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Abstract. Rasyid A, Putra MY, Handayani W, Yasman. 2025. Macroalgal community structure and beta diversity in the coastal waters 

of East Lombok, Indonesia. Biodiversitas 26: 3115-3124. Coastal ecosystems in East Lombok, Indonesia, are home to diverse 

macroalgal communities influenced by local environmental factors. This study investigates macroalgal community structure and beta 

diversity across three distinct locations: Station 1 (Dasan Ujung Beach), Station 2 (Telong Elong Beach), and Station 3 (Pinky Beach). 

The survey categorized macroalgae into Chlorophyta, Rhodophyta, and Phaeophyta, and employed Simpson and Sørensen dissimilarity 

indices alongside the nestedness-resultant component (βsne) to assess community variability. The results show that Station 2, with a 

complex substrate of coral rubble and calcareous mud, supported a more diverse macroalgal community, including calcifying species 

like Halimeda spp. In contrast, eutrophic conditions at Station 3 promoted the dominance of Ulva lactuca, a species indicative of 

nutrient-rich waters. The beta diversity indices reveal that substrate type and nutrient enrichment play critical roles in shaping 

macroalgal diversity and community composition, rather than water chemistry alone. These findings suggest that habitat heterogeneity 

and local anthropogenic pressures significantly influence coastal biodiversity. This study contributes new insights into the ecological 

drivers of macroalgal distribution in East Lombok and offers a framework for future marine conservation and monitoring. 
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INTRODUCTION 

Macroalgae are diverse, photosynthetic organisms that 

resemble terrestrial plants but are taxonomically distinct as 

marine macroalgae. They inhabit a wide range of marine 

environments, either floating freely in the water column or 

attached to hard substrates such as rocks, coral, and shells 

along the coast (Gao and Lin 2018; Cotas et al. 2023). As 

primary producers, macroalgae play a fundamental role in 

marine ecosystems by converting sunlight into energy 

through photosynthesis, thus forming the base of the 

marine food web. They not only support marine 

biodiversity but also contribute to oxygen production and 

nutrient cycling (Abdel-Kareem and Elsaied 2022). 

Macroalgae are commonly classified into three major 

groups based on pigmentation and biochemical 

characteristics: green algae (Chlorophyta), brown algae 

(Phaeophyceae), and red algae (Rhodophyta), each offering 

distinct ecological functions and industrial applications 

(Prasanthi et al. 2020; Cotas et al. 2023).  

Globally, approximately 10,500 species of macroalgae 

have been identified, including around 7,000 species of red 

algae, 2,000 species of brown algae, and 1,000 species of 

green algae (Chopin 2018; Prasanthi et al. 2020). Of these, 

only about 300 species are considered commercially 

valuable. Furthermore, intensive cultivation efforts have 

focused on just 11 genera: 3 brown algae (Saccharina, 

Undaria, and Sargassum), 4 red algae (Porphyra, 

Eucheuma, Kappaphycus, and Gracilaria), and 4 green 

algae (Ulva, Monostroma, Caulerpa, and Oedogonium) 

(Purcell-Meyerink et al. 2021). Beyond their ecological 

importance, macroalgae are increasingly recognized for 

their wealth of bioactive compounds, including 

antioxidants, antimicrobials, antivirals, anti-inflammatory 

agents, and anticancer substances. These natural 

compounds are of growing interest for use in 

pharmaceuticals, nutraceuticals, functional foods, and 

cosmetics (Abdel-Kareem and Elsaied 2022; Cotas et al. 

2023). Additionally, macroalgae farming contributes to 

sustainable environmental practices by promoting carbon 

capture, reducing excess nutrients in coastal waters, and 

supporting marine habitat restoration, positioning 

macroalgae as a key component in the development of the 

blue economy. 

Indonesia is the largest country made only of islands, 

consisting of 13,558 islands, situated within the Coral 

Triangle (Andréfouët et al. 2022). Indonesia boasts one of 

the highest levels of marine biodiversity in the world, 

including a rich diversity of macroalgae (Hutomo and 

Moosa 2005). The country's vast coastline, warm tropical 

waters, and varied marine habitats, from coral reefs and 

mangroves to seagrass beds, create ideal conditions for 

macroalgae growth. Macroalgae are widely distributed 

across Indonesia's coastal areas, supporting both ecological 
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functions and the livelihoods of coastal communities 

engaged in harvesting and aquaculture activities (Rimmer 

et al. 2021). 

