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			ABSTRACT

			Introduction: Diadema antillarum is a sea urchin and key herbivore in coral reef ecosystems throughout the Greater Caribbean. A mass mortality event hit the species in 1983-1984 and recovery has been slow or nonexistent in many locations. Here, we provide a more comprehensive understanding of Diadema density patterns across Colombia with broader spatial coverage than previous reports. 

			Objectives: To evaluate density patterns of D. antillarum in relation to different habitat characteristics (depth, geomorphology, benthic cover, and locality) in the Colombian Caribbean, using INVEMAR data (1999–2017) and targeted surveys conducted in 2022. 

			Methods: To estimate urchin density, we used permanent or targeted transects. Each transect had an area of 20 m². We examined the relationship between density and location, depth, year, substrate cover, and rugosity. 

			Results: Urchin density was consistent with previous reports for the Colombian Caribbean. Density showed an inverse relationship with depth and varied according to substrate cover and year. 

			Conclusions: The results suggest that species recovery in Colombia faces limitations. The absence of a clear density trend highlights the need for further investigation into the potential factors influencing these populations. This is concerning, given recent death events reported in other parts of the Caribbean.

			Key words: black long-spined sea urchin; density; herbivore; Caribbean; reefs; recovery.

			RESUMEN

			Patrones de densidad y hábitat del erizo de mar Diadema antillarum 

			(Diadematoida: Diadematidae) en el Caribe colombiano

			Introducción: Diadema antillarum es un erizo de mar herbívoro clave en los ecosistemas arrecifales del Gran Caribe. Un evento de mortalidad masiva afectó a la especie en 1983–1984, y su recuperación ha sido lenta o inexistente en muchas localidades. Este estudio presenta una visión amplia de las tendencias poblacionales de D. antillarum en Colombia, con una cobertura espacial mayor a los reportes previos. 

			Objetivos: Evaluar los patrones de densidad de D. antillarum y su asociación con las características del hábitat (profundidad, geomorfología, cobertura y localidad) en el Caribe colombiano, utilizando datos de INVEMAR (1999–2017) y muestreos dirigidos realizados en 2022. 

			Métodos: Se estimó la densidad de erizos mediante transectos permanentes o dirigidos de 20 m². Se examinó la relación entre densidad, localidad, profundidad, año, cobertura del sustrato y rugosidad. 

			Resultados: Las densidades de erizos observadas fueron consistentes con reportes previos para el Caribe colombiano. La densidad de erizos mostró una relación inversa con la profundidad y varió según la cobertura del sustrato y el año evaluado. 

			Conclusiones: Los resultados sugieren que la recuperación de la especie en Colombia enfrenta limitantes. La ausencia de una tendencia clara en las densidades resalta la necesidad de seguir investigando los factores que influyen en estas poblaciones, especialmente ante los recientes eventos de mortalidad registrados en otras regiones del Caribe.

			Palabras clave: erizo negro de espinas largas; densidad; herbívoros; Caribe; arrecifes; recuperación.
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			INTRODUCTION

			Diadema antillarum (Philippi, 1845), is native to the Western Atlantic, occurring throughout the Greater Caribbean, from Bermuda to Brazil. It inhabits coral reefs, rubble, hard-bottom, seagrass beds, mangroves, and artificial structures, among other places (Hylkema et al., 2022). As a key nocturnal herbivore, it consumes large quantities of benthic algae and cyanobacteria, freeing space on hard substrates for coral larval settlement (Cabrera-Guerrero et al., 2017; Sammarco, 1980). Historically, sea urchins attained high densities (> 20 ind./m²) (Chiappone et al., 2002; Lessios et al., 1984; Murillo & Cortes, 1984) and algae consumption rate (15 % of its body weight per day) (Solandt & Campbell, 2001) made it a primary herbivore on Caribbean coral reefs (Sammarco, 1980; Sammarco, 1982).

