averaged 4.1 ± 0.7 cm/s 
(mangroves) vs. 3.8 ± 0.5 cm/s (reefs; p = 0.12). Light intensity in reefs (6200 ± 500 
lux) exceeded that in mangroves (5100 ± 2300 lux; p < 0.05) (Fig. 3). 
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Fig. 3. Comparison of dissolved oxygen (DO), current velocity, and light intensity between man-
grove and coral reef ecosystems in Sekotong coastal water. Error bars indicate standard deviation. 

Fig. 4. Comparison of water temperature and salinity between mangrove and coral reef ecosys-
tems in Sekotong coastal waters. Error bars indicate standard deviation. 

Water temperature averaged ~27 °C, with coral reefs showing slightly greater vari-
ability (SD = 0.7 °C) than mangroves (SD = 0.6 °C). Salinity averaged ~28 ‰ (SD = 
2.7) in mangroves and ~26 ‰ (SD = 0.5) in coral reefs (Fig. 4). The pH ranged from 
7.0 to 7.5 in mangroves and consistently ~7.0 in coral reefs. Nitrate and phosphate lev-
els were stable at 0.1 mg/L in both habitats throughout sampling. 
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3.3 Environmental Gradient Correlations 

In mangroves, salinity and dissolved oxygen (DO) showed r = -0.95 (p < 0.001) and 
salinity and light r = -0.92 (p < 0.001); DO and light correlated r = 0.88 (p < 0.001). 
Current vs. DO was r = 0.68 (p < 0.01) and vs. light r = 0.66 (p < 0.01). In reefs, 
temperature vs. current was r = -0.91 (p < 0.001), salinity vs. DO r = -0.93 (p < 0.001), 
and current vs. light r = 0.60 (p < 0.05). These relationships are visualized in Fig. 5, 
where strong negative correlations (salinity–DO) appear as darker tiles, highlighting 
salinity as a key stressor in mangroves and temperature–current coupling in reefs. 

 

 

 
 
 
 
 
 
 
 
Fig. 5. Heatmap of Pearson correlation coefficients among environmental parameters in man-
grove (A) and coral reefs (B). Color intensity denotes correlation strength (negative to positive), 
facilitating identification of dominant gradients (salinity–DO). 

3.4 Comparative Correlation Dynamics 

A consistent negative correlation between temperature and current velocity was ob-
served (r = -0.91, p < 0.001). Mangroves’ salinity-light correlation was r = -0.92 (p < 
0.001), while reefs showed r = 0.23 (p = 0.15). DO-current correlations were r = 0.68 
(p < 0.01) in mangroves and r = -0.45 (p < 0.05) in reefs. Mangrove DO-light remained 
r = 0.88 (p < 0.001). As summarized in Fig. 6, these contrasts indicate that mangrove 
dynamics are primarily structured by salinity–light–oxygen coupling, whereas reef dy-
namics are more influenced by temperature–current interactions. 
 
 
 
 
 
 
Fig.6. Comparative heatmap summarizing key inter-parameter correlations in mangroves versus 
coral reefs, emphasizing the shift from salinity-driven patterns (mangroves) to temperature–cur-
rent coupling (reefs). 
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3.5 Bioindicator Implications 

The diverse microalgal communities in Sekotong coastal ecosystems demonstrate sig-
nificant ecological roles and strong potential as bioindicators for monitoring a range of 
environmental stressors, including eutrophication, pollution, heavy metals, harmful al-
gal blooms (HABs), and ecosystem degradation. These roles are classified into ten bi-
oindicator categories (B1–B10), illustrating their diagnostic value in both local and 
global environmental contexts (Fig. 7; definitions provided in Table 2). 

 
 

Fig. 7. Multi-level sunburst chart showing the proportion of genera within each bioindicator 
category. (codes B1–B10; see Table 2 for definitions). 

Table 2. Definitions of bioindicator category codes used in Fig 7. 