Indonesia is home to an estimated 903 species of 

macroalgae, reflecting its significant marine botanical 

diversity. Among these, red algae (Rhodophyta) constitute 

the largest group, with 564 recorded species (Atmadja and 

Reine 2010). Red macroalgae are particularly important 

due to their high content of phycocolloids such as agar and 

carrageenan, which are widely used in food, 

pharmaceutical, and cosmetic industries. Green algae 

(Chlorophyta) follow with 201 species, while brown algae 

(Phaeophyceae) contribute 138 species to Indonesia’s 

macroalgae diversity (Atmadja and Reine 2014). These 

groups vary not only in color and structure but also in 

biochemical composition and commercial value. 

The high macroalgal diversity in Indonesian waters 

provides essential ecological services and forms the 

foundation for sustainable marine resource development, 

offering significant economic opportunities through 

biotechnology research and blue economy initiatives that 

promote food security, environmental resilience, and 

community welfare. Ecologically, macroalgae play a 

crucial role in providing habitat, enhancing water quality, 

and maintaining coastal ecosystem health. They absorb 

excess nutrients such as nitrogen and phosphorus, reducing 

eutrophication and enhancing water clarity. Additionally, 

through photosynthesis, macroalgae produce oxygen, 

stabilize pH by removing CO2, and bioaccumulate heavy 

metals and pollutants, making them key contributors to 

water purification and overall ecosystem resilience (Kim et 

al. 2017; Arumugam et al. 2018; Ramesh et al. 2023; 

Varabih and Nofirman 2023). Economically, macroalgae 

cultivation is one of the country's key aquaculture sectors, 

with Indonesia ranking among the world's top producers of 

commercially valuable macroalgae like Eucheuma and 

Gracilaria (Waters et al. 2019).  

Information on marine resources, particularly 

macroalgae, in the waters of East Lombok, Indonesia, 

remains limited. Although previous studies have explored 

macroalgal diversity in other parts of Lombok Island, such 

as Batu Layar Coast in West Lombok (Kirana et al. 2021) 

and Sire Beach in North Lombok (Arianti et al. 2024), 

studies focusing specifically on East Lombok are still 

scarce. One notable exception is Furqan et al. (2023), who 

investigated the genetic diversity of macroalgae along the 

Ekas Coast in East Lombok, yet broader studies on 

macroalgal community composition and its ecological 

drivers in this region remain scarce. 

Understanding the ecological factors that shape 

macroalgal community structure is critical for effective 

coastal ecosystem management. However, the roles of beta 

diversity components, specifically species turnover and 

nested-ness, remain underexplored at local spatial scales. 

Analytical approaches using Sørensen and Simpson 

dissimilarity indices, combined with nested-ness 

partitioning, are seldom applied in relation to 

environmental gradients. 

This study aims to address this gap by evaluating the 

macroalgal community structure and beta diversity across 

three distinct sites in East Lombok: Dasan Ujung Beach, 

Telong Elong Beach, and Pinky Beach. Specifically, this 

research seeks to answer two key questions: (i) How does 

macroalgal community composition vary among the sites? 

and (ii) What environmental factors drive these 

differences? We hypothesize that substrate heterogeneity 

and seawater parameters are key determinants of beta 

diversity, shaping both species turnover and nested-ness 

patterns. The findings are expected to provide baseline 

ecological data to support conservation and sustainable 

management of coastal ecosystems in East Lombok.  

MATERIALS AND METHODS 

Study period and location 

The study was conducted during low tide in July 2024 

at three selected coastal sites in East Lombok, West Nusa 

Tenggara, Indonesia: Dasan Ujung Beach (Station 1: 

116°27′31.3416″ E, 8°51′3.2004″ S), Telong Elong Beach 

(Station 2: 116°30′12.6504″ E, 8°48′47.9736″ S), and Pink 

Beach (Station 3: 116°34′53.4864″ E, 8°51′31.2084″ S) 

(Figure 1). 

Procedures 

Transect establishment and quadrat placement 

The macroalgae diversity assessment was conducted 

using the quadrat-transect method, with each transect 

measuring 100 meters in length (Valero‑Rodriguez et al. 

2024) and each quadrat measuring 1×1 meter (Wiecek 

2023). At each sampling station, three transect lines were 

laid perpendicular to the shoreline (Wiecek 2023, Arianti et 

al. 2024), with a distance of 20 meters between each line. 

Along each transect, 1 m² quadrats were placed at 10-meter 

intervals (Kirana et al. 2021), starting from 0 meters up to 

100 meters.  