			In 1983, a mass mortality event caused by an unknown pathogen spread through the Western Atlantic, killing 85 to 100 % of Caribbean populations in just 13 months (Bak et al., 1984; Lessios et al., 1984). The resulting decline in the Diadema population contributed to a rise in algae and cyanobacteria on reefs and rocky shores, and a decrease in coral abundance and coverage (Díaz-Pulido et al., 2009).

			Four decades later, Caribbean D. antillarum populations have not fully recovered and their densities are below pre-mass mortality levels (0.03 to 4 ind./m²) (Noriega et al., 2006). In Colombia, D. antillarum has been studied only in waters in and near Tayrona National Natural Park, with reported densities between 0.01 and 1.16 ind./m² (Galeano et al., 2016; González-Gaviria & García-Urueña, 2011). Limited data availability and the 2022 Caribbean mortality event (Hewson et al., 2023) have raised concern about the species’ status in Colombia.

			Given the broader spatial coverage of this study compared to previous work, we aimed to update knowledge of D. antillarum density patterns across the Colombian Caribbean using annual records from the Marine and Coastal Research Institute (INVEMAR) from 1999 to 2017 plus 2022 field sampling. We evaluated factors potentially affecting urchin density including locality, depth, year and benthic community structure. Our goal is to establish a baseline of demographic data, which will allow us to monitor population trends of the species in the Colombian Caribbean into the future.

			MATERIALS AND METHODS

			Study area: Eight areas in the Colombian Caribbean were sampled (Fig. 1): Santa Marta, Tayrona, Rosario Islands, San Bernardo Islands, San Andrés, Providencia, Fuerte Island, and Urabá. Some of the stations were located within marine protected areas, such as Tayrona National Natural Park, Corales del Rosario and San Bernardo National Natural Park, the Seaflower Biosphere Reserve, and Old Providence McBean Lagoon National Natural Park.

			The study areas exhibit diverse geomorphological features and habitat types (Díaz et al., 2000), while sharing key physical factors such as temperatures ranging from 25 to 30 °C and a marked seasonal climate regime characterized by dry and rainy periods, although the timing and intensity vary regionally (Giannini et al., 2000). Sites also contain key ecological habitats such as coral reefs, seagrass beds, and rocky substrates, which provide suitable conditions for benthic invertebrates like the sea urchin D. antillarum.

			Survey methods: We used two sampling methodologies in this study: permanent transects (1999-2017) and targeted transects (2022). All surveys were conducted during daytime using belt transects 10 m long by 2 m wide and laid at shallow (3 to 6.5 m), intermediate (6.6 to 12.5 m), and deep (12.6 to 18 m) depths. The evaluated area per transects for all years and localities was 20 m². For the permanent transects, we compiled data from 50 stations across the eight areas: 2 in Santa Marta, 10 in Tayrona, 11 in Rosario Islands, 11 in San Bernardo Islands, 8 in San Andrés, 6 in Providencia, 5 in Urabá, and 2 in Fuerte Island (Fig. 1). For the targeted transects, we collected data from 35 stations in four of the areas: 4 in Santa Marta, 7 in Tayrona, 13 in Rosario Islands, and 11 in San Bernardo Islands (Fig. 1). Survey frequency varied among areas and years (Table 1). Permanent stations were surveyed once per year between 1999 and 2017, whereas targeted stations were surveyed once in 2022.

			From 1999 to 2017, we compiled data on D. antillarum density from permanent transects in high coral cover areas (Table 1) (Garzón-Ferreira et al., 2002). Five transects were evaluated per station. For 2022, we used targeted transects placed in areas where the presence of D. antillarum was confirmed. Three transects were surveyed per station to characterize local densities in occupied areas.

			We assessed the benthic coverage and rugosity using two methods (Garzón-Ferreira et al., 2002). First, we used the point-intercept method to record the substrate type at 10 cm increments along the 10 m transect. We classified the substrate into six categories: inert, sponge, hard coral, soft coral, algae, and others. Second, we applied the chain method in which a small-link chain is laid along the reef contour to estimate substrate rugosity (structural complexity) based on the ratio between contour distance and linear distance.

