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Spatial and Short-Term Temporal Patterns of Octocoral Assemblages in the West Philippine Sea
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Octocorals are relatively understudied than other coral reef organisms despite their ecological and economic values. The Philippines is known to have high marine biodiversity, but information on octocorals is lacking. This study investigated spatial and temporal variations in the assemblage of octocorals in selected reef sites in the West Philippine Sea (WPS)- the Kalayaan Island Group (i.e., Pag-asa, Sabina, Lawak, and Northeast Investigator) and Ulugan in 2017 and 2019. Results showed high octocoral taxonomic richness (at least 10 families) in the study sites. Mean percent octocoral cover in WPS was 5.35% SE ± 0.55, with Sabina having the highest octocoral cover in both years. Significant differences in octocoral cover were observed among sites in both years, but among-station differences were only observed in 2017. Octocoral assemblage also differed among sites in both years (ANOSIM: R > 0.5, p < 0.05), wherein different octocoral taxa dominated in different sites. In particular, variations were driven by high cover of holaxonians, nephtheids, and coelogorgiids in Sabina, and clavulariids, tubiporiids, and xeniids in Northeast Investigator in 2017. In 2019, significant variations were driven by high cover of helioporiids in Pag-asa, while Sabina had higher abundance of holaxonians, nephtheids, alcyoniids, and xeniids. Short-term temporal variation on octocoral cover in monitoring stations in Pag-asa was not observed (Kruskal-Wallis, p > 0.05), although the overall mean octocoral cover increased from 1.23% ± SE 0.47 in 2017 to 2.09% SE ± 0.37 in 2019. Further, there was no significant change in the octocoral assemblage in Pag-asa between years (ANOSIM, R = 0.11, p = 0.07). This study highlights high octocoral taxonomic richness in the WPS relative to other sites in the Indo-Pacific Region and provides baseline information on the octocoral assemblages, which can be useful for future ecological studies and marine biodiversity conservation efforts.
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INTRODUCTION

Octocorals are benthic marine organisms characterized by the presence of polyps bearing eight pinnate tentacles and have evolved a wide range of biomineralization strategies, including the production of skeletal structures composed of different calcium carbonate polymorphs (Fabricius and Alderslade, 2001; Aharonovich and Benayahu, 2012; Conci et al., 2021). Octocorals belong to the subclass Octocorallia, which comprises orders Helioporacea (blue corals), Pennatulacea (sea pens), and Alcyonacea (soft corals and gorgonians) that represents one of the most diverse macrobenthic group in tropical and subtropical shallow coral reefs and deep-sea environments (Lau et al., 2020). In addition, Octocorallia represents 64% of all extant coral species in the world (Williams and Cairns, 2018), providing a wide array of ecological benefits including coral reef development and structural complexity (Jones et al., 1994; Edmunds et al., 2016; Shoham et al., 2019), nutrition (Etnoyer et al., 2016; Garra et al., 2020), and refuge for reef organisms (Carvalho et al., 2014; Cúrdia et al., 2015; Dias et al., 2015; Epstein and Kingsford, 2019). As major macrobenthic components, octocorals play a significant role in coral reef community dynamics and may serve as indicators of water quality in reefs affected by various disturbances including climate change and pollution (Nörstrom et al., 2009; De’ath and Fabricius, 2010; Edmunds and Lasker, 2019). Apart from their ecological importance, octocorals are known to be valuable sources of natural products, which are utilized in the pharmaceutical industry (Zubair et al., 2018). In fact, aquaculture studies in soft corals are currently gaining attention due to their biomedical potential (Sella and Benayahu, 2010).