Macroalgae species and abiotic parameter measurements  

Within each quadrat, all visible macroalgae species 

were recorded, and the number of individuals per species 

was counted. Representative specimens were collected in 

labeled plastic bags and brought to the laboratory for 

further identification and confirmation. In addition to 

biological data, environmental parameters were also 

measured (Hasni et al. 2022). Water temperature was 

recorded using a thermometer, pH was measured with a 

portable pH meter, and salinity was determined using a 

refractometer. Observations of the substrate type at each 

sampling site were also conducted to provide context for 

habitat conditions. 

Species identification 

The identification of macroalgae species was conducted 

using reference guides by Al-Yamani et al. (2014), Lima et 

al. (2017), Newton (2017), and Handayani et al. (2023). 

Additionally, the scientific names of the macroalgae were 

cross-checked with Guiry and Guiry (2022) to ensure 

alignment with current taxonomic standards.  
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Figure 1. Map of sampling locations in East Lombok, Indonesia, indicating Station 1 (Dasan Ujung Beach), Station 2 (Telong Elong 

Beach), and Station 3 (Pinky Beach). The inset map displays the Indonesian Archipelago, with a red arrow indicating the position of 

Lombok Island (Source: Google Maps). Note: The map indicates general sampling areas; detailed coordinates are provided in the 

paragraph 

 

 

 

Data analysis 

The obtained data were tabulated. Macroalgae species 

data analyzed using formula described by Wiraatmaja et al. 

(2022) to obtain the value of abundance, biodiversity index, 

species richness index, evenness, and dominance. Beta 

diversity was assessed using species presence data, without 

considering abundance. Pairwise comparisons between 

stations were conducted using three related indices. The 

Sørensen dissimilarity index (βsor) was used to measure the 

overall differences in species composition between sites, 

with values ranging from 0 (identical composition) to 1 

(completely different). The Simpson dissimilarity index 

(βsim) focused specifically on species turnover, or the 

replacement of species between stations. The nested-ness 

resultant component (βsne) was calculated by subtracting 

βsim from βsor (βsne = βsor – βsim), representing the portion of 

beta diversity due to differences in species richness where 

one community is a subset of another (Fontana et al. 2020). 

The interpretation of H’s values differs, yet typically: 

H’≤1: Low diversity; 1<H’<3: Moderate diversity; H’≥3: 

High diversity (Spellerberg and Fedor 2003). Evenness 

ratings span from 0 to 1, with elevated values signifying a 

more equitable distribution. Categories encompass 

0<E<0.4: Low evenness; 0.4<E≤0.6: Moderate evenness; 

E>0.6: High evenness (Smith and Wilson 1996). 

Categories of dominance index encompass 0<D≤0.5: low 

dominance; 0.5<D≤0.75: moderate dominance; 0.75<D≤1: 

high dominance (Somerfield et al. 2008). All data were 

presented descriptively.  

RESULTS AND DISCUSSION 

Macroalgae species composition, frequency, abundance, 

and density 

A total of 15 macroalgae species, representing 11 

genera and 10 families, were identified from the quadrat 

samples collected across the study sites in East Lombok, 

Indonesia (Table 1). This number is comparable to the 

findings of Arianti et al. (2024), who also recorded 15 

macroalgae species at Sire Beach, North Lombok; 

however, their study reported fewer genera (9) and families 

(7). In contrast, Kirana et al. (2021) documented a higher 

diversity of macroalgae at Batu Layar Coast in West 

Lombok, with 24 species spanning 20 genera and 14 

families. When combined, the total number of species 

reported in the present study, Kirana et al. (2021), and 

Arianti et al. (2024) amounts to 45 species, still 

considerably lower than the macroalgal diversity reported 

for the Thousand Islands, Jakarta, by Draisma et al. (2018). 

These comparisons highlight the need for further, more 

comprehensive surveys to fully explore the macroalgal 

diversity of Lombok's coastal waters. Notably, several 

species identified in the present study hold commercial 

importance across various industries. For example, Ulva 

spp. is widely used in cosmetics, pharmaceuticals, 

chemicals, food, and bioenergy applications (Dominguez 

and Loret 2019), while Caulerpa spp. are commercially 

valued in the food and pharmaceutical sectors (Mehra et al. 

