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ABSTRACT 
	Sea urchins are ecologically important benthic herbivores that influence community structure in tropical coastal ecosystems, yet baseline information on their assemblages remains limited in many parts of the Philippines. This study assessed the community structure, size structure and spatial distribution of sea urchins in the north-eastern coastal areas of Tablas Island, Romblon, Philippines. Sampling was conducted across 12 coastal stations in the municipality of San Agustin using 100-m belt transects covering 500 m² per station. A total of 442 individuals representing six species from four families were recorded. Tripneustes gratilla was the most abundant and most widely distributed species, occurring at all sampling sites, while Echinothrix calamaris was restricted to Long Beach. Species richness ranged from 2 to 6 species per station. Long Beach showed the highest diversity (H′ = 1.53) and the lowest dominance, whereas Poblacion exhibited the highest dominance (D = 0.64). Evenness was generally high in several stations, reaching 0.99 in Cawayan, Sugod, Doña Juana, Lusong, and Hinugusan. Mean test diameter ranged from 31.43 mm in Diadema setosum to 64.16 mm in E. calamaris, while the relatively small mean size of T. gratilla (40.48 mm) suggests possible size-selective harvesting pressure. Overall, the north-eastern coast of Tablas Island supports a moderately diverse but potentially sensitive to exploitation sea urchin assemblage, highlighting the need for continued monitoring and site-based conservation and fisheries management measures.
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1. INTRODUCTION (Arial, Bold, 11 font, left aligned, caps)

Sea urchins are among the most ecologically important benthic macroinvertebrates in shallow tropical marine ecosystems because they regulate algal growth, influence benthic community structure, and interact closely with both seagrass beds and coral reefs (Andrew et al., 2002; Eklöf et al., 2008). In coral reef systems, their grazing activity can help maintain open substrate for coral settlement, and recent evidence from Taiwan showed that diadematid sea urchin density was a significant positive predictor of juvenile coral density, highlighting the growing importance of sea urchins in reef resilience in areas where other herbivores have declined (Dang et al., 2020). At the same time, sea urchins are economically important fishery resources in many tropical coastal areas, including the Philippines, where some species are harvested for their gonads and contribute to livelihoods in coastal communities (Andrew et al., 2002; Meñez, 2016). Because of this dual ecological and economic role, understanding sea urchin communities is essential for both biodiversity conservation and fisheries management (Andrew et al., 2002; Meñez, 2016).
The structure of sea urchin assemblages is strongly influenced by habitat condition, substrate type, food availability, hydrodynamics, and the presence of associated vegetation such as seagrasses (Eklöf et al., 2008; Tuapattinaja et al., 2014). A review of sea urchin overgrazing in seagrass ecosystems emphasized that sea urchin abundance and post-settlement distribution are shaped by variable recruitment, predation, competition, food availability, and landscape structure, making local density and distribution assessments necessary for site-specific management (Eklöf et al., 2008). Studies in tropical coastal habitats also show that community composition differs between vegetated and non-vegetated areas, with seagrass habitats generally supporting higher species richness, higher evenness, and more stable echinoderm assemblages than bare substrates (Tuapattinaja et al., 2014). In Timor Island, Tripneustes gratilla was reported mainly from seagrass beds with sandy–muddy substrates, indicating a strong association between this species and productive shallow-water environments (Nomleni et al., 2020). Likewise, a Philippine intertidal survey in Agusan del Norte found that echinoderm occurrence and distribution were linked to environmental quality and to the availability of seagrass and coral cover, which provide both food and shelter (Walag et al., 2018). Recent field studies have shown that sea urchin and broader echinoderm assemblages vary among coral and subtidal habitats, while spatially replicated surveys using abundance and diversity indices provide a practical basis for local ecological assessment (Yiu & Chung, 2024; Trisna et al., 2024). Observations of Tripneustes gratilla and Echinometra mathaei at Ningaloo Reef further demonstrate that abundance and movement patterns are important for interpreting their influence on benthic community structure (Bessey et al., 2025). At a global scale, sea urchin diversity exhibits marked spatial heterogeneity, and substantial sampling gaps remain in the Coral Triangle, supporting the need for additional georeferenced local surveys (He et al., 2026).
The Philippines is recognized as an important centre of sea urchin diversity in the Indo-Pacific region (Mooi & Munguia, 2014). A comprehensive account of Philippine echinoids documented 210 verifiably recorded species from the country and considered this estimate conservative because several species remain undescribed or under taxonomic study (Mooi & Munguia, 2014). Additional biodiversity work from the Hearst Philippine Biodiversity Expedition further demonstrated the richness of the country’s marine echinoid fauna, including the discovery of new sea urchin species from deep-sea sampling (Williams & Gosliner, 2014). This high national diversity, however, does not eliminate the need for local ecological assessments because sea urchin communities can vary greatly across islands, habitats, and levels of human disturbance (Eklöf et al., 2008; Walag et al., 2018). Local-scale studies are particularly important in archipelagic settings such as the Philippines, where habitat heterogeneity and uneven fishing pressure may create different patterns of dominance, evenness, recruitment, and spatial distribution among sites (Andrew et al., 2002; Casilagan et al., 2013).
Several Philippine studies have demonstrated that sea urchin assemblages and populations differ substantially among localities. In Bato-Bato, Sulu, five species of sea urchins were recorded across seagrass beds, coralline reef areas, sandy substrates, and coral rubble zones, with T. gratilla comprising the largest proportion of the population (Sailadjan et al., 2026). Studies on T. gratilla in the Philippines have also examined its population biology and genetic structure, reflecting the importance of this species both ecologically and economically as an exploited resource (Regalado et al., 2010; Casilagan et al., 2013). Genetic analysis of exploited Philippine populations showed high genetic diversity and provided evidence relevant to understanding connectivity and historical demography, which are important for interpreting local population patterns and management potential (Casilagan et al., 2013). These findings indicate that sea urchin populations in the country should not be treated as uniform, but instead should be assessed at the scale of particular habitats and coastal areas where ecological and anthropogenic conditions may differ (Casilagan et al., 2013; Sailadjan et al., 2026).
Environmental degradation further strengthens the need for baseline ecological studies. In eutrophic seagrass beds affected by fish farming, adult T. gratilla showed reduced feeding structures, lower gut and gonad indices, and poorer gonad quality than individuals from less-impacted stations, suggesting that habitat stress can directly reduce reproductive potential and population quality (Bangi & Juinio-Meñez, 2023). Such evidence shows that abundance alone may not fully capture the condition of sea urchin populations, and that population structure and size distribution are also important descriptors of ecological status (Bangi & Juinio-Meñez, 2023). On Tablas Island, Romblon, an assessment of marine protected areas in Budiong-Odiongan and Bunsuran-Ferrol found that the reefs were in only fair condition and indicated low fish biomass associated with past fishing pressure, while also emphasising the lack of baseline data for long-term monitoring and evaluation (Gonzales & Gonzales, 2014). Despite the marine significance of Tablas Island, detailed information on the community structure and spatial distribution of sea urchins in its north-eastern coastal areas remains limited, creating an important gap in local biodiversity knowledge and coastal management planning (Gonzales & Gonzales, 2014).
In the Romblon archipelago, regional baseline information on the nearshore and coastal habitats adjacent to the present study area has only recently begun to accumulate. Gonzalez et al. (2022) characterized the beach-forest communities of San Agustin, the same municipality where the present sea urchin survey was conducted, and recorded 38 species of beach-forest plants together with five major coastal threats—erosion, garbage accumulation, seawall construction, road widening, and infrastructure development for beach resorts and summer houses along shoreline stretches also used by shallow-water echinoids. Comparable coastal benthic surveys have shown that site-level species composition, Shannon diversity, equitability, and dominance patterns can provide complementary evidence of spatial variation in assemblage structure (Kouakou et al., 2025). However, the available literature does not provide an integrated station-level assessment of species composition, diversity, dominance, evenness, abundance, size structure, and spatial distribution of sea urchins across the north-eastern coastal barangays of San Agustin.
Given the ecological role of sea urchins, their sensitivity to habitat condition, and the absence of sufficient local baseline information for northeastern Tablas Island, a focused community assessment is both timely and necessary (Eklöf et al., 2008; Gonzales & Gonzales, 2014). Determining species composition, diversity, dominance, evenness, population structure, size structure, and spatial distribution can provide a clearer picture of how sea urchin assemblages are organised across coastal habitats and can serve as a basis for future monitoring and management interventions (Tuapattinaja et al., 2014; Sailadjan et al., 2026). Thus, this study aims to determine the species composition; diversity, dominance, and evenness indices; population and size structures; and spatial distribution of sea urchins in the north-eastern coastal areas of Tablas Island, Romblon, Philippines.