			Additionally, during the targeted transects, we assessed the size structure of the D. antillarum population by measuring individual test diameter using calipers and photographs with a reference object.

			Data Analysis: The response variable was the density of recorded sea urchins in the localities and years evaluated. The evaluated factors included sampling type, locality, depth, year, substrate type, rugosity and urchin test diameter (only measured on targeted transects). The sampling was unbalanced, as annual monitoring varied across the evaluated localities (Table 1).

			To check that the methodologies were comparable, for each method we analyzed urchin density grouped by study site, depth and year (except for targeted transects, which were only sampled in 2022) using a Kruskal-Wallis test followed by Dunn’s post-hoc test for pairwise differences with Holm adjustment. Non-parametric tests were used because the data did not meet the assumptions of normality and homogeneity of variances. We performed correlation tests for substrate type and rugosity.

			For size structure, we analyzed urchin density grouped by study site, depth and size using a Kruskal-Wallis test. We converted size into a categorical variable into which we binned urchins for analysis.

			We used the JMP program (JMP Statistical Discovery LLC, 2024) and RStudio (R Core Team, 2022) for statistical and graphical analyses.

			RESULTS

			We found strong differences between the sampling methodologies (H(1) = 14.89, p < 0.001). This indicates that permanent transects (1999-2017) and targeted transects (2022) represent different sampling approaches and are not directly comparable for assessing temporal population trends.

			Density on permanent transects: The highest Diadema densities were found in San Andrés, Urabá, and Providencia (Fig. 2). They were mostly at shallow and intermediate depths. The highest densities were recorded from 2002 to 2013 (Table 2). The limited data availability in some sites influenced density estimates, particularly in Fuerte Island and San Bernardo Islands. Table 2 summarizes these patterns, variations in rugosity, and evaluation periods.

			In San Andrés, Providencia, and Rosario Islands, sea urchin density was higher at shallow depths (Fig. 2), with annual averages of 0.46 ± 0.36, 0.34 ± 0.33, and 0.32 ± 0.24 ind./m², respectively. In contrast, Urabá and Santa Marta showed greater densities at intermediate depths, with annual averages of 0.49 ± 0.45 and 0.15 ± 0.16 ind./m². Tayrona did not exhibit a clear depth-related pattern, maintaining a low annual average of 0.02 ind./m². San Bernardo and Fuerte Island had insufficient data for this analysis.

			The Kruskal-Wallis test found significant differences in D. antillarum densities among depth strata within each locality across years for San Andrés (H(27) = 195.1, p < 0.01), Providencia (H(9) = 31.21, p < 0.01) and Rosario Islands (H(30) = 95.63, p < 0.01). To evaluate temporal variability in sea urchin densities across different depth strata, pairwise comparisons were conducted between shallow, intermediate, and deep zones for each locality. The table 3 below summarizes the p-values obtained from these comparisons for each year with available data. Statistically significant differences (p < 0.05) indicate years in which densities differed significantly between the corresponding depth strata.

			We found significant correlations between D. antillarum density and several benthic substrate categories across study sites (p < 0.01). Positive correlations (r > 0.8) were mainly associated with calcareous algae (ISR), turf algae (SAI), branching corals (TAY), rubble (TAY), encrusting algae (PRO, SMR and URA), and Millepora (SAI), whereas negative correlations (r < -0.64) were observed with massive corals (ISR), cyanobacteria (PRO), and, at some sites (ISR), fleshy algae.

			Density on targeted transects: Sea urchin density varied by location and depth, with differences observed between sites. In 2022, shallow sites had the highest densities. Tayrona reached the maximum density. Rosario Islands and Santa Marta followed, while San Bernardo Island had the lowest values (Table 4). The Kruskal-Wallis test found differences among groups (H(3) = 23.57, p < 0.001). We did not find differences between depths at the same locality but we did find differences between localities at the same depth. For example, Rosario Islands and Tayrona (p = 0.04), and San Bernardo Islands and Tayrona (p = 0.02), at shallow depths.