2019; Zubia et al. 2020). Some species, such as Sargassum, 

Kappaphycus, Gracilaria, Ulva, and Caulerpa, are even 

the focus of intensive cultivation efforts as reported by 

Purcell-Meyerink et al. (2021). 
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Table 1. List of macroalgae species recorded across the sampling 

sites in East Lombok, Indonesia 

 

Division, Class  Family  Species 

Chlorophyta   

Ulvophyceae Caulerpaceae Caulerpa lentillifera 

  Caulerpa simpliciuscula 

 Halimedaceae Halimeda macroloba  

  Halimeda oppuntia  

 Ulvaceae Ulva lactuca  

  Ulva reticulata  

Phaeophyta   

Phaeophyceae Dictyotaceae Dictyota dichotoma var. 

guinea 

  Padina australis  

 Sargassaceae Sargassum plagiophyllum  

Rhodophyta   

Florideophyceae Lithophyllaceae Amphiroa fragilissima  

 Gracilariaceae Gracilaria gracilis  

  Gracilaria salicornia  

 Cystocloniaceae Hypnea charoides  

 Solieriaceae Kappaphycus alvarezii  

 Rhodomelaceae Laurencia nidifica  

 

 

 

The macroalgae recorded in this study were classified 

into three major divisions: Chlorophyta (green algae), 

Rhodophyta (red algae), and Phaeophyta (brown algae). 

Among these, Chlorophyta and Rhodophyta exhibited the 

highest species richness, each contributing six species 

(40%), while Phaeophyta was represented by only three 

species (20%) (Figure 2). Ulva lactuca emerged as the 

most conspicuous species, particularly at Station 3, with an 

abundance of 365 individuals, a density of 11.06 ind./m2, 

and a frequency of 45.46%. This was followed by Padina 

australis, with a total abundance of 132 individuals, a 

density of 4.00 ind./m2, and the highest frequency value of 

33.33% at Station 1 and 2. Halimeda macroloba ranked 

third in abundance of 96 individuals, a density of 2.91 

ind./m2, and the highest frequency value of 30.30% at 

Station 2 (Table 2). 

Given that water parameters (pH, salinity, and 

temperature) were consistent across all three stations, the 

dominance of Chlorophyta, particularly Halimeda species 

at Station 2 (Telong Elong Beach), appears closely linked 

to the sandy and coral rubble substrates characteristic of 

this site (Table 3). According to Johan et al. (2015), sandy 

substrates are favorable for the establishment of green 

macroalgae, a finding consistent with Anggadiredja (2017), 

who noted that many Chlorophyta species are commonly 

associated with sandy coastal habitats. 

The high abundance and frequency of H. macroloba 

and H. opuntia at Station 2 further suggest the presence of 

calcareous substrates beneath the sand and coral rubble 

layers, as both species are calcareous macroalgae. These 

algae are essential contributors to carbonate sediment 

production in tropical marine ecosystems and are known 

for their resilience to environmental variability, including 

fluctuating light levels and nutrient availability (Zúñiga-

Ríos et al. 2021). The lower diversity of other macroalgal 

groups at Station 2 may indicate ecological competition or 

environmental filtering driven by substrate type. 

In contrast, at Station 3, the overwhelming dominance 

of U. lactuca suggests the possibility of eutrophic 

conditions, as this species is known to proliferate in 

nutrient-enriched environments. The co-occurrence of other 

green macroalgae such as Caulerpa simpliciuscula and U. 

reticulata further supports this ecological inference. Both 

Caulerpa and Ulva species are well-adapted to nutrient-

rich habitats and may exhibit invasive behavior under 

elevated nutrient levels (Pacciardi et al. 2011; Chen et al. 

2019). In particular, the rapid growth of U. lactuca has 

been widely associated with elevated levels of nitrogen and 

phosphorus (Hofmann et al. 2024), often linked to 

anthropogenic sources such as agricultural runoff and 

sewage discharge (Madjar et al. 2024; Müller-Karulis et al. 

2024). However, it should be noted that nutrient 

concentrations were not directly measured in the present 

study. 

For example, in Ireland, massive blooms of Ulva 

species have been linked to fertilizer runoff from adjacent 

catchments, leading to ecological impacts such as oxygen 

depletion and habitat alteration (Wan et al. 2017). 

Similarly, in Brittany, France, intensive agricultural 

activities have caused significant blooms of U. lactuca, 

whose decomposition releases harmful gases like methane 

and hydrogen sulfide, posing health risks to nearby 

communities (Zhang et al. 2019). 

Further evidence indicates that eutrophic conditions 

substantially enhance the growth rates and photosynthetic 

performance of U. prolifera, a close relative of U. lactuca, 

facilitating the development of large-scale green tides (Cai 

et al. 2023). Thus, the proliferation of U. lactuca at Station 

3 serves as a robust bioindicator of nutrient enrichment. 

However, it is important to acknowledge that the 

observed dominance of U. lactuca at Station 3, while 

suggestive of eutrophic conditions (Teichberg et al. 2010), 

may also be part of natural cyclical bloom phenomena 

observed in various coastal ecosystems. Studies have 

documented that green macroalgal blooms, including those 

of Ulva species, can occur periodically due to natural 

nutrient cycling processes. During such cycles, Ulva spp. 

accumulate significant amounts of inorganic nutrients 

(primarily nitrogen and phosphorus), reaching peak 

biomass before collapsing (Dominguez and Loret 2019). 