Code  Category name  
B1 Eutrophication and nutrient load indicators  

B2  Sensitivity to organic pollutants and heavy metals  
B3 Rapid response to nutrient and contaminant shifts  
B4 Detection of harmful algal blooms (HABs)  
B5 Indicators of physicochemical parameters (pH, TDS, salinity)  
B6 Biofiltration and general water quality assessment  
B7 Climate change and global biogeochemical cycles (CO₂, N₂ fixation)  
B8 Monitoring pollution and habitat degradation through community shifts  
B9 Early warning for heavy metals, organic toxins, and salinity stress  
B10 Early ecosystem degradation alerts via nutrient, pollutant, and climate shifts  
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4 Discussion 

4.1 Habitat-Based Community Responses 
The composition of microalgal communities in Sekotong coastal waters reflects distinct 
habitat-based structuring shaped by environmental conditions. From a total of 50 
species identified, 30 were shared across mangrove and coral reef habitats, while 12 
species were exclusive to mangroves and 8 specific to coral reefs (see Fig. 2). This 
pattern illustrates both ecological connectivity and localized environmental filtering, 
indicating that different physicochemical parameters influence species assemblages 
uniquely within each habitat. 

Habitat-specific taxa revealed strong ecological adaptations. Mangrove-exclusive 
species such as Nitzschia sigma and Prorocentrum triestinum thrive under brackish, 
sediment-rich, and light-limited conditions typical of mangrove ecosystems [26], [28]. 
Conversely, coral reef-associated taxa like Achnanthes brevipes, Pleurosigma rectum, 
and Striatella unipunctata are better suited to clear, oxygenated, and light-intensive 
environments [26], [27]. These habitat preferences align with known ecological 
strategies, where mangrove microalgae exhibit tolerance to fluctuating salinity and 
reduced irradiance, while coral reef species capitalize on stable marine conditions and 
high light availability (see Figs. 3–4 for environmental contrasts) [9], [14], [26]. 

Environmental parameters measured in situ—such as salinity, dissolved oxygen 
(DO), light intensity, and current velocity—play a critical role in shaping these 
communities (see Figs. 3–5). In mangroves, higher salinity variability and lower DO 
levels are negatively correlated with species richness and light penetration, suggesting 
physiological filtering of sensitive taxa [28], [29]. In coral reefs, stable DO and light 
regimes promote symbiotic and productive microalgal populations [26], [30]. This 
habitat contrast underscores the role of site-specific environmental gradients in 
structuring community composition [27]. 

Importantly, several genera found in these ecosystems exhibit bioindicator potential 
(see Fig. 7; Table 2). Taxa like Pleurosigma and Nitzschia are sensitive to nutrient and 
salinity changes, providing early signals of environmental stress or eutrophication [31], 
[32]. Their restricted or dominant occurrence in certain habitats reflects their diagnostic 
utility for habitat-specific monitoring [20], [33]. 

Understanding these habitat-based responses is essential for ecosystem-based 
management and conservation planning. The divergent community structures between 
mangroves and coral reefs—despite geographic proximity—highlight the necessity of 
tailored monitoring strategies that consider microhabitat conditions and species-
specific tolerances (informed by Figs. 2–6) [34]. These findings contribute to the 
growing body of evidence that microalgae are valuable sentinels of ecological integrity 
in tropical coastal systems [19], [35]. 

4.2 Environmental Implications 

The contrasting environmental conditions observed between mangrove and coral reef 
habitats in Sekotong coastal waters have significant implications for understanding 
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ecosystem function, resilience, and vulnerability (Figs. 3–4). Dissolved oxygen (DO), 
current velocity, light intensity, and salinity emerged as the most influential 
environmental parameters shaping microalgal community dynamics, each exerting both 
direct and indirect effects on species composition and distribution. 

In coral reef ecosystems, high and stable DO (~6 mg/L) and light intensity (~6000 
lux) support the growth of photosynthetically active and symbiotic microalgae (Fig. 3), 
such as diatoms and dinoflagellates, which are essential for maintaining primary 
productivity and coral health [26], [36]. The consistent hydrodynamic regime in reefs 
facilitates oxygen exchange and nutrient distribution, reducing stratification and 
promoting optimal conditions for diverse microalgal assemblages. This finding aligns 
with previous work emphasizing the role of physical stability and water clarity in 
supporting coral reef resilience [29], [30]. 

Conversely, mangrove ecosystems exhibited more variable DO (~4 mg/L), lower 
light levels (~5000 lux), and higher salinity fluctuations (~28‰, SD = 2.7) (Figs. 3–4), 
conditions that may limit photosynthetic activity and select for tolerant or opportunistic 
taxa such as Nitzschia and Prorocentrum [37], [38]. These physicochemical 
characteristics are influenced by tidal mixing, freshwater runoff, and organic matter 
decomposition—factors known to affect oxygen solubility and light penetration [9], 
[28]. 

