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ABSTRACT  

	Background and Aims: Mangrove forests are very important in ensuring the ecological balance of the coastal areas, but the sustainability of these forests is being affected by abrasion, pollution, and natural regeneration to the point where it is becoming rare. This was research conducted to determine the present ecological state of the Baros mangrove ecosystem through analysis of the vegetation community structure in terms of ecological indices.
Study design: An observational ecological study focusing on vegetation community structure analysis. 
Place and Duration of Study: The research was conducted in June 2025 at the Mangrove Baros ecosystem in Bantul Regency, Yogyakarta Special Region.
Methodology: Data on vegetation were obtained by use of the quadrat transect method on three observation stations which represented the tree, sapling and seedling strata. The species were identified, the number of each species counted, and structural measurements made. The Shannon-Wiener diversity, Simpson’s dominance, evenness, and species richness indices were used to assess community structure.
Results: Mangrove diversity ranged from low to moderate across stations and strata. The community was strongly dominated by Rhizophora apiculata and Avicennia marina, resulting in uneven species distribution and low richness. Regeneration was limited, with seedlings recorded at only one station. These patterns indicate a simplified vegetation structure and reduced ecological resilience, likely associated with environmental pressures such as waste accumulation and coastal abrasion.
Conclusion: The Baros mangrove ecosystem is experiencing ecological stress and constrained natural recovery. Management strategies should prioritise multi-species rehabilitation and ecosystem-based conservation to enhance biodiversity and long-term stability.
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1. INTRODUCTION  

Mangrove forests are among the most significant coastal ecosystems providing crucial ecological, social, and economic services. These ecosystems play an essential role in preventing coastal abrasion, serving as spawning and nursery grounds for fish and other aquatic organisms, contributing to carbon sequestration, and supporting local livelihoods (Majid, Al Muhdar, Rohman, & Syamsuri, 2016; Nurmadi, Elhanafi, Lubis, Tommy, & Siregar, 2021). Mangroves possess a high adaptive capacity to extreme environmental conditions including tidal fluctuations, high salinity, and muddy substrates (Pratitis & Khalid, 2020). However, increasing anthropogenic pressures and natural processes have led to widespread declines in mangrove cover and overall ecosystem degradation in most coastal areas.
One of the conservation areas considered significant in the Special Region of Yogyakarta is the Baros Mangrove Ecosystem located in Baros Hamlet, Tirtohargo Village, Bantul Regency. As stated in the Bantul Regent Decree No. 284 of 2014, the designated conservation area covers 132 hectares, although only approximately 4 hectares have been planted to date. Since 2003, conservation initiatives have been implemented to reduce coastal abrasion and environmental degradation (Suraningsih, 2020). Despite these efforts, coastal erosion persists because of strong ocean currents, changes in the flow of the Opak River and the geographical position of the area, which directly faces the Indian Ocean (Guruh, 2022). The abrasion rate in this region is between 0.75 and 13.4 cm per week (Tim PKM-PM UGM, 2021), and between 2018 and 2023 the mangrove area declined by approximately 0.44 hectares. Moreover, solid waste transported by the Opak River accumulated around the roots of the mangroves, thereby inhibiting natural regeneration process (Yuniarti, Andriani, Prasetiawan, Faizal, & Chotimah, 2023).
The significance of mangroves in reducing coastal abrasion has been pointed out in many studies. reported that the abundance of Rhizophora spp. can be effectively beneficial in reducing the wave energy, though Irwansah, Usman, Muttaqin, & Mahariyanti (2024) stated that the high density of vegetation in mangrove ecosystems is strongly correlated with the ability of the ecosystem to resist abrasion. Moreover, Handriani et al., (2025) found that the suitability of the site of the species is a determinant of the success of the mangrove conservation efforts. However, these studies are general all through and have not specifically been able to analyze the vegetation community structure of the Baros Mangrove Ecosystem although community level analysis is crucial in determining the balance and resilience of an ecosystem. 
One of the most frequently employed tools to analyze vegetation communities to measure the stability of the community and species diversity is Shannon Wiener diversity index Shannon-Wiener (H’). Greater H values are a more stable and diverse ecosystem, and lower values show the prevalence of a few species, as well as the vulnerability to disruptions (Nuraina, Fahrizal, & Prayogo, 2018). Likewise, the degree of dominance by one species in a community is determined by the index of dominance by that particular species (C) of the community. C values close to 1 meant that there was high dominance of a single species and less stability in the ecosystem, but lower values indicated a more equalized community structure (Mandagi et al., 2024).
On these grounds, this research paper will evaluate the present state of the Baros Mangrove Ecosystem based on the structure of the vegetation community, the Simpson dominance index, species richness index, evenness index and Shannon-Wiener diversity index. The results should demonstrate a clear impression of the ecology of the Baros Mangrove Ecosystem and should be used as a scientific foundation of the conservation efforts and sustainability initiatives in the future. These ecological indices have been chosen due to provide a complementary information on the stability of the ecosystem such as the diversity of the species, the pattern of dominance, the balance of distribution, and the regeneration ability. They all provide a complete assessment of the resilience of mangrove communities and can be used as good signals of early warning of ecological stress and degradation of the ecosystems.

