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			ABSTRACT

			Introduction: Coral symbiotic crustaceans maintain close associations with their hosts, which may be obligate or facultative. In addition to their dependence on corals for survival, these organisms play an important role in the health and persistence of their hosts. However, there is still limited information regarding the spatio-temporal variation in their biomass and the factors regulating it. 

			Objective: This study analyzed the spatio-temporal variation in the taxonomic diversity and biomass of symbionts associated with pocilloporid corals in the Mexican Central Pacific, as well as their relationship with environmental variables and benthic structure. 

			Methods: A total of 48 samples were collected from four coral ecosystems over two years during the rainy and dry seasons. 

			Results: A total of 29 species were identified. Alpha and Beta diversities showed significant seasonal differences, with higher biomass values recorded during the dry season. 

			Conclusion: Temporal variation was the main component influencing assemblage structure and biomass increase, which was associated with greater resource availability. This was likely driven by an increase in recruitment and food availability.
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			RESUMEN

			Variación espacio-temporal de crustáceos (Decapoda) simbiontes asociados 

			a corales pocilopóridos del Pacífico central mexicano

			Introducción: Los crustáceos simbiontes de coral mantienen asociaciones estrechas con sus hospederos, que pueden ser obligadas o facultativas. Además de depender del coral para sobrevivir, estos organismos desempeñan un papel importante en la salud y persistencia del hospedero. Sin embargo, aún existe escasa información sobre la variación espacio-temporal de su biomasa y los factores que la regulan. 

			Objetivo: En este estudio se analizó la variación espacio-temporal de la diversidad taxonómica y la biomasa de simbiontes asociados a corales pocilopóridos del Pacífico central mexicano, así como su relación con variables ambientales y con la estructura del bentos. 

			Materiales y métodos: Se recolectaron 48 muestras en cuatro ecosistemas de coral durante dos años, en temporadas de lluvias y estiaje. 

			Resultados: Se recolectaron un total de 29 especies. Las diversidades alfa y beta mostraron diferencias significativas entre temporadas, mientras que los valores más altos de biomasa se registraron durante el estiaje. 

			Conclusión: La variación temporal fue el componente con mayor influencia en la estructura del ensamblaje y en el incremento de la biomasa, asociada a una mayor disponibilidad de recursos. Esto estuvo probablemente influenciado por el aumento de reclutas y la disponibilidad de alimento.

			Palabras clave: biomasa; arrecifes de coral; diversidad taxonómica; cangrejos de coral; riqueza.
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			Introduction

			Coral reefs are among the most biodiverse ecosystems on the planet (Reaka-Kudla, 1997; Veron, 2000; Glynn & Enochs, 2011), with the number of species they host ranging from 600 000 to nine million worldwide (Knowlton, 2001). However, it is estimated that only 10% of this diversity has been described (Sheppard et al., 2009). Most of this diversity is composed of invertebrates, a proportion of which are coral symbionts (Stella et al., 2010). Symbiosis is a key element for the survival of many reef species (Sheppard et al., 2009; Cunning & Baker, 2014; Cunning et al., 2015). Hermatypic corals facilitate these interactions due to their sessile nature, complexity of their branched or stratified structures, mucus production, and defensive stinging capability (Abele, 1976). Among the groups that most frequently establish symbiotic relationships with these corals, crustaceans are prominent (Stella et al., 2010; Britayev & Mikheev, 2013; Head et al., 2015; Counsell et al., 2018; Alonso-Domínguez et al., 2022).

			Among coral-associated organisms, decapods maintain one of the strongest ecological relationships with their coral hosts (Abele & Patton, 1976; Stella et al., 2011). Due to their high diversity, these organisms display varying degrees of specialization in morphology and ecological function (Vázquez-Domínguez, 2003; Castro et al., 2015; Alonso-Domínguez et al., 2022). Some crustaceans are obligate symbionts, meaning they cannot live in the absence of their host, while others are facultative symbionts, as the host is not essential for their survival, and the remaining species have a free-living lifestyle (Stella et al., 2011). The protection provided by corals enhances the survival rate of these organisms, especially during the juvenile stages (Stella et al., 2011; Castro et al., 2015). This association also benefits the corals. For example, species of the genera Trapezia and Alpheus defend their hosts against coral predators (Glynn, 1976). Many of these crustaceans contribute to the removal of sediments and parasites from corals, thereby potentially improving the health and survival of their hosts (Stewart et al., 2006).