This collapse not only releases harmful gases such as 

methane and hydrogen sulfide, which pose health risks to 

nearby communities (Zhang et al. 2019), but also returns 

stored nutrients to the environment, potentially facilitating 

the recovery of other primary producers like 

microphytobenthos and seagrasses. However, the limited 

temporal scope of the present study did not allow for 

observation of bloom progression or decline, and to our 

knowledge, there are currently no published reports 

documenting such cyclical bloom events in Lombok Island. 

Future long-term studies incorporating seasonal sampling 

and nutrient monitoring would be essential to distinguish 

between anthropogenic eutrophication and naturally 

occurring bloom cycles in this region. 
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Station 1 (Dasan Ujung Beach) is the only site where all 

recorded species exhibited relatively similar abundance and 

frequency, indicating a more stable and balanced 

community structure compared to the other two stations. 

Although this station had the lowest species richness, it 

recorded the highest values for both the diversity index and 

evenness (Table 4). This supports the fundamental 

ecological concept that diversity indices are not solely 

influenced by species richness but are also strongly 

affected by species evenness and dominance patterns 

(Smith and Wilson 1996; Spellerberg and Fedor 2003; 

Somerfield et al. 2008). 

These patterns highlight how different macroalgal taxa 

act as bioindicators of specific environmental conditions. 

While U. lactuca and Caulerpa species are associated with 

nutrient enrichment often linked to anthropogenic 

influences, Halimeda species are more indicative of 

calcareous substrates under less nutrient-rich conditions 

(McNeil et al. 2021; Zokm et al. 2022). Therefore, 

variations in substrate composition and anthropogenic 

pressure are likely key drivers shaping macroalgal 

distribution in the coastal waters of East Lombok. 

However, the limitations of the present study highlight the 

need for further research, particularly involving direct 

measurements of environmental parameters and the 

application of more sensitive and advanced analytical 

methods to capture broader ecological dynamics. 

Rhodophyta made a significant contribution to the 

overall macroalgal diversity, ranking as the second most 

represented division in this study. Red algae are known for 

their wide ecological tolerance, inhabiting environments 

ranging from shallow intertidal zones to deeper subtidal 

areas (Handayani et al. 2023). The most frequently 

observed Rhodophyta species was Amphiroa fragilissima, 

particularly abundant at Station 1, where it formed dense 

clusters in tide pools across intertidal and subtidal zones 

throughout the year. As noted by Wai (2018), A. 

fragilissima is often associated with other macroalgae such 

as Caulerpa, Halimeda, and Padina. This association was 

consistent in the present study for Padina, although 

Caulerpa was not observed in close proximity, and 

Halimeda was entirely absent from Station 1. The co-

occurrence of A. fragilissima and P. australis at this site 

also suggests that environmental conditions, such as 

moderate wave action, adequate light availability, and 

suitable substrate type, may be favorable for these species 

(Islam et al. 2020). Additionally, A. fragilissima is known 

to inhabit seagrass beds (Wai 2018). In this study, it was 

recorded at Stations 1 and 3, where the substrate was 

predominantly sandy to slightly muddy sand (Table 3). 

In contrast, Phaeophyta (brown macroalgae) were the 

least abundant group observed. This limited presence may 

be related to their morphological characteristics; their thalli 

are typically thin and sheet-like, making them more prone 

to desiccation. Consequently, brown algae generally prefer 

deeper subtidal habitats that remain submerged for 

extended periods (Gómez et al. 2019). They may inhabit 

depressions or lower intertidal zones that retain water 

during low tide. The most frequently encountered species 

from this group was P. australis. Along with Dictyota 

dichotoma, these two species were the only ones found 

consistently across all sampling stations (Table 2). 

Diversity, species richness, evenness, and dominance 

index 

Evaluating macroalgal communities through 

measurements of diversity, species richness, evenness, and 

dominance is crucial for understanding the ecological 

health and stability of coastal ecosystems. These ecological 

indices offer insights into species composition, competitive 

dynamics, and the degree of environmental stress 

experienced by marine habitats (Rodriguez et al. 2016). 

Variations among these indices can reveal important 

environmental gradients, anthropogenic pressures, and 

habitat suitability, all of which are critical for effective 

coastal zone management. 