2. material and methods 

2.1. Time and Place of Research 

The Baros Mangrove Ecosystem in Bantul Regency, Special Region of Yogyakarta, Kretek Sub-district, Tirtohargo Village, Indonesia was surveyed under the fieldwork in June of 2025. The region under study is located on the estuary of the Opak River and the Indian Ocean directly (8°01′16″ S; 110°17′27″ E). The location was chosen because it is exposed to various environmental stressors, such as coastal erosion, disturbed river hydrodynamics, poor mangrove cover, and solid waste accumulation, all of which limit the nature of vegetation growth and natural recovery. Such conditions render Baros an appropriate site to assess the sustainability of mangrove wildlife and guide the adaptive management practices (Fig. 1). 
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Fig. 1. Map of the Study Area

2.2. Materials and Equipment

Vegetation sampling and environment measurements were done with standard field equipment (measuring tapes, plot makers, and tools to measure tree diameter and tree height). The local management documents and other related scientific literature on mangrove ecosystem management were used to support information. 

2.3. Research Methods
The research used mixed methods approach, which is the combination of quantitative and qualitative approaches. The choice of this approach is determined by the desire to gain a deeper picture because it will enable combining numerical field data with the profound information obtained as a result of interviews and observations (Nasution, Risnita, Jailani, & Junaidi, 2024; Parjaman & Akhmad, 2019).
The ecological design used was an observational ecological design to determine the structure of mangrove vegetation. Quadrat transect method was used to collect vegetation data in three observation stations. At each station, plots were established to represent three growth strata: trees (10 m × 10 m), saplings (5 m × 5 m), and seedlings (2 m × 2 m). (Setyawati, Damsir, Febriati, & Lamdo, 2023). 
In every plot, species were observed and the number of individuals counted. Mature individuals were measured in diameter at breast height (DBH) and tree height to identify the characteristics of the structure. Secondary sources were used to summarize official reports and past studies to supplement observations in the field. 
The characterization of the vegetation was done by the calculation of some of the ecological indices as follows:
2.3.1. Shannon–Wiener Diversity Index (H′)

Where: 
H′ is the diversity index; s is the total number of species; Pᵢ is the proportion of individuals of the i-th species relative to the total number of individuals (Pᵢ = nᵢ/N); nᵢ is the number of individuals of species i; N is the total number of individuals of all species; and ln denotes the natural logarithm. 
Based on the Shannon–Wiener index, species diversity is classified as follows (Nuraina et al., 2018): 
· H’ < 1: low species diversity
· 1 ≤ H’ ≤ 3: moderate species diversity 
· H’ > 3: high species diversity

2.3.2. Evenness Index (E)

Where: 
E is the evenness index, H′ is the Shannon–Wiener diversity index, and S is the number of species. 
The evenness index is classified as follows
· 0 < E ≤ 0,3: low species evenness
· 0,3 < E ≤ 0,6: moderate species evenness 
· 0,6 < E ≤ 1: high species evenness (Mandagi et al., 2024)

2.3.3. Margalef Species Richness Index (R)

Where: 
N is the total number of observed individuals, S is the number of species, and ln denotes the natural logarithm. 
The Margalef species richness index is categorized as follows: 
· R ≤ 3,5: low species richness 
· 3,5 < R < 5: moderate species richness 
· R ≥ 5: high species richness (Anjani, Umam, & Anhar, 2022)

2.3.4. Basal Area (BA)


Keterangan: 
· π = 3.1416 
· DBH = diameter at breast height of species i 
· A = total sampled area.