2. MATERIALS AND METHODS 


2.1 Study Area
The study was conducted in the coastal barangays of the Municipality of San Agustin, Romblon, Philippines, in the north-eastern portion of Tablas Island. San Agustin has a total land area of approximately 14,048 ha (140.48 km²) and is bounded by the Municipality of Calatrava to the north, the Municipality of Santa Maria to the south, Romblon Pass to the east, and the Municipality of San Andres to the west (Figure 1). The eastern coastline faces the island municipality of Romblon across Romblon Pass, whereas Tablas Island lies between the Sibuyan Sea and the Visayan Sea.
The municipality comprises 15 barangays: Bachawan, Binongaan, Buli, Cabolutan, Cagboaya, Camantaya, Carmen, Cawayan, Doña Juana, Dubduban, Hinugusan, Long Beach, Lusong, Poblacion, and Sugod. Coastal habitats within these barangays include coral reefs, seagrass beds, rocky shores, and sandy substrates that provide suitable habitats for sea urchins. Sampling was conducted across the coastal barangays to characterise the species composition, diversity, population structure, and spatial distribution of sea urchins throughout the municipality.
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Figure 1. Map of Tablas Island, Romblon, Philippines, indicating the location of the study area along the northeastern coastal barangays of San Agustin.
2.2 Field Survey and Sampling Design
A preliminary reconnaissance survey was conducted prior to field sampling to identify and map sea urchin habitats within the study area and to establish the sampling stations. The geographic coordinates of each station were recorded using a Global Positioning System (GPS) receiver, and permanent sampling locations were marked using recognizable natural landmarks to facilitate site relocation during subsequent surveys.

Sea urchin sampling followed the belt-transect method of English et al. (1997). At each sampling station, a 100-m transect line was laid parallel to the shoreline within the intertidal or shallow subtidal zone, depending on local habitat characteristics. Two trained observers surveyed both sides of the transect, each covering a belt 2.5 m wide, for a total sampled area of 500 m² (100 m × 5 m) per transect.

All sea urchins encountered within the transect were identified to species level and counted to determine species composition, abundance, and spatial distribution among sampling stations. The test diameter of each individual was measured in situ to the nearest 1 mm using a digital caliper to assess population size structure. Measurements were taken with minimal handling, and individuals were returned to their original positions immediately after processing.
2.3 Species Identification and Morphometric Measurements
Sea urchins were identified to species level on the basis of external morphological characters, including test shape, spine morphology and colouration, arrangement of ambulacral and interambulacral plates, tuberculation, and apical system structure. Additional morphometric measurements, including test diameter, test height, and spine length, were obtained using digital calipers (instrument resolution ±0.01 mm) to support taxonomic identification.

Species identification followed the taxonomic keys and descriptions of Clark and Rowe (1971), Schultz (2015), and the World Echinoidea Database (Kroh & Mooi, 2020). Scientific names and higher taxonomic classifications were verified using the World Register of Marine Species (WoRMS) to ensure nomenclatural consistency. Representative voucher specimens of all identified species were deposited in the RSU–San Agustin Biological Repository for future reference and verification.
2.4 Data Analysis
2.4.1 Species composition, abundance, and relative frequency
A species checklist was prepared for each sampling site on the basis of the sea urchin species recorded during the field survey. Species abundance was determined by counting the number of individuals of each species within each transect. These data were used to assess species composition, relative abundance, dominance, and the spatial distribution of sea urchins across all sampling sites.
The relative frequency (RF) of each sea urchin species was calculated to describe its occurrence relative to all recorded species using the following equation:

RF = (F / TF) × 100

where F is the frequency of occurrence of a given sea urchin species and TF is the total frequency of occurrence of all recorded sea urchin species.
2.4.2 Population size structure
Population size structure was evaluated using test-diameter measurements. Individuals were categorised into three size classes following Prado et al. (2012) and Juinio-Meñez et al. (2008): young (1–3 cm), subadult (4–5 cm), and adult (≥6 cm). For each species and sampling site, the mean, standard deviation, and range of test diameter were calculated to describe variation in body size. Size-frequency distributions were summarised in tables and graphical plots to facilitate comparisons among sites.
2.4.3 Diversity, dominance, and evenness indices
Species diversity was evaluated using standard ecological indices. Simpson’s dominance index (C) was used to estimate species dominance, the Shannon–Wiener diversity index (H′) was used to quantify species diversity, and Pielou’s evenness index (J′) was used to assess the distribution of individuals among species (Odum, 1977). All indices were computed from the abundance of sea urchin species recorded in each transect.
The formulas used were as follows:

Simpson’s Dominance Index (C):

C = Σ (nᵢ / N)²,  i = 1 to S

where nᵢ is the number of individuals of the i-th species, N is the total number of individuals of all species, and S is the total number of species. Values of C range from 0 to 1, with values approaching 1 indicating high species dominance (low diversity) and values approaching 0 indicating low dominance (high diversity).