			In the Mexican Pacific, few studies have been conducted on the spatio-temporal variation in crustacean diversity associated with coral (Alonso-Domínguez et al., 2022). Most of the available information comes from research carried out in the late nineties, such as that of Pereyra-Ortega (1998) and Hernández (1999), who described the diversity of decapods associated with corals of the genus Pocillopora in the Baja California Peninsula. Subsequently, Ramírez-Luna et al. (2002) analyzed the temporal variation of the family Porcellanidae and superfamilies Majoidea and Xanthoidea associated with corals of the genus Pocillopora in Bahías de Huatulco, Mexico, and found higher diversity and abundance during the dry season. More recently, Hernández et al. (2013) conducted an inventory of decapods associated with corals along the coast of the Mexican tropical Pacific. Likewise, Alonso-Domínguez et al. (2022) provided information on the richness and spatio-temporal variation of decapods and stomatopods associated with Pocillopora in the central Mexican Pacific, highlighting the greater representation of diversity during the rainy season. Taken together, these studies suggest that crustacean assemblages associated with Pocillopora in this region may exhibit intra- and interannual variations related to seasonality (Ramírez-Luna et al., 2002; Alvarado & Vargas-Castillo, 2012; Alonso-Domínguez et al., 2022; Mercier et al., 2022.

			Understanding this variation in symbiotic species can provide relevant data for conservation and restoration programs, as the interactions of these species with their hosts have a direct impact on coral survival and resilience. Furthermore, by detecting patterns of population fluctuation linked to environmental stress, the early impacts of degradation could be revealed, particularly in pocilloporid-dominated ecosystems. Therefore, this study aimed to analyze the spatial and temporal variation in the taxonomic diversity of obligatory and facultative symbiotic crustaceans associated with pocilloporid corals in four areas of the central Mexican Pacific during two climatic seasons (dry and rainy seasons) and two consecutive years of sampling. 

			MATERIALS AND METHODS

			Study area: Samples were collected from four sites in the central Mexican Pacific (CMP) along the coasts of Chamela Bay, Cuastecomate-Punta Melaque Bay in southern Jalisco, Ceniceros (Carrizales) Bay, and Santiago Bay (Punto B) in Colima (Fig. 1). The CMP is located in the Mexican Province of the Eastern Tropical Pacific ecoregion (Spalding et al., 2007). This region is characterized by warm, low-salinity surface waters with a well-defined shallow thermocline (Fiedler & Lavín, 2016). In the CMP, the California Current and upwelling from Cabo Corrientes, as well as the Mexican Coastal Current, exert a notable influence, particularly in summer (Kessler, 2006). This region is a convergence zone that brings together subarctic-origin waters transported by branches of the California Current, surface equatorial waters carried by the Mexican Coastal Current, and high-salinity waters generated in the Gulf of California (Pantoja et al., 2012). The sites that were sampled are notable for the following characteristics: 1) Chamela Bay (CH) consists of islands and islets, with coral ecosystems in the form of small coral patches and coral communities (rocky reefs with isolated coral colonies), and a high cover of rubble, sand, and dead coral; 2)  Cuastecomate–Punta Melaque Bay (CT) has medium to high coral cover distributed discontinuously, characterized by the presence of coral patches and coral communities; 3) Ceniceros Bay (Carrizales, CA) consists of a fringing coral reef with two reef bars with high cover and the best conservation status; 4) Punto B (PB), located in Santiago Bay, features sparse and isolated colonies, low coral cover and high sponge cover, and is also subject to intense tourist activity (Hernández-Zulueta et al., 2017; Alonso-Domínguez et al., 2022).

			Fieldwork: A total of 48 samples were collected in September 2017, January and September 2018, and January 2019. At each site, three colonies of live Pocillopora coral were collected by scuba diving at a depth between 6 and 10 m using 0.25 m2 quadrats (placed randomly and separated by at least 10 m). Each coral colony was covered with a plastic bag to prevent the loss of organisms and detached using a hammer and chisel. Subsequently, the coral was fragmented, and all live decapods were preserved in 70% ethyl alcohol. The organisms from each sample were identified to the species level (Rathbun, 1930; Haig, 1960; Abele & Kim, 1986; Castro, 1996; Anker et al., 2006; García-Madrigal & Andreu-Sánchez, 2009; Hermoso-Salazar, 2009) and subsequently weighed to estimate their biomass. 