DBH was calculated as DBH = CBH / π (in cm), where CBH is the circumference of the tree measured at breast height (Mandagi et al., 2024)
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3.1. Index of Mangrove Species Diversity
Shannon-Wiener diversity index (H’), was used to determine mangrove species diversity, as it used both the richness and the distribution of individuals in the community (Rofi’i, Poedjirahajoe, & Marsono, 2022). This index is broadly used to assess of the vegetation stability and ecological state. The results demonstrate that there was no significant difference in diversity of mangrove vegetation between low and moderate level of the strata in Baros region. Overall, the mangrove community on Baros can be characterized as the one with low diversity as a few species were distinguished (Fig. 2).


Fig. 2. Mangrove Diversity Index at Baros

According to Anjani et al. (2022), he Shannon Wiener index (H’has three values, such as low (H’ < 1), moderate (1 ≤ H’ ≤ 3), and high (H’ > 3). In general, the diversity of mangroves in the Baros ecosystem was low to moderate among stations and growth strata (Fig. 2), which indicates that the community was simplified by only a few species. The strongest tree-level diversity was at station 2 (H’ = 1.10), which was moderate and at station 1 (H’ = 0.77) and 3 (H’ = 0.31) the diversity was low. The fact that the value is relatively higher at station 2 was aligned to the more species composition such as Sonneratia alba, Hibiscus tiliaceus, Avicennia marina, Terminalia catappa, and Rhizophora apiculata. Stations 3 on the other hand had lower species, and therefore more heterogeneity was achieved.
Sapling diversity was also low at all stations (H’ = 0.20 – 0.47), limited regeneration at this stage may be associated with environmental constraints such as waste accumulation and strong wind exposure, which can inhibit seedling establishment and survival (Harbi et al., 2024). The seedling diversity was also present at only station 2 (H’ = 0.67) at which the seedlings did not emerge or were represented by just one species. This trend implies a limited natural regeneration and monoculture planting (Djamaluddin et al., 2023; Wulandari, Marwadani, Salsabila, Santoso, & Azis, 2024). 
Collectively, these findings indicate that the Baros mangrove community is under ecological stress. Low diversity and uneven species distribution reduce ecosystem resilience and may limit the system’s capacity to recover from disturbance. Comparable trends have been reported in other degraded mangrove habitats, where environmental pressure favours only a small number of tolerant species. This observation is similar to Nainggolan et al., (2024) who found out that the only species that survive or even flourishes under environmental stress are those with high adaptive capacity. However, a general decrease in biodiversity is a severe issue, as it may affect the stability and resilience of the ecosystem. These circumstances underscore the need to take conservation efforts in order to protect and repair ecological balance.
Differences in species composition were apparent as compared to the earlier studies. The study by Rahmadhani et al., (2021) also evidenced the presence of Avicennia lanata in the area but the species was no longer present in the study by Velati et al., (2024). This implies that A. lanata could have gone through a significant reduction or extinction in the area as a result of continuous environmental stress.

3.2. Simpson’s Dominance Index (C)
Species dominance was further evaluated using Simpson’s dominance index (C) where higher values indicate increasing control of the community by one or a few species (Fig. 3) (Wahyuningsih et al., 2019). The index scores are between 0 and 1 with higher scores suggesting that a particular species dominates and low scores indicating a more balanced distribution of the individuals among the species (Mandagi et al., 2024).


Fig. 3. The Dominance Index of Mangroves of Baros by Simpson

At the tree stratum, the highest dominance occurred a station 3 (C = 0.86), indicating strong prevalence of Avicennia marina. Such concentration of individuals within a single species generally reflects environmental stress and reduced community stability (Diniyatushoaliha, Al Idrus, & Bahri, 2024). Stations 1 and 2 showed moderate dominance values (0.58 and (0.43) suggesting a comparatively more balanced structure. Dominance was consistently high across all stations at the sapling level (C = 0.71–0.91), largely driven by Rhizophora apiculata. This uniformity points to limited species recruitment and suggests that regeneration is heavily dependent on a single taxon (Agustini, Sugara, & Bahri, 2023). At the seedling stage, Station 3 exhibited complete dominance (C = 1.00), confirming the presence of only one species and therefore extremely low diversity.
Overall, it can be seen that vegetation dominance of Stations 2 and 3, namely, sapling and seedling levels, indicate that there are leanings to monoculture. More vulnerable to any environmental disruption (disease outbreaks, salinity fluctuations, or coastal abrasion) are communities that are founded on the high dependence of a single species (Irwansah, Usman, Muttaqin, & Mahariyanti, 2024). Conversely, the Station 1 was more balanced and less dominant and suggested a rather stable condition of ecological stability. This is comparable to such findings as Mandagi et al., (2024) who have indicated that a high degree of dominance is closely related to low diversity levels and low resistance of an ecosystem to external perturbation.