Shannon–Wiener Diversity Index (H′):

H′ = -Σ pᵢ ln(pᵢ),  i = 1 to S

where pᵢ is the proportion of individuals belonging to the i-th species and is calculated as pᵢ = nᵢ/N; nᵢ is the number of individuals of the i-th species; N is the total number of individuals of all recorded species; S is the total number of species; and ln denotes the natural logarithm.

Pielou’s Evenness Index (J′):

J′ = H′ / ln(S)

where J′ is Pielou’s evenness index, H′ is the Shannon–Wiener diversity index, and S is the total number of species recorded. The index ranges from 0 to 1, with values approaching 1 indicating that individuals are distributed more evenly among species, whereas values closer to 0 indicate that a few species dominate the community.


3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Species Composition

Six species of sea urchins belonging to four families were recorded across the 12 sampling sites in the north-eastern coastal areas of Tablas Island, Romblon, Philippines. The families and their representative species were as follows: Diadematidae (Diadema setosum [Leske, 1778] and Echinothrix calamaris [Pallas, 1774]), Echinometridae (Echinometra mathaei [Blainville, 1825]), Toxopneustidae (Toxopneustes pileolus [Lamarck, 1816] and Tripneustes gratilla [Linnaeus, 1758]), and Temnopleuridae (Salmacis belli [Döderlein, 1884]). Spine colouration in T. gratilla was observed to vary among individuals across sites, with both recorded colour forms present during the survey (Plate 1).
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Plate 1. Diadema setosum 2. Echinothrix calamaris 3. Echinoimetra mathaei 4. Echinometra mathaei 5. Toxopnuestes pileolus 6. Salmacis belli 7. Tripnuestes gratilla 8. Tripnuestes gratilla
4.1.2 Diversity, Evenness, and Dominance Indices
The diversity assessment of sea urchins across the sampling sites showed clear variation in species richness, diversity, evenness, and dominance among stations (Table 1). Species richness ranged from 2 to 6 species, with Long Beach recording the highest richness (S = 6), indicating the greatest number of species present among all sites. In contrast, Cabolutan had the lowest richness (S = 2), suggesting a more limited species composition. Most of the other sampling sites, including Cawayan, Sugod, Carmen, Dubduban, Doña Juana, Lusong, and Hinugusan, recorded three species, while Cagboaya, Poblacion, and Binongaan each had four species.
In terms of diversity, Long Beach also exhibited the highest Shannon–Wiener diversity index (H′ = 1.53), indicating the most diverse sea urchin assemblage among the surveyed locations. Relatively high diversity values were also observed in Sugod, Doña Juana, Lusong, and Hinugusan (all H′ = 1.09), as well as in Cawayan (H′ = 1.08). The lowest diversity was recorded for the pooled sites (H′ = 0.24), followed by Cabolutan (H′ = 0.74) and Poblacion (H′ = 0.86). These lower values indicate less diverse communities, possibly due to the stronger influence of only a few species.
The Pielou’s evenness index further showed that the distribution of individuals among species was generally more balanced in several stations. The highest evenness values were observed in Cawayan, Sugod, Doña Juana, Lusong, and Hinugusan (all J′ = 0.99), suggesting that individuals were distributed almost equally among the species present. Carmen also had a relatively high evenness value (J′ = 0.96). In contrast, Cabolutan had the lowest evenness among the individual sites (J′ = 0.67), indicating a less uniform distribution of individuals. The pooled value was the lowest overall (J′ = 0.22), suggesting that, when pooled together, the sea urchin community was highly uneven.
Simpson’s dominance index revealed that dominance was highest in Poblacion (D = 0.64) and Doña Juana (D = 0.63), implying that one or a few species strongly dominated these areas. A relatively high dominance was also recorded in Cabolutan (D = 0.53). In contrast, Long Beach showed the lowest dominance (D = 0.24), followed by Dubduban (D = 0.27) and Binongaan (D = 0.31), indicating a more balanced community structure in these sites. Most of the remaining stations had similar dominance values of approximately 0.33–0.34.
The results indicate that Long Beach supported the most diverse and least dominated sea urchin community, while Cabolutan and Poblacion showed lower diversity and higher dominance, reflecting less balanced species assemblages. The high evenness values in several stations suggest that, despite relatively low species richness in some areas, individuals were often fairly evenly distributed among the species present.


Table 1. Species richness, Shannon’s diversity index, Pielou’s evenness index, and Simpson’s dominance index of sea urchin communities across sampling sites
	Location
	Species richness (S)
	Total individuals (Σ)
	Shannon’s Diversity Index (H’)
	Pielou’s Evenness Index (J’)
	Simpson’s Dominance Index (1/D)

	Cawayan
	3
	22
	1.08
	0.99
	0.34

	Long Beach
	6
	97
	1.53
	0.85
	0.24

	Sugod
	3
	27
	1.09
	0.99
	0.34

	Carmen
	3
	33
	1.05
	0.96
	0.34

	Cabolutan
	2
	13
	0.74
	0.67
	0.53

	Cagboaya
	4
	53
	0.90
	0.82
	0.34

	Poblacion
	4
	58
	0.86
	0.78
	0.64

	Dubduban
	3
	15
	0.90
	0.82
	0.27

	Doña Juana
	3
	24
	1.09
	0.99
	0.63

	Binongaan
	4
	47
	0.94
	0.86
	0.31

	Lusong
	3
	27
	1.09
	0.99
	0.34

	Hinugusan
	3
	26
	1.09
	0.99
	0.33

	Pooled (n = 12 sites)
	6
	442
	0.24
	0.22
	0.27



4.1.3 Abundance, Density, and Spatial Distribution
A total of 442 individuals were recorded across the 12 sampling sites. The most abundant species across the study area was Tripneustes gratilla, present at all sites; Diadema setosum was the second most widespread species and was present at 11 of 12 sites, absent only from Poblacion (Figure 2). Long Beach supported the highest count of individuals (n = 97), followed by Poblacion (n = 58), Cagboaya (n = 53), and Binongaan (n = 47), while Cabolutan recorded the fewest individuals (n = 13). The site-level composition varied considerably: at Long Beach, all six species were co-recorded in the same habitat, whereas at Cabolutan only D. setosum and T. gratilla were found. Echinothrix calamaris was a single-site specialist, recorded only at Long Beach (Figure 2). 