			In the present study, only species classified as obligate or facultative symbionts were considered (Stella et al., 2011). Obligate symbionts are species whose survival and life cycle depend closely on their association with a host and are classified based on evidence from specialized literature (Abele, 1976; Castro, 1996; Alvarado & Vargas-Castillo, 2012; Canizales-Flores et al., 2021; Alonso-Domínguez et al., 2022). In contrast, facultative symbionts are species that, although not exclusively dependent on a host to complete their life cycle, maintain recurrent associations with Pocillopora colonies and may also inhabit other substrate types (Stella et al., 2011). Species were assigned to this category only when the literature documented a consistent association with corals of the genus Pocillopora. For operational purposes, species lacking evidence of a specific association with Pocillopora were grouped as opportunistic. This category included species for which no evidence of a symbiotic relationship with corals exists, species whose recorded hosts belong to other taxa, and species for which Pocillopora has not been reported as part of their typical habitats. For this study, opportunistic species were excluded to provide a more accurate assessment of the response of species with a closer association with the host and to determine how changes in coral condition could influence the composition and structure of the associated community.

			At each site, the physicochemical parameters of seawater, including temperature, conductivity, total solids, dissolved oxygen, and salinity, were recorded using a YSI 556 multiprobe system. Turbidity was measured using a Secchi disk. To estimate the concentration of chlorophyll a and total coliforms (ColT) and fecal coliforms (ColF) at each site, three samples of seawater were collected in one-liter dark bottles. For chlorophyll a, readings were taken by spectrophotometry at different wavelengths (630–730 nm). Using the calculated values, the chlorophyll a concentration was determined based on the procedure described by Jeffrey and Humphrey (1975). In addition, five seawater samples were collected for nutrient estimation (NO3+NO2, NH4, SiO2, and PO4). These nutrients were estimated at the Instituto de Oceanografía of the Universidad de Colima using a Skalar San Plus II system.

			The structure of the benthic habitat was recorded at each site using videotransects (50 m long and 0.4 m wide) filmed 0.4 m above the bottom. Forty frames and 2 000 points were examined (50 points positioned in a systematic-random manner per video frame) to record the benthic morpho-functional groups (Pocillopora, Pavona, and Porites corals, as well as soft corals, macroalgae, crustose calcareous algae, articulated calcareous algae, turf, sponges, sand, rubble, and rock). The percentage cover of these groups was estimated with C = (Np / 2000) × 100, where C is the percentage cover of each morpho-functional group, and Np is the total number of points observed in the 40 video frames (Rodríguez-Zaragoza et al., 2011). Videotransects were performed at each site prior to the collection of coral colonies on the same day.

			Data analysis: The spatiotemporal variation in the taxonomic diversity of symbiotic crustaceans between sites and climatic seasons was evaluated using a two-way experimental design with crossed factors expressed as:

			Y = Ti + Sj +Ti x Sj + εij

			Where:

			Y: is the variation in taxonomic diversity between sites and seasons. 

			Ti: is the climatic season composed of two levels (dry and rainy seasons).

			Sj: is the site with four levels. 

			εij: represents the accumulated design error.

			Sampling effort was evaluated using the nonparametric estimators Chao2, first-order Jackknife, and second-order Jackknife. A rank-abundance curve was built to graphically represent the composition, dominance, and seasonal changes in symbiont species. Alpha taxonomic diversity was analyzed using total biomass and Hill numbers: S (species richness or N0), N1 (eH’ or effective number of intermediately abundant species), N2 (1/D or effective number of dominant species), and N21 (N2 / N1 or Hill evenness). Likewise, the average total biomass (B) of all species was estimated and expressed in grams per 0.25 m2 (g/0.25 m2). Variation in alpha diversity was evaluated through a permutational multivariate analysis of variance (PERMANOVA) based on Euclidean distances and data previously standardized to Z-scores. For the analysis of the spatiotemporal variation in beta taxonomic diversity, species composition and biomass were used, which were compared with a second PERMANOVA based on a Bray-Curtis similarity matrix and data transformed to the fourth root. Both PERMANOVAs were constructed based on the previously described experimental design. Statistical significance was assessed using 10,000 permutations of the residuals under a reduced model and using the type III sum of squares. Variation patterns of alpha and beta diversity were examined with a permutational analysis of multivariate dispersions (PERMDISP). This analysis allowed for the assessment of variance differences between groups without accounting for the influence of local variations (Anderson & Gorley, 2015). The contribution of species to dissimilarity between groups was estimated using a similarity percentage analysis (SIMPER), while similarity relationships among levels were visualized with a principal coordinates analysis (PCoA). These analyses were performed using the same similarity coefficient, the same data pretreatment, and the results of the second PERMANOVA. 