Station 1 exhibited a Diversity Index (H') of 1.45, a 

Species Richness Index of 0.72, an Evenness Index of 0.90, 

and a Dominance Index of 0.24 (Table 4). Although the 

number of species was relatively low (only five species 

recorded), the very high evenness indicates that individuals 

were distributed almost equally among the species. The 

low dominance value suggests no single species 

overwhelmingly dominated the community, supporting a 

balanced and stable ecosystem. Such a community 

structure is typically associated with minimal ecological 

stress and favorable environmental conditions, including 

sufficient light penetration, diverse substrate types, and 

moderate nutrient availability (Leliaert et al. 2014; Asmida 

et al. 2017; Zainee et al. 2019). 

Ecologically, this suggests that Station 1 represents a 

well-structured macroalgal community, with major 

contributors like P. australis and A. fragilissima thriving 

without suppressing other taxa. The presence of calcified 

algae such as A. fragilissima points to a habitat with 

moderate wave action and stable environmental parameters 

(Imchen 2015; Roleda and Hurd 2019). 
 

 

 

 
 

Figure 2. The composition of macroalgae species across the 

sampling sites in East Lombok, Indonesia 
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Table 2. Number of individuals, abundance, frequency, and density of macrolagae in East Lombok, Indonesia 

 

Division/Species 

Number of individuals Total 

quadrats 

assessed 

Abundance 

(ind.) 

Frequency (%) 
Density 

(ind./m2) 
Station 

1 

Station 

2 

Station 

3 

Station 

1 

Station 

2 

Station 

3 

Chlorophyta          

 Caulerpa lentillifera 52 0 0 33 52 27.27 0 0 1.58 

 Caulerpa simpliciuscula 0 0 15 33 15 0 0 9.09 0.45 

 Halimeda macroloba 0 86 10 33 96 0 30.30 18.18 2.91 

 Halimeda oppuntia 0 64 3 33 67 0 30.30 6.06 2.03 

 Ulva lactuca 0 0 365 33 365 0 0 45.46 11.06 

 Ulva reticulata 0 0 2 33 2 0 0 6.06 0.06 

Phaeophyta          

 Dictyota dichotoma 9 6 1 33 16 6.06 3.03 3.03 0.48 

 Padina australis 87 43 2 33 132 33.33 33.33 3.03 4.00 

 Sargassum plagiophyllum  0 1 0 33 1 0 3.03 0 0.03 

Rhodophyta          

 Amphiroa fragilissima 60 0 2 33 62 21.21 0 3.03 1.88 

 Gracilaria gracilis 0 0 22 33 22 0 0 12.12 0.67 

 Gracilaria salicornia 41 9 0 33 50 15.15 9.09 0 1.52 

 Hypnea charoides 0 0 2 33 2 0 0 3.03 0.06 

 Kappaphycus alvarezii 0 1 0 33 1 0 3.03 0 0.03 

 Laurencia nidifica 0 0 9 33 9 0 0 12.12 0.27 

Total number of species 5 7 11       

Total number of individuals 254 217 444       

 

 

 

Table 3. Water parameters across all sampling stations in East 

Lombok, Indonesia 

 

Location 
Temperature 

(oC) 
pH 

Salinity 

(%) 
Substrate 

Station 1 30 7 34 Sand, muddy sand 

Station 2 30 7 34 Sand, calcareous mud, 

coral rubble 

Station 3 30 7 34 Sand, slightly muddy 

sand 

 

 

 

Table 4. Ecological indices of macroalgal community in East 

Lombok, Indonesia 

 

Ecological indices of 

macroalgae community 

Values 

Station 1 Station 2 Station 3 

Diversity index (H′) 1.45 1.20 0.73 

Species richness (R) 0.72 1.11 1.64 

Evenness (E) 0.90 0.61 0.31 

Dominance (C) 0.24 0.29 0.68 

 

 

 

In contrast, Station 2 displayed a diversity index of 

1.20, slightly lower than Station 1, despite hosting seven 

species (higher species count). The species richness index 

was 1.11, while the evenness index was moderate at 0.61, 

and the Dominance Index stood at 0.29 (Table 4). Here, the 

macroalgal assemblage was more species-rich than Station 

1, but less even, with H. macroloba (abundance: 86 

individuals, density: 2.91 ind./m2, frequency: 30.30%) and 

H. opuntia (abundance: 64 individuals, density: 2.03 

ind./m2, frequency: 30.30%) being the dominant species 

(Table 2). Thispoints to a moderately specialized 

community, where environmental conditions selectively 

favor calcifying green algae. 

The moderate evenness and higher dominance relative 

to Station 1 indicate stronger competition among species, 

but still suggest that the habitat supports more than just the 

dominant taxa. The environmental setting at Station 2 

likely features calcareous substrates such as coral rubble 

and stable, clear waters, conditions that favor calcification 

processes in macroalgae (Teichberg et al. 2013). Although 

some dominance by Halimeda species was observed, the 

overall structure still reflects a relatively healthy but more 

specialized ecosystem compared to Station 1. 