Sea urchin density varied considerably among the 12 sampling sites, indicating spatial differences in species distribution and abundance. Among all locations, Long Beach recorded the highest overall sea urchin density and was the only site where all six species were observed. This site was mainly characterized by high densities of D. setosum (113 ind. ha⁻¹), E. mathaei (83 ind. ha⁻¹), E. calamaris (50 ind. ha⁻¹), and T. gratilla (53 ind. ha⁻¹). In contrast, Cabolutan showed the lowest overall density, with only D. setosum (27 ind. ha⁻¹) and T. gratilla (17 ind. ha⁻¹) recorded, suggesting a relatively poor sea urchin assemblage at this station (Figure 2).
Among the species, T. gratilla exhibited the highest single-site density, reaching 143 ind. ha⁻¹ in Poblacion, making it the most dominant species in that area. This species was also relatively abundant in Long Beach (53 ind. ha⁻¹), Lusong (33 ind. ha⁻¹), Binonga-an (30 ind. ha⁻¹), and Hinugusan (30 ind. ha⁻¹). Meanwhile, D. setosum was widely distributed across the study sites and was particularly abundant in Long Beach (113 ind. ha⁻¹), Doña Juana (50 ind. ha⁻¹), and both Cagbo-aya and Binonga-an (47 ind. ha⁻¹ each), indicating its broad ecological tolerance and importance in the surveyed coastal habitats (Figure 2).
Echinometra mathaei was likewise common in several sites and showed notably high densities in Cagbo-aya (93 ind. ha⁻¹), Binonga-an (67 ind. ha⁻¹), Carmen (50 ind. ha⁻¹), and Long Beach (83 ind. ha⁻¹). In contrast, E. calamaris was highly restricted, being recorded only in Long Beach at 50 ind. ha⁻¹. The occurrence of T. pileolus was also limited, appearing only in Long Beach (7 ind. ha⁻¹), Poblacion (10 ind. ha⁻¹), and Doña Juana (13 ind. ha⁻¹). Similarly, Salmacis belli showed a patchy distribution and was observed only in Long Beach (17 ind. ha⁻¹), Carmen (7 ind. ha⁻¹), Cagbo-aya (10 ind. ha⁻¹), Poblacion (30 ind. ha⁻¹), and Binonga-an (13 ind. ha⁻¹; Figure 2).
The results indicate that Long Beach, Poblacion, Cagbo-aya, and Binonga-an supported relatively high sea urchin densities compared with the other sampling sites. The results also show that while some species such as D. setosum, E. mathaei, and T. gratilla were widely distributed and numerically dominant, others such as E. calamaris and T. pileolus were more restricted in occurrence. These patterns suggest variation in habitat suitability and local environmental conditions across the study area, which may have influenced the composition and abundance of sea urchin species (Figure 2).


Figure 2. Spatial variation in the density of sea urchin species across the sampling sites, expressed as individuals per hectare (ind. ha⁻¹).


4.1.4 Size Structure
Test-diameter measurements (in mm) showed distinct size ranges among species and revealed inter-site variation within species.
For Diadema setosum, observed test diameters ranged from 13.5–34.1 mm at Cawayan, 31.5–67.8 mm at Long Beach, 15.2–32.8 mm at Sugod, 14.6–37.8 mm at Carmen, 17.3–29.7 mm at Cabolutan, 32.5–38.5 mm at Cagboaya, 12.8–24.5 mm at Dubduban, 17.8–32.8 mm at Doña Juana, 25.9–42.8 mm at Lusong, and 26.5–54.7 mm at Hinugusan. The smallest individual of D. setosum was recorded at Dubduban and the largest at Cagboaya, giving a species mean test diameter of 31.43 mm. The consistently small mean for D. setosum is consistent with reduced commercial gleaning pressure, attributable to its long, venomous spines that discourage handling by fishers.
Tripneustes gratilla, the most economically valuable species in the area, had test diameters ranging from 21.5–48.9 mm at Cawayan, 26.7–62.4 mm at Long Beach, 24.5–38.9 mm at Sugod, 16.9–62.4 mm at Carmen, 37.8–48.1 mm at Cabolutan, 20.6–49.1 mm at Poblacion, 23.4–29.5 mm at Cagboaya, 35.6–54.1 mm at Dubduban, 32.8–69.9 mm at Doña Juana, 32.9–54.1 mm at Binongaan, 37.2–64.8 mm at Lusong, and 17.6–49.1 mm at Hinugusan. The smallest T. gratilla individual was recorded at Carmen and the largest at Cabolutan, giving a species mean of 40.48 mm.
For Echinometra mathaei, test diameters ranged from 30.2–45.3 mm at Cawayan, 29.5–55.6 mm at Long Beach, 21.7–32.98 mm at Sugod, 32.4–54.6 mm at Carmen, 17.3–31.79 mm at Cagboaya, 42.3–52.8 mm at Poblacion, 28.9–45.6 mm at Dubduban, 29.1–58.9 mm at Binongaan, 41.7–70.5 mm at Lusong, and 29.3–67.3 mm at Hinugusan. The smallest E. mathaei individual was observed at Cagboaya and the largest at Poblacion, with a species mean of 42.01 mm.
Test diameters of Salmacis belli ranged from 33.4–64.1 mm at Long Beach, 21.3–55.6 mm at Carmen, 34.5–42.3 mm at Cagboaya, 24.1–49.5 mm at Poblacion, and 33.9–57.8 mm at Binongaan. The smallest S. belli individual was recorded at Carmen and the largest at Cagboaya, giving a species mean of 42.33 mm.
Toxopneustes pileolus was the least frequently recorded species with test diameters ranging from 67.8–70.5 mm at Long Beach, 27.8–38.9 mm at Poblacion, and 36.7–48.4 mm at Doña Juana. The smallest T. pileolus individual was recorded at Poblacion and the largest at Long Beach, with a species mean of 48.73 mm.
Echinothrix calamaris was observed only at Long Beach, with test diameters ranging from 47.8–76.7 mm and a species mean of 64.16 mm, the largest mean test diameter among the species recorded in the study.