			

			A shade plot was used to visualize the patterns of composition and biomass of crustaceans across seasons. For this purpose, the data were standardized to relative abundance based on the total biomass of the species. Subsequently, the Whittaker association coefficient was used to construct a dendrogram in R mode (among species) using the average linkage clustering method. Species were clustered using the similarity profile routine (SIMPROF), and samples were arranged by season according to the experimental design described above to highlight the temporal effect. The relationship between the crustacean assemblage and environmental and benthic variables was analyzed indirectly by projecting variables as vectors using a multiple Pearson correlation on the PCoA ordination of beta diversity. All numerical analyses were performed with the PRIMER 7 + PERMANOVA software (Anderson & Gorley, 2015).

			RESULTS

			A total of 29 species of symbiotic crustaceans were collected, of which 11 were considered obligate symbionts and 18 facultative symbionts (Supplementary Material, Table S1). The highest species richness was recorded in PB with 28 species, followed by CT with 27 species, and CH and CA with 25 species each. In terms of seasons, the number of species was the same during both the rainy and dry seasons (28). All species were present in both seasons, except Aniculus elegans (found only during the rainy season) and Teleophrys cristulipes (recorded only during the dry season) (Supplementary Material, Table S1). Notably, Aniculus elegans was not found during the second year of the study. Sampling effort assessment showed high representativeness, ranging from 93.7% with the Jackknife 2 estimator, 96.7% with Jackknife 1, and 100% with Chao 2 (Fig. 2a).

			The rank-abundance curves showed a similar community structure in both seasons, dominated by a few species (Fig. 2b). The most dominant species was Trapezia bidentata in both seasons, reaching the highest biomass during the rainy season (28.9%), followed by Alpheus lottini (10.5%), Trapezia corallina (8.7%), Trapezia formosa (8.3%), and Pachycheles spinidactylus (6.6%) (Fig. 2b). Although T. bidentata maintained its dominance in the dry season (24.3%), changes were observed in the relative biomass of other species, such as Trizopagurus magnificus, which showed a notable increase (7.0%) compared to that in the rainy season (0.4%). Most species had an abundance of < 5% (Fig. 2b).

			In terms of biomass, CT had the highest average value (49.6 g/0.25 m2), whereas CH recorded the lowest value (42.5 g/0.25 m2). However, in the site-by-season comparison, CH reached the highest biomass during the dry season (59.7 g/0.25 m2) and the lowest during the rainy season (25.1 g/0.25 m2), showing the highest seasonal variation (Table 1).

			

			Species richness (S) ranged between sites from 25 (CA) to 28 (PB). During the rainy season, it ranged from 20 (PB) to 25, and during the dry season, from 25 to 27 (PB) (Table 1). Both biomass and richness increased during the dry season, although the increase was not significant. In contrast, CT and CA showed no seasonal variation in richness (25 in both seasons), although the biomass increased. Similarly, the values of N1 and N2 increased during the dry season at all the sites. Finally, evenness (N2/N1) reached its highest value in CH (0.77) and its lowest in PB (0.72) (Table 1).

			

			The PERMANOVA of alpha diversity revealed significant differences only at the seasonal level (F = 3.489, df = 1, p = 0.0354) (Table 2). PERMDISP confirmed the homogeneity of dispersions between seasons, indicating that the differences were not attributable to within-group variability (Table 2). PCoA showed a separation between the CH, CA, and PB sites during the rainy season, compared to the dry season. In contrast, CT remained in both the rainy and dry seasons. The variables associated with richness, biomass, and Hill numbers showed higher affinity in the dry season (Fig. 3a).