Studies on shallow water octocorals began in the Indo-Pacific (Red Sea) about 250 years ago (Benayahu et al., 2019). While octocoral distribution across the Red Sea, Great Barrier Reef (Australia), and Hong Kong has been widely documented, only limited octocoral taxonomic and distribution studies have been conducted in the Philippines, with majority from the early twentieth century (Lalas et al., 2021). Most recent octocoral studies in the archipelago have focused on the distribution of blue corals (e.g., Licuanan et al., 2019; Atrigenio et al., 2020) while information on other octocorals is limited (Lalas et al., 2021). Unlike scleractinians, octocoral assemblage dynamics have been overlooked and actual diversity and abundance analyses are often underestimated (Shoham and Benayahu, 2016; Benayahu et al., 2019; Lasker et al., 2020). This results in an overall lack of information relative to other taxa, such as scleractinians. Knowing overall biodiversity in an area can have great benefits on biogeography and conservation (Benayahu et al., 2004; Huang et al., 2014), especially in understudied regions, which are hotspots of biodiversity and of multiple disturbances.

The Philippines is located within the Coral Triangle, the epicenter of marine biodiversity (Sanciangco et al., 2013). One of the major biogeographic regions in the Philippines is the West Philippine Sea (WPS) (Aliño and Gomez, 1994) located in the South China Sea. This area accounts for approximately 30% of the total reef area in the Philippines. Considered to have the highest species richness and biomass of reef-associated fauna among the marine biogeographic regions of the Philippines, the WPS supports a great diversity of fish and invertebrate species including corals, gastropods, and bivalves (Huang et al., 2014).

Located within the WPS is the Kalayaan Island Group (KIG), a part of the Spratly Islands consisting of several islets, shoals, and reefs covering an area of 3,257.70 km2 (Asian Development Bank, 2014). Fisheries production and diversity in the WPS is relatively high, with the KIG potentially producing 3–5% of the total annual marine capture fisheries of the Philippines (Aliño et al., 1998; Arceo et al., 2020). Hypothesized to be a critical support system to reefs in nations bordering the South China Sea, KIG reefs serve as a potential source of pelagic propagules, replenishing populations of marine organisms such as fish and invertebrates (Aliño et al., 1998; Carpenter and Springer, 2005; Pata and Yñiguez, 2019). However, due to the geopolitical situation and remote distance of the KIG, conducting reef surveys and regular monitoring in the area is challenging (McManus, 1994; Aliño et al., 1998; Arceo et al., 2020). Most published studies in the KIG have focused on hard corals (i.e., Quibilan and Aliño, 2006; Quimpo et al., 2019). In fact, only the study of Dai and Fan (1996) on coral communities in Taiping Island has included a more detailed analysis of octocoral assemblages, leaving the ecological importance of these taxa underestimated (Epstein and Kingsford, 2019). This, and their major ecological and economic benefits on reefs, provide an impetus to conduct studies concerning this key taxon.

This study investigated the octocoral assemblage in shallow coral reefs in the West Philippine Sea (i.e., KIG: Pag-asa, Sabina, Lawak, and Northeast Investigator, and Ulugan). Through this study, (1) spatial differences among octocoral assemblages in this part of the WPS at different spatial scales were assessed and (2) changes in octocoral assemblage in selected stations in Pag-asa were evaluated through time. The results of this study will serve as baseline information on the octocoral assemblage of coral reefs in the Philippines and in the Indo-Pacific Region, which will highly benefit future coral reef monitoring and management efforts.



MATERIALS AND METHODS


Study Area

Scientific expeditions to the West Philippine Sea were carried out in 2017 and 2019 to conduct octocoral assemblage surveys (Figure 1). In 2017, twelve stations in four sites located in the Kalayaan Island Group (KIG), which were Pag-asa (n = 7) (N 114.3 E 11.0), Sabina (n = 3) (N 116.4 E 9.8), Lawak (n = 1) (N 115.8 E 10.7), and Northeast Investigator (n = 1) (N 116.5 E 9.2) were surveyed. In 2019, surveys were conducted in Pag-asa (n = 5) and Sabina (n = 2), with the addition of stations in Ulugan (n = 3) on the western coast of mainland Palawan. In Pag-asa, four stations were established as monitoring stations in 2017 and re-surveyed in 2019 to determine temporal changes in octocoral assemblages.
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FIGURE 1. Study sites and stations in the Kalayaan Island Group (Pag-asa, Sabina, Lawak and Northeast Investigator) and Ulugan in the West Philippine Sea surveyed in 2017 and 2019. Insets show stations in Pag-asa and Ulugan.