			The relationship between sea urchin density, substrate cover, and rugosity varied across localities. The San Bernardo Islands and the Rosario Islands had similar substrate composition and rugosity, with abundant algae and stony coral (Fig. 3). In contrast, Santa Marta and Tayrona featured a consolidated rocky substrate alongside soft coral communities. We found significant correlations between D. antillarum density and various substrate types at certain study sites (p < 0.01).

			The San Bernardo Islands, Rosario Islands, and Tayrona showed strong positive correlations (r > 0.66). In these locations, urchin density was closely tied to hard corals (leafy, massive and milleporid corals), rubble (Tayrona) and sponge (Rosario Islands). Negative correlation was observed with hard corals (massive corals) for Rosario Islands (r = -0.72). Sea urchin density and rugosity were correlated, but only at the San Bernardo Islands (p = 0.04, r = 0.59). 

			Size structure: We measured 318 individuals in 2022 at the San Bernardo Islands (n = 26), Rosario Islands (n = 42), Santa Marta (n = 114), and Tayrona (n = 136). The locality with the highest average test diameter was Santa Marta with 80.26 mm (SE = 1.14), followed by Tayrona with 77.57 mm (SE = 1.16). The lowest average test diameter was observed in San Bernardo Islands with 50.40 mm (SE = 5.45), followed by Rosario Islands with 51.60 mm (SE = 3.60). Tayrona and Santa Marta populations are large-sized (70.64 to 106 mm). San Bernardo and Rosario Islands populations are medium-sized (35.4 to 70.63 mm). The Kruskal-Wallis test did not find differences among groups (H(12) = 24.66, p > 0.05).

			DISCUSSION

			Forty years have passed since the 1983-84 mass mortality event that affected D. antillarum populations (Lessios et al., 1984). This study found that sea urchin densities in Colombia match the 0-5 ind./m² range seen in most Caribbean areas since 1990 (González-Gaviria & García-Urueña, 2011; Hernández-Delgado et al., 2017; Lessios, 2005; Tuohy et al., 2020). These results suggest that D. antillarum densities in the Colombian Caribbean have not shown a clear, broad trend of increase. Moreover, records spanning from earlier years up to 2022 indicate that sea urchin densities in Colombia have consistently remained low. Additionally, the absence of historical density data prior to the 1983-1984 mass mortality event prevents determining whether current densities reflect a lack of recovery or if populations were historically low in this region.

			Our findings revealed a notable variation in D. antillarum densities among different localities. Various factors may explain this including depth, sampling year, benthic community structure, and rugosity, as well as unmeasured factors such as larval supply, hydrodynamics and predation pressure. (González-Gaviria & García-Urueña, 2011; Hernández-Delgado et al., 2017; Idjadi et al., 2010; Levitan et al., 2023). The study areas are heterogeneous reef complexes with rugose substrates that create crevices favoring D. antillarum (Díaz et al., 2000). Locations like San Andrés, Providencia, and Tayrona host structurally complex habitats dominated by branching hermatypic corals (e.g., Acropora spp.), which provide shelter for D. antillarum against predators (González-Gaviria & García-Urueña, 2011; Hernández-Delgado et al., 2017). However, our study did not find a consistent relationship between branching coral cover and urchin densities. In some areas of the Rosario Islands (e.g., Pavitos), 3D habitat gradients (e.g., crevices) appear to support urchin persistence, suggesting that structural complexity plays a key role in their distribution. Diadema were also abundant on the rocky littoral habitat in Rosario Islands and Santa Marta. According to Lugo-Ascorbe (2004), a direct link between reef complexity and Diadema density is not always seen. We found rugosity values (0.28-1) close to those from Lugo-Ascorbe (2004, 0.48-0.64) and González-Gaviria & García-Urueña (2011, 0.55-0.85) in Colombia. Their studies also noted D. antillarum densities in a similar range (0-1 ind./m²). Some of our sites suggested a relationship between structural complexity and density. However, some stations with high rugosity had no sea urchins (e.g., Rosario Islands-Punta Brava). The opposite also occurred, where there was low rugosity and low-height (< 10 cm) patches of Thalassia testudinum, but a considerable presence of sea urchins (e.g. San Bernardo Islands- Maravilla). Before the massive mortality event in Venezuela, D. antillarum were abundant in complex areas (Weil et al., 1984, 0.52-6.96 ind./m²). Nonetheless, after the event, a decrease in their densities was reported (0.01-2.33 ind./m²) in tridimensional reef areas and noted considerable densities on shallow seagrass mounds of T. testudinum (Weil et al., 2005). This suggests that recruitment is not limited to complex systems, as also evidenced by our study.