			The PERMANOVA model of taxonomic beta diversity showed significant seasonal differences (F = 2.3449, df = 1, p = 0.0343) (Table 2). The SIMPER routine showed high similarity within each season (rainy: 65.43% and dry: 69.78%) (Table 3). In both seasons, the structure was primarily determined by T. bidentata, A. lottini, T. corallina, and T. formosa, with additional contributions from Pachycheles biocellatus and T. digitalis. However, during the rainy season, Microcassiope xantusii was notable, and during the dry season, Petrolisthes haigae was notable (Table 3). 

			The average dissimilarity between the seasons was 33.5%. Seasonal changes were mainly explained by species associated with the dry season, such as P. haigae, P. glasselli, Hapalocarcinus marsupialis, Trizopagurus magnificus, Synalpheus digueti, Harpiliopsis spinigera, and Pachycheles biocellatus. In contrast, Pachycheles spinidactylus showed a higher biomass during the rainy season (Table 3). The PCoA ordination showed that the sites during the dry season formed a more compact group, while the sites during the rainy season were more dispersed, with CH standing out as an entity clearly separated from the rest (Fig. 3b). Different combinations of environmental variables and benthic structure influenced the sites. During the rainy season, CH was correlated with high coverage of crustose coralline algae and elevated NH4 values, and with a lower correlation with rocks and filamentous algae. In the dry season, the four sites were associated with greater coverage of Pavona corals, brown and green algae, sand, and rubble, as well as high PO4 values. In contrast, CA during the rainy season correlated with high coverage of Pocillopora corals and elevated concentrations of NO3 + NO2 and SiO2. Finally, PB in the rainy season was more influenced by total coliforms and chlorophyll a (Fig. 3b).

			The shade plot revealed a marked seasonal separation (Fig. 4). Most taxa showed higher biomass during the dry season, with few increases during the rainy season; furthermore, two species exclusive to each season were observed. This pattern is consistent with the significant effect of seasonality in PERMANOVA and supports its influence on crustacean assemblages. On the species axis, the genera Trapezia, Petrolisthes, and Synalpheus accounted for much of the seasonal turnover. Overall, the analysis suggests that the assemblage showed higher richness and intensity during the dry season, while in the rainy season, lower or sporadic records predominated.

			DISCUSSION

			In this study, the taxonomic diversity of obligate and facultative symbiotic crustaceans associated with corals of the genus Pocillopora present in the CMP was analyzed using composition and biomass as variables of analysis, with significant differences observed in the biomass of symbiotic crustaceans between the climatic seasons examined. Biomass values were higher during the dry season, and no significant differences were observed among the sampling sites. Likewise, the sampling effort in this study was adequate to support our analyses of the taxonomic diversity of this crustacean assemblage.

			The patterns of dominance were primarily determined by the obligate symbionts T. bidentata, followed by T. corallina, T. formosa, and A. lottini, species commonly found in the CMP and previously reported in association with Pocillopora corals (Garth, 1974; Abele, 1976; Abele & Patton, 1976; Gotelli et al., 1985; Castro, 1996; Alvarado & Vargas-Castillo, 2012; Hernández et al., 2013; Alonso-Domínguez et al., 2022). These species also play important ecological roles in coral-crustacean interactions, such as defending against corallivores and removing sediment from colonies (Glynn, 1976; Stewart et al., 2006; Stella et al., 2011; McKeon et al., 2012). Similarly, obligate symbionts are frequently found in live corals, whereas facultative symbionts show greater variability in their associations. This may depend on the availability of alternative refuges, such as dead coral, rubble, rocks, or macroalgae (Stella et al., 2011; Enochs, 2012; Castro et al., 2015; Salas-Moya et al., 2021).