3.3. Evenness Index of Mangrove Species (E)
The evenness (E) was obtained to estimate the homogeneity of the distribution of individuals within a community regarding species (Fig. 4) (Anjani et al., 2022). Values approaching 1 indicate a more balanced structure, whereas lower values reflect disproportionate dominance by one or a few species (Wojcik et al., 2025).


Fig. 4. Mangrove Species Evenness Index Baros

At the tree stratum, Station 2 exhibited the highest evenness (E = 0.68), followed by Station 1 (E = 0.55), while Station 3 showed markedly lower evenness (E = 0.28). This pattern suggests that tree species were more evenly distributed at Station 2, whereas Station 3 was dominated by a limited number of taxa. More even communities are generally considered ecologically stable, as no single species disproportionately controls available resources (Sirait, Rahmatia, & Pattulloh, 2018). 
Another trend was noted on the sapling level. Evenness (E) had the highest value at Station 3 and the lowest at Station 2 (E = 0.68 and E = 0.29, respectively), which demonstrates that the people were concentrated in one dominant species, mainly Rhizophora apiculata. The given uneven regeneration could be the response to the environmental stressors, such as waste deposition and abrasion along the coasts, which selectively limit the occurrence of less tolerant species (Fatmalah, Sa’adah, & Wijaya, 2023).
High evenness was only noted at Station 2 (E = 0.97), whereby two species were found and their abundance was relatively similar. Conversely, zero evenness because of the absence or presence of a single species at Stations 1 and 3, indicated low recruitment and natural regeneration. Low uniformity situations are capable of undermining vegetation regeneration since it is dependent on a single plant species (Mandagi et al., 2024). 
Comprehensively, the evenness patterns are in support of both the diversity and dominance analyses, that a number of areas of the Baros ecosystem are typified by structurally imbalanced communities and dependence on few species. These conditions might decrease ecological stability and sustainability. 

3.4. Mangrove Species Richness Index (R)
Figure 5 demonstrates index of species richness, which defines the condition of vegetation diversity in a community basing on the number of species in a community (Anjani et al., 2022). Overall, there was low richness in the Baros ecosystem, as the ecosystem had a low species composition. 


Fig. 5 Mangrove Species Richness Index in Baros

On the tree level, Station 2 was the richest one (R = 1.10), having five species, i.e. Sonneratia alba, Hibiscus tiliaceus, Avicennia marina, Terminalia catappa, and Rhizophora apiculata. In comparison, Station 3 was beneficial only to three species and therefore was less rich (R = 0.50). These findings reveal that there is more heterogeneity in the habitat and complexity in the vegetation at Station 2. 
The values of richness during sapling stage were also low with a relative uniformity in the values among stations (R = 0.30-0.36) and this indicated limited recruitment across the study area. The environmental forces that would interfere with the establishment of various plants in a juvenile environment may include abrasion, sediment instability, and waste deposition (Calderisi, Cogoni, & Fenu, 2024). Seedling richness was recorded only at Station 2 (R = 0.31). The seedling richness was observed only at Station 2 (R = 0.31), and the fact that one of the species did not appear at the other stations support poor natural regeneration even further. This type of limited recruitment implies that the ecosystem is a specialized ecosystem dependent on a few species.
Combined with the invariable low richness of all strata, there is evidence of a simplified mangrove community (Khairunnisa, Pamoengkas, & Hartoyo, 2024; Vieira, Rodrigues, & Dias, 2024). Rehabilitation procedures, which mostly benefit one species (Rhizophora apiculata), may also be a contributing factor to this situation, and continued stressor conditions on the environment. Comparison to the previous researches also shows a change in the composition of species through time implying ecological degradation over time in the Baros mangrove system.
Comparing it to the research by Rahmadhani et al., (2021), the differences in the vegetation composition could be observed. The same study indicated that Avicennia lanata was present in Station 3 but this was not observed in the current study. This difference indicates a variation in the vegetation composition over the last few years and may possibly be as a result of persistent environmental influences as well as due to the prevalence of species that have been introduced due to the rehabilitation programs.