			Our findings highlight that D. antillarum densities correlate with specific benthic groups in predictable spatial patterns: calcareous algae and massive corals supported populations in Rosario Islands, while encrusting organisms were key in Uraba. Conversely, frondose algae and cyanobacteria consistently showed negative associations. These results align with the macroalgae-urchin linkage proposed by Myhre et al. (2007) and Sellers et al. (2009), though they contrast with reports of inverse relationships in other Caribbean systems (e.g., Arias-Barreto et al., 2018; Mercado-Molina et al., 2014). This divergence may reflect context-dependent interactions between urchin grazing pressure and algal productivity across reef habitats. Some studies have shown that these correlations can vary depending on the study area (Sangil & Hernández, 2022; Steiner & Williams, 2006a). Our findings support those results. This variation may be attributed to habitat loss (Sellers et al., 2009) or to the possibility that Colombian Diadema populations do not prefer a specific substrate or habitat. Additionally, the absence of natural predators (Petterson, 2002; Tuya et al., 2004) might explain why D. antillarum was frequently observed in reef, sandy, and seagrass areas during the day in our study sites (e.g. Rosario Islands, San Bernardo Islands, and Santa Marta), consistent with previous reports (Weil et al., 2005).

			Sea urchin densities were highest in shallow waters (< 6.5 m). In Jamaica, Edmunds and Carpenter (2001) discovered that there is a zone of high D. antillarum density, which occurs at a depth range of 5 to 8 m. Liddell & Ollhorst (1986) reported high densities (6.6 ind./m²) down to at least 15 m depth. Nevertheless, other authors have reported the high-density zone has shifted to even shallower depths (3-5 m), though it remains uncertain if this distribution represents a transient state or stable oscillations around a specific depth range (Sellers et al., 2009). These depths allow sea urchins to find refuge and food (Lugo-Ascorbe, 2004). While D. antillarum can be generalist herbivores (Cabrera-Guerrero et al., 2017), they prefer algae from the genera Jania, Valonia, and Chaetomorpha, which are more abundant at shallow depths (Littler & Littler, 2000). Furthermore, other authors argue that the overfishing of Diadema’s predatory fish in shallow waters facilitates its persistence at these depths (Tuya et al., 2004).

			Our analysis of the 2022 surveys also revealed relationships between urchin size and depth distribution. Medium and large individuals (50-80 mm in diameter) were the most common at all stations, with only three individuals smaller than 20 mm at intermediate and deep stations. D. antillarum often clusters by size (Steiner & Williams, 2006b). The test sizes found in this study match with those reported by Lugo-Ascorbe (2004) in Puerto Rico and González-Gaviria & García-Urueña (2011) in Colombia. These authors argue this pattern indicates low recruitment of the species and/or low survival of juveniles. However, the low density of juvenile sea urchins may also be a result of the difficulty in finding them. Our study found a predominance of medium and large sizes, accompanied by low sea urchin densities, which suggests an inverse relationship between body size and population density of Diadema (Levitan, 1988).