			Both alpha diversity, estimated with Hill numbers (also known as true diversity indices of order q), and beta diversity showed significant differences between seasons, mainly associated with the increase in average biomass during the dry season. These changes can be interpreted as responses to variations in resource availability (primarily food) or habitat structure (Stella et al., 2010; Counsell et al., 2018). Temporal variation in the assemblage structure of coral-associated crustaceans has already been documented for this region; however, these changes have mainly been reported at the richness level, with increases during the dry season on the coasts of Oaxaca in the southern Pacific (Ramírez-Luna et al., 2002) or during the rainy season in the CMP (Alonso-Domínguez et al., 2022). In both cases, the variation was attributed to the influence of non-facultative species. In contrast, in this study, richness remained constant because the analysis focused exclusively on obligate and facultative symbionts; however, changes in the crustacean assemblage were reflected in the variation in their biomass. In this sense, the use of biomass allowed us to detect changes in the assemblage structure that were not evident in the assessment of species richness alone. Biomass can reflect variations in body size, the relative contribution of species, and potentially changes in community functional structure (Enochs, 2012; Fraser et al., 2021). The Alonso-Domínguez et al. (2022) and Alonso-Domínguez et al. (2026) studies evaluated only species incidence, detecting changes in species richness and average taxonomic distinctiveness. These analyses included both obligate and facultative symbiotic species, as well as species that are not considered part of this symbiotic relationship. In contrast, the present study exclusively focused on recognized obligate and facultative symbionts and their biomass. This approach enables a more accurate assessment of changes in the organisms most closely associated with coral health, allowing the detection of ecological reorganization within the symbiotic community in response to changes in the coral host condition.

			The highest relative contribution of biomass observed in the shade plot corresponded mainly to species of the genera Trapezia, Petrolisthes, and Synalpheus. In addition, the persistence of the obligate species T. bidentata, A. lottini, T. corallina, and T. formosa between seasons is noteworthy, as these decapods are characteristic of assemblages associated with Pocillopora corals (Abele, 1976; Castro, 1996; Castro et al., 2015; Canizales-Flores et al., 2021; Alonso-Domínguez et al., 2022). A close relationship with pocilloporid corals has been demonstrated in these species, as these corals provide shelter and resources (Huber & Coles, 1986; Canizales-Flores et al., 2021), which may explain their persistence across seasons. In particular, it has been documented that the obligate symbionts, Trapezia spp. and A. lottini, participate in defense against corallivores and contribute to the removal of sediments from colonies (Glynn, 1980; Stewart et al., 2006; McKeon et al., 2012). In our study, the biomass of these species remained unchanged. As expected, these species constituted a dominant and relatively “stable” component of the assemblage, whereas changes in the facultative symbiont species better explained seasonal differentiation. Obligate symbiont species, mainly from the genera Trapezia and Alpheus, occur more frequently and abundantly on corals (Glynn, 1980; Alonso-Domínguez et al., 2022), which could reflect a strong trophic dependence on their host and suggest a high degree of specialization (Stella et al., 2010).

			The species that maintained dissimilarity between seasons were mainly facultative species, which increased their biomass during the dry season. Species such as P. haigae, P. glasselli, Heteractaea lunata, T. magnificus, P. hians, and Synalpheus digueti showed an increase in biomass during the dry season, accounting for 31.8% of the differences between seasons. However, obligate symbionts, such as H. marsupialis, Trapezia digitalis, and H. spinigera, also increased their biomass during this season, indicating that the temporal response was not restricted exclusively to facultative species and could suggest that some symbiont species benefit from the conditions present during the dry season. In contrast, P. spinidactylus exhibited higher biomass during the rainy season, a pattern that warrants further investigation. Although information on its biology, ecology, and population dynamics is limited, studies of other Porcellanidae suggest that it may be a filter feeder (Kropp, 1981). Thus, the increased organic matter and suspended particles during the rainy season could enhance food availability (Gotelli et al., 1985) and explain the observed biomass increase. Alternatively, this pattern may be associated with reproduction or seasonal changes in population structure; however, these explanations remain hypotheses requiring further study.

			These changes in biomass could have ecological implications for the host, particularly considering that some of the species that increased or maintained a high biomass play key roles, such as defense against corallivores or sediment removal (Stella et al., 2011). Therefore, temporal variations in symbiont biomass could influence the ability of corals to cope with environmental stress or local disturbances. For example, it has been observed that the decline of coral-associated crustaceans makes them susceptible to disturbances and predation, as these symbionts are essential for care and defense against predators (Glynn, 1980; Stewart et al., 2006; Stella et al., 2011).