Salinity, in particular, demonstrated a dominant ecological influence, showing 
strong negative correlations with DO and light intensity in mangroves (r ≈ -1) (Figs. 5), 
reinforcing its role as a stressor that shapes microalgal adaptability and productivity 
[38]. In environments with fluctuating osmotic conditions, taxa capable of osmotic 
regulation and efficient light-harvesting mechanisms—such as Amphipleura and 
Pleurosigma—are more likely to dominate [15]. 

Additionally, the observed environmental gradients (Figs. 5–6) provide a spatial 
framework for predicting ecosystem responses to climatic variability and 
anthropogenic disturbances. For instance, increased sea surface temperatures and 
reduced freshwater inflows could exacerbate salinity and oxygen stress in mangroves, 
while sedimentation and coastal development may alter light availability and 
hydrodynamics in coral reefs [11]. 

These findings emphasize the need for integrated coastal zone management (ICZM) 
approaches that account for habitat-specific environmental sensitivities. Monitoring 
programs must prioritize parameters such as salinity, DO, and light—alongside 
biological indicators—to detect early ecological shifts and guide conservation priorities 
(guided by Figs. 3–7) [12], [20]. Understanding how these gradients influence 
microalgal communities also supports the development of predictive models for 
assessing ecosystem stability and adaptive capacity under future environmental 
scenarios. 

4.3 Interpretation of Gradient Interactions 

The correlation analysis of environmental parameters in mangrove and coral reef 
ecosystems of Sekotong provides key insights into how physicochemical gradients 
influence microalgal ecology. In the mangrove ecosystem, salinity exhibited a near-
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perfect negative correlation with both dissolved oxygen (DO) and light intensity (r ≈ -
1), indicating that higher salinity conditions, often driven by tidal inflows and reduced 
freshwater input, can suppress oxygen availability and limit light penetration due to 
increased turbidity [28]. These findings are consistent with the understanding that 
elevated salinity alters osmotic balance and reduces the efficiency of photosynthetic 
processes in many microalgal species [38]. 

Conversely, the perfect positive correlation between DO and light intensity (r = 1) 
in mangrove waters emphasizes the interdependence of these two parameters in 
supporting photosynthetic productivity (Fig. 5A). Adequate light availability promotes 
photosynthesis, which in turn releases oxygen, reinforcing a feedback loop vital for 
microalgal growth. Additionally, the moderate correlation between current velocity and 
both DO (r = 0.68) and light (r = 0.66) suggests that water movement mitigates 
stratification and enhances vertical mixing, thereby improving environmental quality 
[29]. 

In coral reefs, temperature exhibited a strong negative correlation with current 
velocity (r = -0.91), suggesting that warmer conditions are associated with stagnant 
water masses (Fig. 5B). Reduced water movement under elevated temperatures can 
hinder nutrient distribution and exacerbate thermal stress, which may affect both free-
living and symbiotic microalgae [7], [8]. This is particularly relevant under climate-
induced ocean warming scenarios, where stable thermal layers reduce the resilience of 
coral-associated microalgal communities [26]. 

Salinity in coral reefs also showed a strong negative correlation with DO (r = -0.93) 
(Fig. 5B), confirming the inverse solubility of oxygen with increasing salinity [38]. 
Meanwhile, a moderate positive correlation between current velocity and light intensity 
(r = 0.60) highlights the role of water movement in maintaining water clarity and 
optimizing light conditions for photosynthesis, particularly in reef environments [29]. 

These interaction patterns underscore salinity as a major limiting factor in mangrove 
ecosystems, while current–temperature dynamics are more critical in coral reefs (Figs. 
5-6). Such environmental interdependencies illustrate the complex control exerted by 
local hydrological and climatic variables on microalgal structure and productivity. 
Recognizing these site-specific mechanisms is crucial for anticipating ecological 
responses under shifting environmental baselines and for guiding habitat-appropriate 
conservation strategies [34], [39]. 