Table 2. Size structure of sea urchins across different sampling sites.

	Site
	Species
	D. setosum
	E. mathaei
	E. calamaris
	T. gratilla
	T. pileolus
	S.
belli

	Cawayan
	Range
	13.5–34.1
	30.20–45.3
	—
	21.5–48.9
	—
	—

	
	Mean
	26.5
	36.9
	—
	35.4
	—
	—

	Long Beach
	Range
	31.50–67.8
	29.5–55.6
	47.8–76.7
	26.7–62.4
	67.8–70.5
	33.4–64.1

	
	Mean
	49
	39.9
	64.2
	42.8
	69.2
	50.3

	Sugod
	Range
	15.2–32.8
	21.7–49.5
	—
	24.5–38.9
	—
	—

	
	Mean
	23.9
	33
	—
	33.7
	—
	—

	Carmen
	Range
	14.6–37.8
	32.4–54.6
	—
	16.9–62.4
	—
	21.3–55.6

	
	Mean
	28.24
	41.64
	—
	36.72
	—
	38.45

	Cabolutan
	Range
	17.3–29.7
	—
	—
	37.8–48.1
	—
	—

	
	Mean
	24.84
	—
	—
	42.2
	—
	—

	Cagboaya
	Range
	32.5–38.5
	17.3–58.9
	—
	23.4–29.5
	—
	34.5–42.3

	
	Mean
	28.5
	31.2
	—
	34.5
	—
	39.5

	Poblacion
	Range
	—
	42.3–52.8
	—
	20.6–49.1
	27.8–38.9
	24.1–49.5

	
	Mean
	—
	49.3
	—
	35.74
	33.6
	37.67

	Dubduban
	Range
	12.8–24.5
	28.9–45.6
	—
	35.6–54.1
	—
	—

	
	Mean
	19.04
	38
	—
	44.73
	—
	—

	Doña Juana
	Range
	17.8–32.8
	—
	—
	32.8–69.9
	36.7–48.4
	—

	
	Mean
	25.81
	—
	—
	51.66
	43.43
	—

	Binongaan
	Mean
	24.5–58.9
	29.1–58.9
	—
	32.9–54.1
	—
	33.9–57.8

	
	Range
	46.91
	45.71
	—
	44.65
	—
	45.7

	Lusong
	Range
	25.9–42.8
	41.70–70.5
	—
	37.4–64.8
	—
	—

	
	Mean
	32.78
	56.18
	—
	52.76
	—
	—

	Hinugusan
	Mean
	26.5–54.7
	29.3–67.3
	—
	17.6–49.1
	—
	—

	
	Range
	40.27
	47.79
	—
	34.23
	—
	—



4.2 Discussion
The present study documented six sea urchin species distributed across four families (Diadema setosum, Echinothrix calamaris, Echinometra mathaei, Toxopneustes pileolus, Tripneustes gratilla, and Salmacis belli) at 12 sampling sites along the north-eastern coast of Tablas Island, Romblon, Philippines. The recorded assemblage, with a total abundance of 442 individuals, a maximum site-level Shannon–Wiener diversity of H′ = 1.53, high evenness at several sites (J′ = 0.99), and a dominance pattern strongly influenced by T. gratilla, is broadly consistent with patterns reported across the wider Indo-Pacific and the Coral Triangle (Mooi & Munguia, 2014; Coppard et al., 2021; Vimono et al., 2025). Below, we contextualise these findings against the current state of echinoid ecology, examining species composition, spatial heterogeneity, size structure, and their implications for coastal management in data-poor Philippine seascapes.
4.2.1 Species composition and biogeographic context
The six species documented in Tablas Island represent a subset of the ≥210 echinoid species currently recognized from the Philippine archipelago, one of the richest echinoid faunas globally (Mooi & Munguia, 2014; Kroh & Mooi, 2020). The composition is consistent with typical shallow-water reef-flat assemblages in the Central Indo-Pacific, dominated by Diadematidae, Echinometridae, Toxopneustidae, and Temnopleuridae (Lawrence, 2013; Coppard et al., 2021; Vimono et al., 2025). Comparable species pools have been reported from Bolinao, Pangasinan (Juinio-Meñez et al., 1998, 2008); Guimaras (Luza & Malay, 2019); Misamis Oriental (Llacuna et al., 2016; Baran, 2013); Bato-Bato, Sulu (Sailadjan et al., 2026); Davao Occidental (Molina et al., 2025); and Cebu (Uy et al., 2001), suggesting that the six-species core of D. setosum, E. calamaris, E. mathaei, T. gratilla, T. pileolus, and S. belli represents a widespread, taxonomically stable community across Philippine reef flats and seagrass meadows.
The species richness recorded in Tablas (S = 6) is modest compared with the 8–12 species reported from more structurally complex reef systems in Sulawesi (Nane, 2019), Raja Ampat (Siburian et al., 2023), and the Red Sea (Bronstein & Loya, 2014) likely reflects the predominantly reef-flat and seagrass character of the north-eastern Tablas coast, where habitat complexity, wave exposure, and reef relief are lower than in fringing- or barrier-reef systems (Cleary et al., 2005; Bronstein & Loya, 2014). Similar values (S = 4–7) have been reported for coastal Singapore (Goh & Lim, 2015; Zhou & Goh, 2025), Peninsular Malaysia (Mok, 2023), Semporna, Borneo (Rahim & Nurhasan, 2016), and Lombok (Gultom, 2025), supporting the view that shallow soft-bottom and reef-flat systems in the Coral Triangle sustain a comparatively depauperate but numerically abundant echinoid community.
The co-occurrence of the two colour morphs of T. gratilla (Plate 1) is ecologically noteworthy. Colour polymorphism in T. gratilla has been reported throughout its Indo-Pacific range (Lawrence & Agatsuma, 2001; Toha et al., 2017) and is now understood to reflect genetic and possibly diet-mediated variation rather than cryptic speciation (Casilagan et al., 2013). Similarly, E. calamaris, observed only at Long Beach, exhibits marked colour variability across the Indo-Pacific and is now recognized as harbouring cryptic lineages within the genus Echinothrix (Coppard et al., 2021). Its highly restricted occurrence in our study aligns with reports that this species preferentially occupies structurally complex reef crevices and deeper reef zones (Coppard et al., 2021; Aulia et al., 2025), habitats that at Tablas Island are essentially confined to Long Beach.
4.2.2 Abundance patterns and the dominance of Tripneustes gratilla
Tripneustes gratilla was the most abundant and most widely distributed species, occurring at all 12 sites and reaching its highest local density of 143 ind. ha⁻¹ in Poblacion. This pattern is characteristic of Indo-Pacific seagrass–reef mosaics, where the species commonly dominates the echinoid biomass (Lawrence & Agatsuma, 2001; Muthiga, 2005; Juinio-Meñez et al., 2008; Toha et al., 2017; Gultom, 2025). The affinity of T. gratilla for shallow seagrass meadows reflects a well-documented dietary and habitat preference: the species feeds preferentially on Thalassia hemprichii, Enhalus acoroides, and associated macroalgae including Sargassum spp. (Klumpp et al., 1993; Vaïtilingon et al., 2003; Juinio-Meñez et al., 2008). At Poblacion and Cagboaya, extensive seagrass beds with dense epiphyte communities likely provide both trophic subsidies and structural refuges that support the observed high densities.
Nevertheless, the densities recorded in Tablas Island (~143 ind. ha⁻¹, or 0.014 ind. m⁻²) are considerably lower than the 0.15–0.30 ind. m⁻² documented in comparatively unexploited seagrass meadows of North Lombok (Gultom, 2025), Davao Occidental (Molina et al., 2025), and pre-collapse Bolinao (Juinio-Meñez et al., 1998, 2008). This is consistent with the well-known pattern of density depression in gleaned or commercially harvested T. gratilla populations (Muthiga, 2005; Nane, 2019; Molina et al., 2025; Sailadjan et al., 2026). In the Philippines, T. gratilla supports a significant subsistence and export fishery for its edible gonads (uni), with the Bolinao fishery having collapsed in 1992 following exploitation levels of E ≈ 0.6–0.7 (Juinio-Meñez et al., 1998; Talaue-McManus & Kesner, 1995). Recent overfishing assessments in Wakatobi (Nane, 2019), Davao Occidental (Molina et al., 2025), and Sulu (Sailadjan et al., 2026) similarly report reduced population densities and truncated size structures, patterns concordant with those observed at Tablas.