Octocoral Assemblage Survey

Two permanent 50-m transect lines were laid and established at a constant depth of 8–10 m in each survey station. Octocoral assemblage surveys were carried out using the photoquadrat method wherein a photograph was taken at every meter of the transect line using a digital camera (Sony RX100) with an underwater housing (Ikelite for Sony RX100) attached to a tetrapod covering a surface area of 1 m2. The photos were analyzed using the Coral Point Count with Excel extensions (CPCe) program (Kohler and Gill, 2006). Through the area analysis feature of the CPCe, the circumference of each octocoral colony was traced to obtain the total area (cm2) covered per transect. Percentage octocoral cover of each taxonomic group per transect was then computed.

Each octocoral colony was identified using coral taxonomic amalgamation units (TAUs) since it was not possible to differentiate the colonies to higher taxonomic resolutions. Coral TAUs are used to represent different closely related species that are hard to differentiate (Zvuloni et al., 2010). Given the current general taxonomic uncertainties among octocorals even at the generic level (Lau et al., 2020), the use of TAUs was necessary. The TAUs used in this study were generated based on the initial identification of inventories of octocoral specimens, which were systematically collected in the study stations in 2019. Soft coral TAUs used were mostly families, while gorgonians, which were colonies with obvious presence of axial skeleton, were identified as members of the suborder Holaxonia. Due to the difficulty in identifying these colonies to higher taxonomic resolutions basing on the photoquadrats, a Holaxonia TAU was created to represent colonies with such morphologies.



Data Analyses

A nested analysis was carried out to compare the mean octocoral cover (dependent variable) at different spatial scales (independent variable): among sites (250–500 km), among-stations (1–500 km), and within sites (1–10 km) in 2017 and 2019 (Figure 1). Each site was represented by the mean of the values representing the stations within the site, and a station was represented by the mean of the values representing each transect within the station. In 2017, Lawak and Northeast Investigator were not included in the among-sites and within-site analysis due to lack of replicate stations. Thus, the two sites, each represented by one station, were only compared at the among-stations analysis. Assumptions for normality and homogeneity of variance were tested using Shapiro-Wilk’s test and Levene’s test, respectively. One-way analysis of variance (ANOVA) was then used to compare variations in percent octocoral cover at different spatial scales. For datasets that were not normal or non-homogenous, the non-parametric Kruskal-Wallis test was performed. The Tukey’s HSD post hoc (parametric) test and the Mann-Whitney pairwise comparisons (non-parametric) were then used to determine which pairs of stations or sites were significantly different. All tests were performed using the Paleontological Statistics v3 software (PAST) (Hammer et al., 2001).

Differences of the octocoral assemblage at different spatial scales were determined through the analysis of similarity (ANOSIM) using the Bray-Curtis similarity index. However, at the among-sites analysis, Lawak and Northeast Investigator were only represented by percentage cover per TAU from one station, unlike the rest of the sites, which were represented by the means of cover per TAU of multiple stations. The lack of station replicates for Lawak and Northeast Investigator prevented us from doing a within-site analysis for the two sites. A pairwise ANOSIM, using Bonferroni-corrected values, was then carried out for spatial scales (i.e., among sites, within site, among stations) with significant overall differences. Prior to the analyses, percentage cover datasets were square root-transformed. The similarity of percentages (SIMPER) analysis was then carried out to determine which taxonomic groups contributed to the differences and similarities in the octocoral assemblage among sites. However, in the SIMPER analysis, Lawak and Northeast Investigator were represented by one station only, unlike the other sites that were represented by multiple stations. To visualize the similarities and differences among stations, a non-metric multidimensional scaling (nMDS) and cluster analysis was done. The ANOSIM, SIMPER analysis, and nMDS were performed using PRIMER-E v6.0 statistical software (Clarke and Gorley, 2006). Short-term temporal changes in the octocoral cover and assemblage in Pag-asa were also determined. The Kruskal-Wallis test was used to determine differences in the mean octocoral cover of four monitoring stations in 2017 and 2019. ANOSIM was then used to determine changes in octocoral assemblage in Pag-asa between years.