			The sites and seasons were influenced by different combinations of environmental variables and benthic structures, demonstrating that variation in the assemblage does not respond to a single factor but rather to a combination of local and temporal conditions, as shown in other studies (Counsell et al., 2018; Alonso-Domínguez et al., 2026). During the dry season, the four sites were associated with higher coverage of Pavona spp., brown and green algae, sand, and rubble, as well as elevated PO4 values, while the rainy season showed higher coverage of crustose coralline algae and elevated NH4 values, along with a lower association with rock and filamentous algae. Elevated concentrations of PO4 and NH4 can promote algal growth, increasing competition for space with corals and potentially enhancing water turbidity, thereby reducing the availability of light (Ferrier-Pagès et al., 2000). Although Pocillopora coral cover tended to be higher during the dry season, no significant differences in coral cover were detected between the two seasons, indicating that no drastic seasonal changes occurred. The presence of a higher coverage of sand and rubble may represent an increased availability of alternative substrates and microhabitats for facultative species. It has been suggested that microhabitats generated by rubble and dead coral are particularly valuable for supporting crustacean biomass and productivity (Kramer et al., 2014). Rubble combines structural complexity (Enochs, 2012) and a diversity of associated habitats, such as filamentous algae, macroalgae, crustose coralline algae, and sponges (Glynn & Enochs, 2011; Kramer et al., 2014). This increase in the availability of microhabitats could favor an increase in the biomass of facultative symbiont species by providing more opportunities for food and refuge.

			In general, these patterns suggest that the increase in biomass during the dry season does not result from a single mechanism but rather from the interaction between higher resource availability, an increase in available microhabitats, and processes associated with organism recruitment and growth (Kramer et al., 2014; Fraser et al., 2021). Thus, the environmental conditions of this season could favor both the persistence of resident species and the increase in larger individuals within the crustacean assemblage.

			Similarly, in the central Mexican Pacific, Rodríguez-Troncoso et al. (2019) documented greater recruitment of invertebrates during the warm months and proposed that this pattern could be linked to seasonal reproductive processes and temporary increases in resource availability, as well as seasonal upwellings caused by currents of cold, nutrient-rich water that happen during warm months (Filonov et al., 1996). From this perspective, part of the increase in biomass recorded during the dry season could reflect a lag between previous recruitment during the rainy season and the subsequent presence of larger juveniles or adults in the assemblage during the dry season. This possibility is consistent with what has been described for symbiotic decapods of Pocillopora, whose juveniles can remain in the coral colony until they reach larger sizes or join new colonies (Coles, 1980; Rodríguez-Troncoso et al., 2019). Furthermore, seasonality has been recognized as a key driver of the population dynamics of coral-associated species by modulating environmental conditions (Gotelli et al., 1985). In particular, variations in salinity and freshwater runoff can influence the population structure and community composition (Gotelli et al., 1985). In addition, the dry season in the Mexican Central Pacific is associated with coastal upwelling, which increases nutrient availability and primary productivity, potentially promoting biomass accumulation (Alvarado & Vargas-Castillo, 2012; Rodriguez-Troncoso et al., 2019). However, Alonso-Domínguez et al. (2022) reported higher species richness during the rainy season, whereas biomass was significantly higher during the dry season in the present study. This contrast suggests that seasonal variations in biomass are not necessarily driven by changes in species richness but may be related to shifts in species abundance, size structure, or resource availability. Nevertheless, these results should be interpreted with caution, as this study did not assess the size, recruitment rates, or reproductive activity of the symbionts. Likewise, although the associations observed with benthic and environmental variables suggest possible ecological mechanisms, they do not allow for the establishment of direct relationships.

			Taken together, these results indicate that temporal variation is the most important component of the structure of Pocillopora coral-associated symbiotic crustaceans. Rather than a broad species turnover, the contrast between the rainy and dry seasons reflected a reorganization of biomass and the relative contribution of taxa within the assemblage. The persistence of a well-documented group of dominant symbionts, along with higher variation in other community components, suggests a differentiated seasonal response depending on the degree of association with the host. Furthermore, these results highlight the importance of incorporating biomass in studies of coral-associated fauna, as this allows for the detection of ecological reorganization that does not necessarily reflect changes in richness or taxonomic composition. In addition, the relationships with environmental and benthic variables showed that these changes occurred in contrasting ecological contexts between seasons, although they should be interpreted as associations and not as evidence of direct causality. Although the increase in biomass was associated with temporal variation, this pattern may also reflect changes in organism behavior, recruitment, and successional processes, as well as fluctuations in resource availability, among other factors that were not evaluated in this study. These findings highlight the need for future research to examine seasonal successional dynamics of the associated fauna, species growth patterns, and temporal variation in resource availability using long-term time series to understand better the ecological mechanisms underlying the observed changes in biomass.
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			Fig. 1. Study area and sampling sites in the central Mexican Pacific. Codes: CH, Chamela Bay; CT, Cuastecomate-Punta Melaque Bay; CA, Ceniceros Bay (Carrizales); and PB, Punto B (Santiago Bay). The red dots represent the sampling sites.