4.4 Management Implications of Correlations 

The environmental correlations observed in this study offer significant implications for 
the management and conservation of microalgal biodiversity in coastal ecosystems 
(Figs. 5-6). The strong inverse relationships between salinity and both dissolved oxygen 
(DO) and light intensity in mangrove habitats suggest that increased salinity—often 
influenced by freshwater scarcity or tidal dominance—could exacerbate physiological 
stress in microalgal communities, particularly those sensitive to osmotic pressure and 
light limitation [38]. Management strategies in these areas must therefore prioritize the 
regulation of upstream freshwater flows and sediment input to stabilize salinity levels 
and maintain water clarity, essential for sustaining primary productivity [10]. 
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In coral reef ecosystems, the negative correlation between temperature and current 
velocity highlights the vulnerability of these systems to warming seas and 
hydrodynamic stagnation (Figs. 5-6). Reduced water movement limits nutrient 
replenishment and oxygen distribution, while elevated temperatures can trigger thermal 
stress responses and disrupt coral–microalgae symbiosis [7], [40]. These findings 
underscore the need for climate-adaptive management approaches, such as establishing 
marine protected areas (MPAs) in hydrodynamically dynamic zones and promoting 
coral restoration efforts using thermally resilient symbiont strains [16], [17]. 

Furthermore, the positive correlations between current velocity and both DO and 
light intensity in both ecosystems (Figs. 5-6) suggest that protecting natural water 
circulation pathways is crucial for maintaining environmental quality. Infrastructure 
development or land reclamation projects that alter current patterns could compromise 
light penetration and oxygenation, leading to cascading impacts on microalgal 
productivity and ecosystem services [34]. 

The integration of environmental monitoring with microalgal bioindicator responses 
can serve as an early warning system for ecosystem degradation (see Fig. 7; Table 2). 
Genera such as Nitzschia, Pleurosigma, and Chaetoceros, which are responsive to 
nutrient and salinity shifts, should be routinely monitored as part of biomonitoring 
frameworks in both mangrove and coral reef systems [32], [33], [41]. Their distribution 
patterns, when correlated with environmental stressors, offer a low-cost yet effective 
method for assessing ecosystem health and guiding intervention strategies [20], [35]. 

Ultimately, the observed parameter interdependencies (Figs. 5-6) reinforce the need 
for ecosystem-specific management protocols that recognize the distinct drivers 
operating in mangrove versus coral reef habitats. Cross-ecosystem approaches that 
account for upstream-downstream connectivity, seasonal variability, and human-
induced pressures will be essential for preserving coastal biodiversity and ecological 
function in regions like Sekotong [27], [34]. 

4.5 Bioindicator Implications 

The taxonomic diversity and ecological distribution of microalgal genera identified in 
Sekotong coastal waters provide a robust foundation for bioindicator-based monitoring 
of environmental health (see Fig. 7; Table 2). The classification of genera into ten 
distinct bioindicator categories (B1–B10) reflects their documented sensitivities to 
specific stressors such as nutrient enrichment, organic pollution, heavy metal exposure, 
and climate-induced habitat shifts [32], [33], [41]. 

Genera categorized under eutrophication indicators (B1), including Achnanthes, 
Bacillaria, Fragilaria, Pleurosigma, and Melosira, are well-established markers of 
nutrient loading and altered trophic states (see definitions in Table 2). Their presence 
in both mangrove and coral reef habitats suggests baseline nutrient inputs, but spatial 
differences in dominance may signal localized eutrophication risks [41]. These genera 
can thus serve as early indicators in nutrient management programs, particularly where 
anthropogenic inputs are increasing due to agriculture or tourism development. 
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Pollution-sensitive genera (B2), such as Amphipleura, Chaetoceros, Navicula, 
Nitzschia, and Rhizosolenia, are recognized for their rapid responses to organic and 
inorganic contaminants (Table 2). Their ecological roles in Sekotong highlight the need 
for vigilant tracking of pollutant sources, especially in mangrove areas where terrestrial 
runoff and sedimentation are prevalent [42]. The distribution of Nitzschia sigma in 
particular aligns with documented sensitivity to salinity and metal toxicity, supporting 
its role as a diagnostic genus for osmotic and chemical stress [32]. 

Harmful algal bloom (HAB) genera (B4) such as Prorocentrum and 
Protoperidinium were also detected (see Table 2), warranting attention given their 
potential to cause ecosystem disruption and fisheries impact. The intermittent 
occurrence of these taxa may signal episodic nutrient pulses or temperature anomalies 
[43]. These findings suggest the importance of establishing a continuous plankton 
monitoring protocol in Sekotong waters to detect bloom onset conditions and develop 
mitigation strategies. 