3.5. Discussion 
This paper gives a thorough evaluation of mangrove vegetation structure of the Baros ecosystem based on various ecological parameters such as diversity, dominance, evenness and richness. When combined, these metrics are all indicative that mangrove community is typified by a low diversity, low species richness, and high dominance by few taxa. The existence of such a pattern is indicative of a simplified community structure and is indicative of an ecosystem that is undergoing ecological stress.
Shannon-Wiener index showed a generally low to moderate level of diversity in all the stations and all the growth strata with only station 2 attaining a moderate category at the tree level. When diversity is low it is often an indication of limited species composition and functional redundancy which can lead to a lack of ecosystem resilience. Two or three tolerant species are likely to survive in perturbed mangrove systems, and less adaptive taxa are likely to disappear progressively. This trend was recorded in Baros with Rhizophora apiculata and Avicennia marina covering the majority of levels.
This interpretation was also supported by the dominance analysis. The fact that High Simpson has high values of dominance especially in sapling and seedling stages indicate that regeneration relies heavily on one species. The presence of one or two taxa in the community usually makes the community more susceptible to environmental disruptions, such as salinity variations, sedimentation instability, coastal erosion, or disease outbreaks (Irwansah, Usman, Muttaqin, & Mahariyanti, 2024). As a result, this could decrease the recovery capacity of such systems after stress events.
These were supported by evenness and richness indices. There was also the issue of uneven distribution of species and low richness of several stations suggesting that species were concentrated into a few. Natural regeneration is also limited as the number of seedlings is low in most of the sites. Such limited recruitment can be linked to environmental stresses noted in the region such as waste deposition, coastline erosion, hydrodynamic changes and seasonal changes in salinity at the Opak River estuary. Salinity is also considered to be one of the primary factors that control the growth of the mangrove, its distribution, and survival of seedlings because only taxa that are tolerant to salinity can survive in stressful environments. Other estuarine systems have also reported similar relationships between mangrove vegetation structure and salinity (Mariappan, Nivas, Kanmani, & Parthiban, 2016). These stressors may negatively impact propagule establishment and survival, which restrict development of a more diverse assemblage of mangroves (Dafikri, Kamal, & Damanhuri, 2022). 
Interestingly, Station 2 continued to exhibit relatively improved ecological conditions and the level of diversity, richness and evenness was better than the other stations. This implies that local environmental conditions may have a significant role, e.g. substrate stability or minimized disturbance, in facilitating vegetation recovery. The difference between stations highlights the effect of site-condition on the mangrove community structure.
The general trend of the current study is consistent with past studies which have found that in degraded or restored mangrove systems, the diversity is usually low and that the systems are dominated by planted species. Monoculture planting, especially the use of Rhizophora apiculata, is the main principle of rehabilitation programmes that can unintentionally decrease the structural complexity and ecological stability (Avianto, Noviyanto, Sidiq, Hernowo, & Pratama, 2024). Despite the advantages of such strategies in enhancing short-term cover of the canopy, the methods can cause a reduction in long-term ecosystem resilience and biodiversity.
These results, in management terms, point to the necessity of approaching the restoration efforts more informed by ecology. The problem of multi-species planting, enhancing waste management, and reducing coastal abrasion may increase the success of regeneration and lead to more balanced community structure. These are necessary to enhance stability of the ecosystem and long-term sustainability of the Baros mangrove ecosystem.

4. Conclusion
The ecological analysis of the Baros mangrove ecosystem shows that vegetation community has low diversity, low species richness and high dominance of few tolerant species, especially Rhizophora apiculata and Avicennia marina. Such structural patterns denote a simplified and imbalanced ecosystem that has a lower level of resilience and low natural regeneration, which implies that the region is under long-term environmental pressure. Differences between stations also point out the impact of local circumstances on the recovery and stability of vegetation.
Conservation and rehabilitation tasks should focus on multi-species planting, waste management, and coastal abrasion mitigation to increase the long-term sustainability. It is necessary to adopt more diverse and ecosystem-based approaches to restoring and enhance the complexity of the community, facilitate regeneration, and make Baros mangrove ecosystem more resilient in the future.
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Definitions: 
Species Diversity
A measure describing the variety of species within a community, considering both species richness and the relative abundance of each species.
Dominance Index
A metric indicating the extent to which one or a few species dominate a community, commonly calculated using the Simpson index.
Evenness Index
A measure of how evenly individuals are distributed among species within a community.
Species Richness
The total number of different species present in a community or a defined area.
H′ (Shannon–Wiener Diversity Index)
An index used to quantify species diversity based on the relative abundance of each species.
D (Simpson Dominance Index)
An index used to assess species dominance within a community.
E (Pielou’s Evenness Index)
An index used to evaluate the evenness of individual distribution among species.
S (Species Richness)
The total number of species recorded in a community.
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