RESULTS

A total of 5 sites, 18 stations, 44 transects, and 2,200 photoquadrats were analyzed in this study. Overall, the mean percent octocoral cover in the West Philippine Sea was 5.35% SE ± 0.55 with a total of 10 taxonomic groups observed: Alcyoniidae, Briareidae, Clavulariidae, Coelogorgiidae, Nephtheidae, Helioporiidae, Nidaliidae, Tubiporiidae, Xeniidae, and Holaxonians. To compare values with recent studies that did not pool Helioporiidae cover with other octocorals (e.g., soft corals and gorgonians) (e.g., Licuanan et al., 2019), an overall average value was also computed without helioporiids, which resulted to an overall mean percent cover of 4.74% SE ± 0.18.


Octocoral Cover

Among the sites surveyed in 2017, Sabina had the highest mean octocoral cover (8.43% SE ± 1.61), followed by Northeast Investigator (8.2% SE ± 2.18), Lawak (2.18% SE ± 0.89) and Pag-asa (1.12% SE ± 0.27) (Figure 2A). The analysis of variance revealed a significant difference between Pag-asa and Sabina (Kruskal-Wallis, p < 0.01). Overall significant difference of mean octocoral cover was also observed at the station level (Kruskal-Wallis, p = 0.03) (Figure 3A). However, there were no significant within-site differences in Pag-asa (Kruskal-Wallis, p = 0.07) and Sabina (Kruskal-Wallis, p = 0.28).
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FIGURE 2. Octocoral cover (mean ± SE) of the sites in the Kalayaan Island Group (Pag-asa, Sabina, Lawak and Northeast Investigator) and Ulugan surveyed in (A) 2017 and (B) 2019. Asterisks (*) indicate significant difference (p-value < 0.05). Lawak and Northeast Investigator were not included in the among-sites analyses due to lack of replicates.
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FIGURE 3. Octocoral cover (mean ± SE) of the stations in the Kalayaan Island Group (Pag-asa, Sabina, Lawak and Northeast Investigator) and Ulugan surveyed in (A) 2017 and (B) 2019. ST denotes station.


In 2019, Sabina still had the highest mean octocoral cover (11.76% SE ± 0.09) among the sites, while Ulugan, which was not surveyed in 2017, had the lowest (0.33% SE ± 0.05) (Figure 2B). Analysis of variance revealed significant differences among the three sites (ANOVA, p < 0.001). However, no significant difference was observed among the stations (Kruskal-Wallis, p = 0.05) and within the stations (Kruskal-Wallis, p > 0.05) (Figure 3B). Similar to the results in the 2017 surveys, this revealed greater among-site than within-site differences in terms of mean octocoral cover.