Other functionally relevant genera—such as Nannochloropsis and Rhabdonella (B6, 
biofiltration), or Dunaliella and Rhabdonema (B9–B10, early degradation 
indicators)—provide ecological services beyond stress detection, such as water quality 
regulation and toxin sensitivity (see Table 2 for category definitions). Their inclusion 
in bioindicator frameworks enables a multi-trophic perspective in monitoring programs 
and supports integrated assessments across physicochemical and biological domains 
[32], [42]. 

Incorporating these taxa into routine assessments enhances the predictive capability 
of environmental monitoring (Fig. 7; Table 2). When analyzed alongside salinity, pH, 
DO, and other key parameters, the presence or absence of key genera offers a cost-
effective, scalable strategy for ecosystem diagnostics. Their use is particularly relevant 
in data-scarce coastal regions where chemical analyses may be logistically or 
financially constrained [33], [35]. 

Collectively, the microalgal genera in this study demonstrate diagnostic precision 
and ecological relevance, reaffirming their value in ecosystem health assessments 
(summarized in Fig. 7 and Table 2). Their deployment as site-specific bioindicators will 
support adaptive management in the face of accelerating anthropogenic and climatic 
changes across tropical coastal habitats such as Sekotong [19], [20], [34]. 

5 Conclusion 

This study provides a comprehensive assessment of microalgal diversity, community 
composition, and environmental interactions within the mangrove and coral reef 
ecosystems of Sekotong coastal waters, Lombok Island. A total of 50 microalgal 
species were identified, with 30 species shared between the two habitats, while 12 and 
8 species were found to be exclusive to mangrove and coral reef ecosystems, 
respectively. These findings underscore both ecological connectivity and habitat-
specific adaptations to distinct physicochemical conditions. 

The comparative analysis of environmental parameters revealed that coral reef 
ecosystems are characterized by higher and more stable dissolved oxygen and light 
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intensities, as well as more consistent salinity and current flow. In contrast, mangrove 
environments demonstrated greater environmental variability, particularly in salinity 
and light availability, which shapes distinct microalgal assemblages adapted to 
fluctuating conditions. Correlation analyses highlighted salinity, dissolved oxygen, and 
current velocity as key drivers of microalgal productivity, with ecosystem-specific 
interactions influencing species distribution. 

The identification and categorization of microalgal genera into ten bioindicator 
groups further emphasized their utility in environmental monitoring. Genera such as 
Nitzschia, Pleurosigma, Prorocentrum, and Dunaliella were found to be ecologically 
informative, offering diagnostic value for assessing nutrient loads, pollution levels, and 
early signs of ecosystem degradation. These taxa present valuable tools for 
implementing site-specific biomonitoring strategies in tropical coastal ecosystems. 

Overall, this study reinforces the importance of integrating species-level taxonomic 
data with multi-parameter environmental analysis to evaluate ecosystem health and 
resilience. The findings contribute baseline knowledge for the development of adaptive, 
ecosystem-based management in mangrove and coral reef systems and highlight the 
role of microalgae as both ecological agents and early-warning indicators in the face of 
increasing environmental pressures. 
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Supplementary Data 

Mangrove Coral Reefs 
Code Latitude  Longitude Code Latitude  Longitude 
M1 8°44'17.2"S   116°01'46.8"E  R1 8°44'20.0"S  116°01'19.3"E   
M2 8°44'18.6"S   116°01'45.7"E  R2 8°44'19.9"S  116°01'23.7"E   
M3 8°44'21.2"S   116°01'46.7"E  R3 8°44'14.0"S  116°01'28.6"E   
M4 8°44'21.5"S   116°01'45.1"E  R4 8°44'07.5"S  116°01'31.5"E   
M5 8°44'21.3"S   116°01'43.4"E  R5 8°44'03.2"S  116°01'27.8"E   
M6 8°44'22.2"S   116°01'42.4"E  R6 8°44'04.6"S  116°01'24.9"E   
M7 8°44'22.7"S   116°01'45.8"E  R7 8°44'03.5"S  116°01'20.5"E   
M8 8°44'22.1"S   116°01'38.1"E  R8 8°44'02.0"S  116°01'01.6"E   
M9 8°44'22.3"S   116°01'36.1"E  R9 8°44'10.8"S  116°01'07.3"E   
M10 8°44'22.7"S   116°01'34.8"E  R10 8°44'19.0"S  116°01'02.7"E   
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