Meanwhile, Station 3 showed the most distinctive 

pattern, with a Diversity Index of just 0.73, a Species 

Richness Index of 1.64 (the highest among all stations), a 

very low Evenness Index of 0.31, and a high Dominance 

Index of 0.68. Despite recording 11 species (the highest 

richness), biodiversity was the lowest because one 

opportunistic species, U. lactuca, overwhelmingly 

dominated the community (abundance: 365 individuals, 

density: 11.06 ind./m2, frequency: 45.46%). 

Such high dominance and low evenness imply a 

severely imbalanced community, where environmental 

stress, particularly eutrophication, favors the proliferation 

of fast-growing species (Green-Gavrielidis et al. 2018). 

The ecological conditions at Station 3 are therefore likely 

degraded, characterized by high nutrient loading possibly 

originating from domestic runoff, agricultural activities, or 

aquaculture effluents (Cai et al. 2023). This pattern is 

consistent with other studies showing that eutrophic 

environments promote green algal blooms, reducing overall 

diversity and destabilizing established community 

structures (Teichberg et al. 2013; Green-Gavrielidis et al. 

2018). 
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Although some environmental parameters such as pH, 

salinity, and temperature were measured and found to be 

relatively constant across sites, a key limitation of the 

present study is the absence of direct measurements of 

nutrient concentrations in the water column. The observed 

dominance of opportunistic species such as U. lactuca at 

Station 3 may suggest nutrient enrichment; however, this 

inference is based solely on established ecological 

associations (Teichberg et al. 2010) rather than empirical 

evidence. Without quantitative data on nutrient levels, it 

remains difficult to definitively attribute macroalgal 

community patterns to eutrophication or to distinguish the 

specific environmental drivers at play. This limitation 

hinders a comprehensive understanding of how abiotic 

factors (particularly nutrient availability, light penetration, 

and hydrodynamics) influence macroalgal distribution and 

diversity. To improve ecological interpretations and better 

identify the mechanisms shaping macroalgal community 

structure, future research should incorporate detailed 

physicochemical water quality analyses alongside 

biological assessments. 

In addition, the comparison among the stations 

underscores that diversity indices are shaped not only by 

species richness but also by evenness and dominance. 

Although Station 3 had the highest number of species, its 

low evenness and high dominance resulted in poor 

diversity, highlighting that a high species count alone is not 

a reliable indicator of ecosystem health. In contrast, Station 

1, with fewer species but high evenness and low 

dominance, exhibited the highest ecological stability and 

health. Station 2 occupied an intermediate position, 

showing moderate richness, evenness, and dominance, 

suggesting a habitat transitioning between stability and 

specialized community structure. Thus, comprehensive 

assessment of biodiversity must integrate multiple indices 

rather than relying solely on species counts, as it provides 

deeper insights into the ecological status and resilience of 

coastal macroalgal communities.  

Beta diversity 

The calculation of the Simpson and Sørensen 

dissimilarity indices among the three locations in East 

Lombok offers valuable insights into the macroalgal 

community structure, allowing the partitioning of beta 

diversity into species turnover and nested-ness 

components. Species turnover reflects the replacement of 

taxa between sites, while nested-ness (βsne) accounts for 

differences in species richness due to species loss or gain 

without replacement (Fontana et al. 2020).  

To further disentangle these patterns, the nested-ness 

resultant component (βsne) was computed for each pairwise 

station comparison. The βsne values observed in this study 

(Table 5) were generally low relative to species turnover, 

indicating that differences in macroalgal communities 

among the three sites are largely driven by species 

replacement rather than simple richness gradients. This 

suggests that local environmental conditions, particularly 

substrate heterogeneity and eutrophication, play a more 

critical role in shaping community structure than species 

loss alone. 

Table 5. Pairwise dissimilarity indices (Simpson and Sørensen) 

and nested-ness resultant component (βsne) for macroalgal 

communities across three stations in East Lombok, Indonesia 

 

Comparison 

Sørensen 

dissimilarity 

(βsor) 

Simpson 

dissimilarity 

(βsim) 

Nested-ness 

resultant 

component 

(βsne) 

Station 1 vs 2 0.50 0.40 0.10 

Station 2 vs 3 0.56 0.43 0.13 

Station 1 vs 3 0.63 0.40 0.23 

 

 

 

For example, while the presence of shared species (D. 

dichotoma, P. australis, and Gracilaria salicornia) 

suggests a baseline similarity between Station 1 and Station 

2, notable species turnover is evident. C. lentillifera and A. 