			Studies conducted after the mass mortality event in sites historically known to harbor D. antillarum reported densities ranging from 0.06-3.13 ind./m² (Lessios, 1995; Lessios, 2005; Noriega et al., 2006; Pusack et al., 2023). Meanwhile, studies using random sampling approaches generally reported lower Diadema densities (0.02-1.4 ind./m²) (Chiappone et al., 2002; González-Gaviria & García-Urueña, 2011; Hernández-Delgado et al., 2017; Weil et al., 2005). Therefore, if the objective is to monitor D. antillarum populations over time or assess localized impacts (e.g., disease or predation), density assessments focused on areas where their presence is confirmed may be useful for characterizing local population trends. This is consistent with findings by Sharp et al. (2023), who reported that D. antillarum populations tend to form temporary aggregation sites, resulting in patchy local distributions. Another key factor influencing urchin distribution is their nocturnal behavior and spawning-season aggregations (Levitan, 1988; González-Gaviria & García-Urueña, 2011). For these reasons, density estimates may be lower than actual values (Weil et al., 1984). This happens because most surveys take place during the day, when urchins are less active and often hidden in shelters, making them difficult to observe (Weil et al., 2005).

			Overall, our results indicate that D. antillarum densities in the Colombian Caribbean remain low, even with a species-targeted sampling design, consistent with patterns reported across much of the wider Caribbean region after the 1983-1984 mass mortality event. Despite local variability in density, depth distribution, and substrate associations, Diadema densities were low across all evaluated regions. Given the ecological importance of D. antillarum as a key herbivore on Caribbean reefs and the recent mortality events reported regionally (no signs of disease or mass mortality were observed in this study), continued monitoring of Colombian populations is essential to better understand their recovery dynamics and long-term persistence.
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			Fig. 1. Locations of the monitoring stations where two types of methodologies were applied: permanent transects ([image: ]) and targeted transects ([image: ]). The main panel (left) provides an overview of the Colombian Caribbean study region, highlighting the eight evaluated areas: San Andrés (SAN), Providencia (PRO), Urabá (URA), Rosario Islands (ISR), San Bernardo Islands (ISB), Fuerte Island (IFU), Tayrona (TAY), and Santa Marta (SMR). The surrounding panels show enlarged maps of each region with the precise location of all surveyed stations. Marine Protected Areas (MPAs) and maritime boundaries are also indicated. Scale bars vary by region.

		

		
			Table 1

			Survey years for each area

			
				
					
					
				
				
					
							
							Study area

						
							
							Survey years

						
					

					
							
							Fuerte Island- IFU

						
							
							2008

						
					

					
							
							San Bernardo Islands - ISB

						
							
							2000, 2002-2004, 2006, 2008, 2009, 2010-2013, 2022

						
					

					
							
							Rosario Islands - ISR

						
							
							1999, 2001, 2002, 2003, 2004, 2006, 2008-2013, 2017, 2022

						
					

					
							
							Santa Marta - SMR

						
							
							2003, 2004, 2006, 2022

						
					

					
							
							Tayrona - TAY

						
							
							2000-2011, 2013, 2017, 2022

						
					

					
							
							San Andrés - SAN

						
							
							1999, 2001-2007, 2009, 2011-2012, 2017

						
					

					
							
							Providencia - PRO

						
							
							2001-2003, 2006, 2007

						
					

					
							
							Urabá - URA

						
							
							2002-2004, 2006, 2011-2013
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			Fig. 2. Box plots show sea urchin density distribution by year and depth for permanent transects, with outliers indicated as dots. Boxes represent the interquartile range (IQR), where green represents shallow depths (3 to 6.5 m), blue is intermediate depths (6.6 to 12.5 m) and red is deep depth (12.6 to 18 m). Whiskers show data spread. The fitted line were generated using a LOESS (locally weighted regression) and represents the temporal trend in mean density for each depth.