		

		
			Table 1

			Alpha diversity values of symbiotic crustaceans associated with Pocillopora corals in the central Mexican Pacific, presented by season and site. Codes: S, species richness; (B), average biomass in g/0.25 m2; N1, Shannon exponential (eH’); N2, Simpson reciprocal (1/D); and N2/N1, Hill’s evenness; CH, Chamela Bay; CT, Cuastecomate Bay–Punta Melaque; CA, Ceniceros Bay (Carrizales); PB, Punto B (Santiago Bay).
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			Fig. 2. A. Sample-based rarefaction curves for the study area with the observed and estimated coral-associated crustacean species using Chao 2, Jackknife 1, and Jackknife 2 nonparametric estimators; B. Rank-abundance curves based on the relative biomass of crustaceans during the rainy and dry seasons.

		

		
			Table 2

			PERMANOVA and PERMDISP outputs of spatial and temporal variation in the alpha and beta diversity of coral-associated crustaceans in the central Mexican Pacific. Codes: T, season; S, site; C.V. %, coefficient of variation. Bold numbers indicate significant differences at p ≤ 0.05.
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			Table 3

			SIMPER outputs of dissimilarity between the rainy and dry seasons of coral-associated crustaceans in the central Mexican Pacific. The species with the highest contribution to the average dissimilarity between seasons are shown, along with their average values per season, percentage of dissimilarity contributed by each species, and cumulative contribution.
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			Fig. 3. PCoA ordination of the spatio-temporal variation of crustacean symbionts associated with Pocillopora corals in the central Mexican Pacific. It shows the correlations of the representative variables: a) Alpha diversity PCoA ordination; b) Beta diversity PCoA ordination with the benthic structure and environmental variables. Codes: S, species richness; N1, Shannon exponential (eH’); N2, Simpson reciprocal (1/D); N2/N1, Hill’s evenness; CH, Chamela bay; CT, Cuastecomate-Punta Melaque bay; CA, Carrizales; and PB, Punto B; ColT, total coliforms; NO3+NO2, nitrates and nitrites; PO4, phosphates; NH4, ammonium; T, temperature; Cla, chlorophyll a; Poc, Pocillopora corals; Por, Porites corals; Pav, Pavona corals; Rub, rubble; S, sand; ACA, articulated calcareous algae; Ro, rock; ACC, crustose calcareous algae, Turf, turf algae. Color symbology: Red, dry season; blue, rainy season.
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			Fig. 4. Shade plot of the composition and relative biomass of Pocillopora coral-associated symbiotic crustaceans by season in the central Mexican Pacific. Rows represent species ordered by similarity, and the columns correspond to the rainy and dry seasons. Shading intensity represents the relative biomass on a scale from 0 to 2 in g/025m2, where darker tones indicate a higher relative contribution.
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ABSTRACT
Introduction: Coral symbiotic crustaceans maintain close associations with their hosts, which may be obligate
or facultative. In addition to their dependence on corals for survival, these organisms play an important role in
the health and persistence of their hosts. However, there is till limited information regarding the spatio-temporal
variation in their biomass and the factors regulating it.
Objective: This study analyzed the spatio-temporal variation in the taxonomic diversity and biomass of symbi-
onts associated with pocilloporid corals in the Mexican Central Pacific, as well as their relationship with envi-
ronmental variables and benthic structure.
Methods: A total of 48 samples were collected from four coral ecosystems over two years during the rainy and
dry seasons.
Results: A total of 29 species were identified. Alpha and Beta diversities showed significant seasonal differences,
with higher biomass values recorded during the dry season.
Conclusion: Temporal variation was the main component influencing assemblage structure and biomass
increase, which was associated with greater resource availability. This was likely driven by an increase in recruit-
‘ment and food availability.

Key words: biomass; coral reefs; taxonomic diversity; coral crabs; richness.