Octocoral Assemblage

Overall difference in the octocoral assemblage among the sites was observed in 2017 (ANOSIM: R = 0.57, p = 0.001) (Table 1). The pairwise comparisons between sites showed variations in the octocoral assemblage (ANOSIM: R > 0.50) except between Lawak and Pag-asa (ANOSIM: R = -0.14). Differences and similarities in the octocoral assemblage among the stations were also evident in the non-metric multidimensional scaling ordination (Figure 4A) and cluster analysis dendrogram (Figure 5A). Specifically, most stations from the same site grouped together while stations from different sites showed distinct separations in the nMDS and clusters analysis except for Lawak, which clustered together with stations in Pag-asa. The ANOSIM revealed overall significant difference (ANOSIM: R = 0.84, p = 0.001) among all the stations in terms of octocoral assemblage (Table 1). However, the stations within Pag-asa differed (ANOSIM: R = 0.67, p = 0.001), while stations within Sabina did not (ANOSIM: R = 0.83, p = 0.067). The similarity of percentages (SIMPER) analysis revealed that different octocoral taxa dominated the different survey sites (Table 2). In particular, alcyoniids dominated the octocoral assemblage in Pag-asa (Similarity contribution: 46.51%), Holaxonians in Sabina and Lawak (Similarity contribution: > 50.00%), and clavulariids in Northeast Investigator (Similarity contribution: 60.50%). Meanwhile, the dissimilarity percentages revealed which taxa contributed to the variations observed between sites (Table 3). Sabina mainly differed from Pag-asa and Lawak due to its higher holaxonian cover (Dissimilarity contribution: 43.93 and 36.64%, respectively). Northeast Investigator differed from the other sites due to higher presence of clavulariids [Dissimilarity contribution: Pag-asa (48.99%); Sabina (31.34%); Lawak (44.30%)]. Lastly, Lawak differed from Pag-asa due to higher abundance of Holaxonians (Dissimilarity contribution: 45.62%).


TABLE 1. Summary result of the ANOSIM comparing octocoral assemblages at different spatial scales (among sites, stations and within site) in the Kalayaan Island Group and Ulugan and short-term temporal variation in Pag-asa in 2017 and 2019.
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FIGURE 4. Non-multidimensional scaling ordination based on the Bray-Curtis similarity index, showing differences in the octocoral assemblages in different stations in Kalayaan Island Group (Pag-asa, Sabina, Lawak and Northeast Investigator) and Ulugan, surveyed in (A) 2017 and (B) 2019. Eclipses indicate stations with more than 40% similarity.
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FIGURE 5. Cluster analysis dendrogram based on the Bray-Curtis similarity index, showing differences in the octocoral assemblages in different stations in the Kalayaan Island Group [Pag-asa (Pag), Sabina (Sab), Lawak, and Northeast Investigator (NEI)] and Ulugan (Ulu), surveyed in (A) 2017 and (B) 2019.


TABLE 2. Summary result of the Similarity of Percentages (SIMPER) analysis among the sites in the Kalayaan Island Group in 2017.
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TABLE 3. Dissimilarity percentages among sites from the SIMPER analysis among sites in the Kalayaan Island Group in 2017.
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Significant overall among-site differences in the octocoral assemblage were also observed in 2019 (ANOSIM: R = 0.87, p = 0.001) (Table 1). Pairwise comparisons showed variations in the octocoral assemblage in all pairings (ANOSIM: R > 0.80). Among stations, overall significant differences were also observed (ANOSIM: R = 0.79, p = 0.001). Comparisons of the stations within each site showed no significant difference (ANOSIM: p > 0.05). The nMDS ordination (Figure 4B) and cluster analysis dendrogram (Figure 5B) also showed distinct clustering and separation of the different stations of the three sites surveyed in 2019. The SIMPER analysis revealed similar dominant octocoral taxa (i.e., holaxonians and alcyoniids) in the stations surveyed in Sabina in 2017 (Table 2) and 2019 (Table 4). Similar to results in 2017, holaxonians (Similarity contribution: 33.09%), alcyoniids (Similarity contribution: 29.73%), and helioporiids (Similarity contribution: 27.98%) also dominated the assemblage in Pag-asa in 2019. Ulugan, which was only surveyed in 2019, was dominated by holaxonians (Similarity contribution: 43.07%) and alcyoniids (Similarity contribution: 24.81%). Sabina differed from the other sites due to higher abundance of nephtheids and holaxonians (dissimilarity contribution:>20.00%), whereas Pag-asa differed from Ulugan due to higher abundance of helioporiids (dissimilarity contribution: 26.85%) (Table 5).