Diadema setosum, the second-most widespread species (11 of 12 sites), reached 113 ind. ha⁻¹ at Long Beach. Its ubiquity reflects broad ecological tolerance, elevated fecundity, and effective anti-predator defences conferred by long, venomous spines (Aljahdali & Molla, 2022; Zirler et al., 2023; Coppard et al., 2021). In heavily fished Kenyan reefs, D. setosum and its congener D. savignyi have been shown to become numerically dominant when predatory fish are removed, illustrating the classic top-down release documented by McClanahan and Muthiga (1989) and re-examined by Carreiro-Silva and McClanahan (2001). At Tablas, the persistence of D. setosum across nearly all sites suggests that reef fish predator communities in the region may already be depressed by artisanal fishing, a pattern documented broadly across coastal Philippine seascapes (Nañola et al., 2011; Muallil et al., 2014).
By contrast, E. calamaris, T. pileolus, and S. belli were spatially restricted: E. calamaris only to Long Beach; T. pileolus to Long Beach, Poblacion, and Doña Juana; and S. belli to a subset of sites with rubble–algal substrata. Such restricted occurrence typifies Indo-Pacific echinoid assemblages, where a few habitat generalists co-occur with an assemblage of specialists that require particular microhabitats (Birkeland, 1989; Cleary et al., 2005; Mok, 2023). Toxopneustes pileolus, the ‘flower urchin,’ is a specialist of rubble reef and sandy channel margins between coral heads (Ehlert-Flaskämper et al., 2025) whose venomous globiferous pedicellariae confer strong anti-predator defence but constrain habitat use to areas of moderate current and coarse substrate (Zhang et al., 2001; Ehlert-Flaskämper et al., 2025). Salmacis belli, a temnopleurid distributed throughout the Indo-West Pacific, favours rubble and algal-covered substrata and often uses shell fragments and drift algae as passive cover (Miskelly, 2002; Kroh & Mooi, 2020), a behaviour that may also help explain its patchy detection across Tablas.
4.2.3 Diversity, evenness, and dominance across sites
The community-level Shannon–Wiener index (H′ = 1.53) falls within the ‘moderate diversity’ range typical of Indo-Pacific reef-flat and seagrass echinoid assemblages (H′ = 1.0–2.0; Bronstein & Loya, 2014; Nurcahyo et al., 2024; Aulia et al., 2025; Nane, 2019). Site-scale values, however, spanned a wide gradient—from H′ = 0.74 in Cabolutan (S = 2) to H′ = 1.53 at Long Beach (S = 6)—indicating substantial spatial heterogeneity in habitat quality and assemblage structure over relatively short (<10 km) coastal distances. The high Pielou’s evenness (J′ = 0.99) observed at Cawayan, Sugod, Doña Juana, Lusong, and Hinugusan reflects small, low-abundance communities where individuals are nearly equally distributed among two to three species—an ecological signature commonly reported for reef systems either recovering from disturbance or persisting under chronic low-level extraction (Magurran, 2004; Rahim & Nurhasan, 2016; Llacuna et al., 2016).
The high Simpson dominance recorded at Poblacion (D = 0.64) and Doña Juana (D = 0.63) is driven almost entirely by T. gratilla, while the lowest dominance at Long Beach (D = 0.24) reflects the presence of all six species in comparatively balanced proportions. This dominance–evenness dichotomy is characteristic of seagrass-dominated versus reef-associated microhabitats: T. gratilla typically monopolizes vegetated soft bottoms, whereas coral- and rubble-dominated substrata support a more speciose but less numerically skewed community (Herrera-Escalante et al., 2005; Nurcahyo et al., 2024; Atmaja et al., 2024; Zhou & Goh, 2025). Long Beach therefore recorded the highest local diversity within the study area, warranting priority consideration in any local marine conservation planning (Muallil et al., 2014; Weeks et al., 2010).
4.2.4 Size structure and evidence of fishing pressure
Mean test diameters ranged from 31.43 mm in D. setosum to 64.16 mm in E. calamaris, a pattern that is broadly consistent with the interspecific size hierarchy reported throughout the Indo-Pacific (Lawrence, 2013; Coppard et al., 2021; Mok, 2023). The mean test diameter of T. gratilla at Tablas Island (40.48 mm) is markedly smaller than the population means reported from lightly exploited populations in Kenya (60–75 mm; Muthiga, 2005), unfished reserves in Hawai‘i (>70 mm; Stimson et al., 2007), and pre-collapse Bolinao (>60 mm; Juinio-Meñez et al., 2008). Values below 50 mm—the commonly cited commercial size threshold for gleaning-based fisheries in the Philippines (Talaue-McManus & Kesner, 1995; Juinio-Meñez et al., 2008; Molina et al., 2025)—may indicate size-selective removal of larger individuals. Nane (2019) documented an analogous pattern in Wakatobi, where the absence of individuals in the 66–95 mm classes was interpreted as clear evidence of overexploitation. The Tablas size structure therefore supports the hypothesis that even artisanal-scale gleaning, when practiced continuously across multiple sites, is sufficient to truncate the size structure of local T. gratilla populations (Sailadjan et al., 2026).
By contrast, D. setosum populations exhibited the smallest mean test diameter (31.43 mm) despite their high density and broad distribution. This species is generally not targeted by gleaners because its long, venomous spines complicate handling and its gonads are considered less desirable (Aljahdali & Molla, 2022; Sailadjan et al., 2026). The small mean size is thus more parsimoniously interpreted as reflecting rapid recruitment turnover and dense aggregations of subadult cohorts, a pattern reported for D. setosum populations experiencing top-down release from predation (McClanahan & Muthiga, 1989; Carreiro-Silva & McClanahan, 2001; Zirler et al., 2023). Venomous defences and chemically mediated predator avoidance may permit high densities to persist irrespective of fishing intensity, an ecological asymmetry with important consequences for reef bioerosion (see Section 4.2.5). E. mathaei displayed intermediate test diameters (mean 42.01 mm), consistent with values reported from Kenyan (McClanahan & Muthiga, 1989), Okinawan (Satyawan et al., 2013), and Red Sea (Bronstein & Loya, 2014) reefs.
4.2.5 Ecological functions: grazing, bioerosion, and reef resilience
Beyond their grazing and bioerosional roles, echinoderms harvested in the same Tablas–Romblon seascape have begun to attract attention for additional uses. Gonzalez and Mores (2023) evaluated aqueous extracts of the sea cucumber Holothuria leucospilota (Brandt, 1835) from Carmen Bay, Romblon, against Staphylococcus aureus and Escherichia coli, and reported consistent antibacterial activity with the strongest inhibition from skin extracts against the Gram-positive bacterium (mean zone of inhibition 23.25 mm). This result demonstrates that co-occurring holothurians collected close to the present survey area represent an underexploited source of bioactive compounds and provides an additional economic argument for protecting the shallow-water habitats that sustain the broader echinoderm assemblage.