		

		
			Table 2

			General summary of the results obtained from sea urchin density, depth, substrate cover and rugosity of the evaluated locations based on permanent transects.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Location

						
							
							Depth range with Highest Density (m)

						
							
							Maximum Density (ind./m²)

						
							
							Mean Density 

							(ind./m²) ± SE

						
							
							Years Surveyed

						
							
							Dominant benthic cover (%)

						
							
							Mean Rugosity ± SE

						
					

					
							
							Urabá (URA)

						
							
							6.6-12.5

						
							
							1.5 (2011)

						
							
							0.26 ± 0.37

						
							
							7

						
							
							Algae (43.25 %), Stony Coral (38.83 %), Inert substrate (13.6 3%)

						
							
							0.73 ± 0.03

						
					

					
							
							San Andrés (SAN)

						
							
							3-6.5

						
							
							1.3 (2006)

						
							
							0.26 ± 0.33

						
							
							12

						
							
							Algae (43.91 %), Inert substrate (33.49 %), Stony Coral (19.09 %)

						
							
							0.64 ± 0.05

						
					

					
							
							Providencia (PRO)

						
							
							3-6.5

						
							
							1.15 (2006)

						
							
							0.16 ± 0.23

						
							
							5

						
							
							Algae (48.09 %), Inert substrate (31.49 %), Stony Coral (16.29 %)

						
							
							0.59 ± 0. 3

						
					

					
							
							Rosario Islands (ISR)

						
							
							3-6.5

						
							
							1.3 (2010)

						
							
							0.22 ± 0.24

						
							
							14

						
							
							Corals (33 % in 2002), Inert substrate (35.3 % in 2009), Algae (33 % in 2017)

						
							
							0.62 ± 0.35

						
					

					
							
							Santa Marta (SMR)

						
							
							6.6-12.5

						
							
							0.45 (2004, 2006)

						
							
							0.16 ± 0.16

						
							
							4

						
							
							Algae (48.58 %), Inert substrate (28.35 %), Sponge (10.20 %)

						
							
							0.73 ± 0.04

						
					

					
							
							Tayrona (TAY)

						
							
							6.6-12.5

						
							
							0.25 (2003, 2013)

						
							
							0.02 ± 0.04

						
							
							15

						
							
							Algae (42.72 %), Stony Coral (33.35 %), Inert substrate (22.01 %)

						
							
							0.63 ± 0.03

						
					

					
							
							San Bernardo Islands (ISB)

						
							
							3-6.5 / 6.6-12.5

						
							
							0.05 (2008, 2012)

						
							
							0.02 ± 0.03

						
							
							12

						
							
							Algae (35.65 %), Inert substrate (32.08 %), Stony Coral (27.06 %)

						
							
							0.56 ± 0.07

						
					

					
							
							Fuerte Island (IFU)

						
							
							6.6-12.5

						
							
							0.05 (2008)

						
							
							0.01 ± 0.02

						
							
							1

						
							
							Algae (38.34 %), Stony Coral (35 %), Inert substrate (23.92 %)

						
							
							0.70 ± 0.01

						
					

				
			

		

		
			Table 3

			Significant Holm-adjusted p-values (p < 0.05) from density comparisons between depth strata (Shallow, Intermediate, Deep) across years and localities in the Colombian Caribbean.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Locality

						
							
							Comparison

						
							
							1999

						
							
							2001

						
							
							2002

						
							
							2003

						
							
							2004

						
							
							2005

						
							
							2006

						
							
							2007

						
							
							2009

						
							
							2012

						
					

					
							
							San Andrés

						
							
							Shallow vs Intermediate

						
							
							0.000

						
							
							0.007

						
							
							0.003

						
							
							0.000

						
							
							0.001

						
							
							0.006

						
							
							0.004

						
							
							 

						
							
							0.000

						
							
							0.024

						
					

					
							
							Shallow vs Deep

						
							
							0.000

						
							
							0.003

						
							
							0.000

						
							
							0.000

						
							
							 

						
							
							0.000

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Providencia

						
							
							Shallow vs Intermediate

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							0.004

						
							
							0.029

						
							
							 

						
							
							 

						
					

					
							
							Rosario Islands

						
							
							Shallow vs Intermediate

						
							
							 

						
							
							 

						
							
							0.039

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							0.043

						
					

					
							
							Shallow vs Deep

						
							
							 

						
							
							 

						
							
							0.042

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

				
			

		

		
			Table 4

			General summary of the results obtained from sea urchin density, depth, substrate cover and roughness of the evaluated locations based on targeted transects.