fragilissima were found exclusively at Station 1, whereas 

Sargassum plagiophyllum, Kappaphycus alvarezii, and 

calcifying species such as H. macroloba and H. opuntia 

were unique to Station 2. These distinctions are closely 

associated with substrate characteristics: Station 2 is 

dominated by coral rubble and calcareous mud, which 

provide favorable conditions for calcifying macroalgae, 

while Station 1 exhibits more homogeneous sediment 

composition. Similarly, the pronounced turnover between 

Station 2 and Station 3 is marked by the dominance of fast-

growing, eutrophic-tolerant species at Station 3, such as U. 

lactuca, U. reticulata, C. simpliciuscula, and Gracilaria 

gracilis, (Pacciardi et al. 2011; Pedersen and Johnsen 2017; 

Green-Gavrielidis et al. 2018; Chen et al. 2019), which 

were entirely absent from Station 2. This pattern further 

supports our assumption that nutrient enrichment and 

disturbance tolerance are key factors shaping the 

macroalgal community composition at Station 3. 

The comparison between Station 1 and Station 3 

mirrors this trend: despite sharing three species, Station 3 

again harbors a greater number of opportunistic taxa absent 

from Station 1. This reinforces the idea that environmental 

differences, particularly nutrient availability, and substrate 

type, are key drivers of community differentiation. 

The consistently low βsne values across comparisons 

suggest that nested-ness plays a limited role in shaping beta 

diversity in this system. However, even a modest degree of 

nested-ness has ecological and conservation significance. 

In this context, low nested-ness implies that macroalgal 

communities are highly specialized and spatially distinct 

rather than forming subsets of one another. This means that 

conserving a single site will not capture the full diversity of 

macroalgal taxa in the region; each location contributes 

uniquely to the overall biodiversity. From a conservation 

perspective, this highlights the importance of protecting 

multiple habitats with varying environmental 

characteristics to preserve the full spectrum of macroalgal 

diversity. 

In terms of ecosystem functioning, low nested-ness also 

implies reduced redundancy across sites. Functional traits 

associated with key taxa (e.g., calcifies at Station 2 or 

eutrophic-tolerant species at Station 3) may not be present 

at other sites, increasing the vulnerability of ecosystem 

functions to local disturbances. Thus, the combination of 
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high turnover and low nested-ness underscores the 

ecological importance of maintaining habitat heterogeneity 

and mitigating localized anthropogenic pressures, such as 

nutrient loading or substrate alteration. 

Overall, our findings suggest that beta diversity in East 

Lombok’s coastal waters is primarily governed by species 

turnover, driven by environmental heterogeneity. The 

limited contribution of nested-ness reinforces the need for 

site-specific conservation strategies that reflect the spatial 

uniqueness of macroalgal communities. Understanding 

these dynamics is crucial for developing effective coastal 

management and monitoring frameworks that account for 

biodiversity at both local and regional scales. 

The variation in dissimilarity indices reflects significant 

beta diversity across the study sites, highlighting that 

coastal community structure is shaped by a combination of 

local environmental variables and broader ecological 

processes. Beta diversity indices such as Simpson and 

Sørensen dissimilarity emphasize the ecological 

complexity of coastal habitats and underscore the 

importance of habitat heterogeneity in maintaining 

macroalgal biodiversity (Rodriguez et al. 2016). 

Thus, while the Sørensen and Simpson indices quantify 

the overall dissimilarity between stations, the nested-ness 

component provides deeper insight into the role of species 

richness in shaping these patterns. The observed 

differences in substrate types, along with their influence on 

the macroalgal communities, underscore the complex 

interplay of abiotic factors driving community structure 

and function. These findings contribute to a broader 

understanding of how environmental variability, including 

substrate complexity and anthropogenic disturbances, 

shapes coastal ecosystem biodiversity and stability 

(Asmida et al. 2017; Roleda and Hurd 2019). 

In conclusion, this study demonstrates that substrate 

heterogeneity and local environmental conditions strongly 

influence macroalgal community composition and beta 

diversity in East Lombok's coastal waters. The analysis 

revealed that species turnover, rather than nested-ness, was 

the dominant driver of beta diversity, indicating 

pronounced shifts in species composition across sites. 

Notably, opportunistic taxa such as U. lactuca were 

associated with eutrophic conditions, while calcifying 

macroalgae were linked to calcareous substrates. These 

findings highlight the importance of preserving habitat 

complexity and managing nutrient inputs as essential 

strategies for conserving macroalgal biodiversity and 

maintaining ecosystem resilience.  
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