The functional consequences of the observed assemblage extend well beyond simple abundance. Sea urchins are recognized as keystone grazers and major bioeroders of tropical reefs (Birkeland, 1989; Glynn & Manzello, 2015; Fong et al., 2024). Both D. setosum and E. mathaei—the two locally dominant hard-bottom species at Tablas—are documented bioeroders capable of removing 1–20 kg CaCO₃ m⁻² yr⁻¹ at high densities (Mokady et al., 1996; Uy et al., 2001; Glynn & Manzello, 2015). In Kenyan reefs, McClanahan and Muthiga (1989) showed that fishing-mediated release of E. mathaei increased bioerosion sufficiently to reverse net reef accretion. Similar processes have been documented in the Red Sea (Bronstein & Loya, 2014) and in central Philippine reef flats (Uy et al., 2001). The relatively high densities of D. setosum at Long Beach (113 ind. ha⁻¹) and of E. mathaei at Cagbo-aya (93 ind. ha⁻¹) and Long Beach (83 ind. ha⁻¹) therefore warrant monitoring, as they could indicate an incipient shift toward net erosive conditions under continued reef fish overfishing.

Conversely, T. gratilla is a critical algal grazer whose depletion can precipitate phase shifts from coral- to macroalgae-dominated states in seagrass–reef mosaics (Stimson et al., 2007; Westbrook et al., 2015; Neilson et al., 2018). In Hawai‘i, T. gratilla outplants have been successfully deployed as a biocontrol agent against invasive macroalgae (Neilson et al., 2018). The Caribbean analogue is instructive: the 1983–84 mass mortality of Diadema antillarum led to sustained macroalgal takeover across the region, and the second, 2022 die-off has renewed concerns about the resilience of echinoid-mediated grazing (Lessios, 1988; Hylkema et al., 2023; Wijers et al., 2024; Roth et al., 2024). Although Indo-Pacific reefs have so far avoided comparable urchin epizootics, the relatively low densities of T. gratilla recorded at Tablas suggest that its herbivory function may already be functionally compromised, especially at low-density sites such as Cabolutan, Dubduban, and Cawayan.
4.2.6 Environmental and habitat drivers of assemblage structure
Although the present study did not quantify environmental parameters, the spatial patterns observed at Tablas Island are consistent with well-established drivers of echinoid community structure across the Indo-Pacific. Habitat complexity, substrate composition, seagrass and macroalgal cover, wave exposure, and salinity gradients are consistently identified as the strongest predictors of urchin distribution (Cleary et al., 2005; Goh & Lim, 2015; Mok, 2023; Atmaja et al., 2024). Long Beach, the only site harbouring all six species, is characterised by a mixed coral–rubble–seagrass mosaic that offers the widest range of microhabitats within the surveyed coastline (see also Bronstein & Loya, 2014; Nurcahyo et al., 2024; Aulia et al., 2025). Conversely, sites with restricted species pools (e.g., Cabolutan, Dubduban) tend to comprise near-monotypic substrata dominated either by seagrass or by consolidated reef flat with limited rugosity. The mangrove fringe that borders much of the Tablas Island coastline constitutes an additional, structurally linked coastal habitat that influences shallow-water echinoderm distribution. Gonzalez et al. (2026) documented the species composition, stand structure, conservation status, distribution, and anthropogenic threats of the mangroves surrounding Tablas Island and reported that multiple stands are already exposed to cutting for fuelwood and household use, conversion to fishponds, and encroachment from coastal infrastructure—pressures that translate downstream into the seagrass–reef mosaics where the present sea urchin assemblage occurs.
Feeding-preference studies of D. setosum in Taklong Island (Guimaras) further illustrate the tight linkage between substrate character and echinoid distribution: Luza and Malay (2019) showed that D. setosum preferentially grazes drift macroalgae and epilithic turfs on dead coral, a diet consistent with its widespread occurrence across eleven Tablas sites. Comparable substrate-mediated distributions have been documented for E. mathaei on Okinawan reef flats (Satyawan et al., 2013) and for Echinothrix spp. in Peninsular Malaysia (Mok, 2023). The interplay of substrate, vegetative cover, and hydrodynamic exposure therefore likely underlies the pronounced β-diversity documented across the twelve Tablas sites.
4.2.7 Management and conservation implications
The Tablas Island assemblage displays two ecological signatures that are of direct concern for coastal fisheries management: (i) a truncated size structure of the commercially important T. gratilla, and (ii) numerical dominance of small-bodied, non-target species (particularly D. setosum) at several sites. Both patterns are consistent with early to intermediate stages of exploitation cascades documented in Bolinao (Juinio-Meñez et al., 1998, 2008), Wakatobi (Nane, 2019), Davao Occidental (Molina et al., 2025), Sulu (Sailadjan et al., 2026), and eastern Africa (Muthiga, 2005; McClanahan & Muthiga, 1989). Given the demonstrated capacity for rapid density recovery when management is implemented—for example, the 15- to 30-fold rebound achieved through community-based grow-out culture in Bolinao (Juinio-Meñez et al., 1998; Ungson, 2004)—Tablas represents a promising candidate for locally managed marine area (LMMA) designation coupled with seasonal harvest closures, minimum-size regulations (≥50 mm), and gonad-quality monitoring (Talaue-McManus & Kesner, 1995; Bauer & Olmos, 2025).