			
				
					
					
					
					
					
					
				
				
					
							
							Locality

						
							
							Depth

						
							
							Maximum Density 

							(ind./m²)

						
							
							Mean Density 

							(ind./m²) ± SE

						
							
							Mean Dominant cover

						
							
							Mean 

							Rugosity ± SE

						
					

					
							
							Tayrona - TAY

						
							
							Shallow

						
							
							3.25

						
							
							1.15 ± 0.88

						
							
							Inert substrate (47.8 %), Stony Coral (32.1 %), Algae (13.8 %) 

						
							
							0.58 ± 0.16

						
					

					
							
							Rosario Islands - ISR

						
							
							Shallow

						
							
							1.5

						
							
							0.24 ± 0.39 

						
							
							Algae (52.3 %), Stony Coral (40.0 %), Sponge (4.3 %)

						
							
							0.71 ± 0.14 

						
					

					
							
							Santa Marta - SMR

						
							
							Shallow

						
							
							1.4

						
							
							0.78 ± 0.37 

						
							
							Inert substrate (66.0 %), Stony Coral (19.7 %), Soft coral (9.7 %) 

						
							
							0.75 ± 0.07

						
					

					
							
							San Bernardo Islands - ISB

						
							
							Shallow

						
							
							0.75

						
							
							0.18 ± 0.31 

						
							
							Algae (54.0 %), Stony Coral (45.2 %), Sponge (0.8 %)

						
							
							0.74 ± 0.18
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					Fig. 3. Locality variation in sea urchin density (urchin symbols) and substrate composition across study sites, where gray represents rocky substrate, orange is sponge, yellow is soft coral, red is hard coral, green is algae, and brown includes other types; orange points indicate rugosity values. Based on targeted transects.
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ABSTRACT
Introduction: Diadema antillarum is a sea urchin and key herbivore in coral reef ecosystems throughout the
Greater Caribbean. A mass mortality event hit the species in 1983-1984 and recovery has been slow or nonex-
istent in many locations. Here, we provide a more comprehensive understanding of Diadema density patterns
across Colombia with broader spatial coverage than previous reports.
Objectives: To evaluate density patterns of D. antillarum in relation to different habitat characteristics (depth,
geomorphology, benthic cover, and locality) in the Colombian Caribbean, using INVEMAR data (1999-2017)
and targeted surveys conducted in 2022.
Methods: To estimate urchin density, we used permanent or targeted transects. Each transect had an area of 20
m®. We examined the relationship between density and location, depth, year, substrate cover, and rugosity.
Results: Urchin density was consistent with previous reports for the Colombian Caribbean. Density showed an
inverse relationship with depth and varied according to substrate cover and year.
Conclusions: The results suggest that species recovery in Colombia faces limitations. The absence of a clear den-
sity trend highlights the need for further investigation into the potential factors influencing these populations.
This is concerning, given recent death events reported in other parts of the Caribbean.

Key words: black long-spined sea urchin; density; herbivore; Caribbean; reefs; recovery.

RESUMEN
Patrones de densidad y hibitat del erizo de mar Diadema antillarum
(Diadematoida: Diadematidae) en el Caribe colombiano

Introduccion: Diadema antillarum es un erizo de mar herbivoro clave en los ecosistemas arrecifales del Gran
Caribe. Un evento de mortalidad masiva afect6 a la especie en 19831984, y su recuperacién ha sido lenta o
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