Within the broader Romblon seascape, marine protected areas have been shown to enhance the recovery of other exploited benthic invertebrates in a manner directly comparable to the pattern expected for echinoids. Gonzalez and Mazo-Gonzalez (2025) recorded the first confirmed population of the giant clam Tridacna noae (Röding, 1798) in Carmen Bay, Romblon, and found that densities of T. crocea, T. maxima, and T. noae were substantially higher in protected sites (580 and 527 ind. ha⁻¹) than in adjacent non-protected sites (20 and 13 ind. ha⁻¹), with T. maxima and T. noae restricted to the protected stations. This parallel indicates that MPA enforcement in Romblon benefits multiple benthic invertebrate taxa simultaneously, strengthening the case for extending site-level protection to the reef-flat habitats surveyed in the present study.

Marine protected areas (MPAs) and no-take reserves have been shown to reliably restore urchin density, biomass, and reproductive output (Hamilton & Caselle, 2015; Medrano et al., 2019). In the Philippines, the mosaic of small (<100 ha) community-managed reserves has yielded measurable increases in target invertebrate populations (Weeks et al., 2010; Muallil et al., 2014). Long Beach, given its species-rich and structurally diverse habitat, is a strong candidate for such spatial protection. Complementary interventions could include restocking with hatchery-produced T. gratilla juveniles—an approach with documented success in Bolinao and Bohol (Juinio-Meñez et al., 2008; Meñez, 2016)—and community-based gonad-enhancement grow-out schemes (Bauer & Olmos, 2025; Meñez, 2016).
Continued monitoring is also needed in light of emerging climate-related threats. Mass mortality events in Diadema populations—first in the Caribbean in 1983–84 (Lessios, 1988), and more recently in the Mediterranean (Zirler et al., 2023), Red Sea, and Western Indian Ocean (Roth et al., 2024)—demonstrate that urchin populations can collapse rapidly under thermal stress and pathogen outbreaks. The Coral Triangle is not immune to such events (Hylkema et al., 2023; Roth et al., 2024). The establishment of baseline density, size-frequency, and disease-prevalence data at Tablas Island is therefore critical for early detection of any comparable die-off and for guiding adaptive management under an increasingly variable climate.
4.2.8 Study limitations and future directions
This study provides a snapshot of sea urchin assemblages on the north-eastern coast of Tablas Island but is limited in three important respects. First, sampling was conducted over a single seasonal window; sea urchin populations exhibit strong seasonal and lunar reproductive periodicity (Muthiga, 2005; Molina et al., 2025), and temporal replication is required to resolve recruitment pulses and post-spawning mortality. Second, environmental covariates (salinity, temperature, substrate rugosity, algal cover) were not measured; incorporating these in future work using PERMANOVA and distance-based linear modelling would strengthen inferences about assembly rules (Cleary et al., 2005; Mok, 2023). Third, the study relied on visual identification; the incorporation of DNA barcoding, as applied by Aulia et al. (2025) for Indonesian echinoids, would help resolve cryptic diversity, particularly within Echinothrix and Diadema (Coppard et al., 2021; Vimono et al., 2025). Addressing these gaps could provide the mechanistic understanding needed to translate biodiversity snapshots into actionable management guidance for Philippine reef fisheries.
5. Conclusion
The north-eastern coast of Tablas Island supports a spatially variable sea urchin assemblage comprising six species from four families. Tripneustes gratilla was the most abundant and widespread species, occurring at all 12 stations, whereas Echinothrix calamaris was confined to Long Beach. Long Beach recorded the highest species richness and diversity and the lowest dominance, indicating a comparatively balanced assemblage. In contrast, Poblacion showed the highest dominance, largely reflecting the uneven distribution of individuals among species. The observed variation in density, diversity, and body size indicates that habitat conditions and local pressures may differ among coastal stations. The relatively small mean test diameter of T. gratilla suggests possible size-selective harvesting, although direct measurements of fishing intensity were not included. These findings provide baseline information for periodic population monitoring and site-based management. Conservation attention should prioritise habitat quality, regulation of harvestable sizes, and community participation, particularly in areas supporting high diversity or commercially important populations.
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