TABLE 4. Summary result of the Similarity of Percentages (SIMPER) analysis among sites in the Kalayaan Island Group and Ulugan in 2019.
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TABLE 5. Dissimilarity percentages among sites from the SIMPER analysis among sites in the Kalayaan Island Group and Ulugan in 2019.
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Temporal Patterns of Octocoral Assemblage in Pag-asa

Mean octocoral cover of all monitoring stations in Pag-asa increased in 2019 (Figure 6). This resulted to an increase in the overall mean octocoral cover in Pag-asa from 1.23% SE ± 0.47 in 2017 to 2.09% SE ± 0.37 in 2019, although the difference was not significant (Kruskal-Wallis, p > 0.05). The ANOSIM revealed no significant change in the octocoral assemblage in Pag-asa between years (ANOSIM, R = 0.11, p = 0.07).
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FIGURE 6. Octocoral cover (mean ± SE) of the sampling stations in Pag-asa (n = 4) monitored in 2017 and 2019. The last two bars represent means of the means (mean ± SE) of the four monitoring stations in different years.





DISCUSSION

This study is one of the few studies focused on the octocoral assemblage in reefs in the South China Sea (SCS) and one of the first in the Philippines. The overall mean octocoral cover of the area (5.35% with helioporiids, 4.74% without helioporiids) is slightly higher than the 3.2% overall octocoral cover (excluding helioporiids) of the coastal fringing reefs of northwestern Philippines (Lalas et al., 2021) and the national mean soft coral cover (3.2% excluding helioporiids) reported by Licuanan et al. (2019). However, it is generally lower compared with covers recorded from other regions, with some reaching up to 50% soft coral cover (e.g., Red Sea: Benayahu and Loya, 1977, 1981; Great Barrier Reef, Australia: Dinesesn, 1983; Papua New Guinea: Tursch and Tursch, 1982). Most of the studies in other regions that measured octocoral cover using the similar techniques as the present study, however, were conducted decades ago. Revisiting these areas will benefit comparisons at a global scale.

Several factors may influence the living coverage of octocorals in a reef. In this study, reefs located near coastal communities (i.e., Pag-asa, Ulugan) and inside an embayment, which had limited water movement (i.e., Ulugan), tended to have lower octocoral cover compared with offshore reefs that had relatively high wave exposure (i.e., Sabina, Lawak, Northeast Investigator). This might be attributed to poor water quality due to anthropogenic disturbances, which is also consistent with findings of studies in other regions. Remotely sensed data show that among the sites, Ulugan has the higher chlorophyll a content and the lowest Secchi depth (Supplementary Table 1), both of which are proxies for water quality (Hughes et al., 2017). Low water quality in Ulugan can be explained by its proximity to a river mouth (Supplementary Table 1). Yeung et al. (2014) reported that limited water movement and poor water quality due to anthropogenic disturbances contributed to low abundance of octocorals in Hong Kong. This pattern in octocoral cover is similar to earlier studies in other regions (e.g., Dinesesn, 1983; Great Barrier Reef, Australia) where it was reported that increased octocoral cover in offshore more than nearshore reefs was likely due to clearer waters and stronger currents.

The results also highlight the variable spatial patterns in octocoral coverage and assemblage in the SCS. Significant variation observed in the octocoral assemblage among sites but not within sites may indicate higher variation in the environmental conditions at the site scale than at the station scale. This is in contrast with earlier observations in northwestern Philippines wherein variations in octocoral assemblage were observed within sites but not among sites (Lalas et al., 2021). This may indicate variabilities in different factors, both biological (e.g., interactions with other benthic organisms) and environmental (e.g., water quality, exposure monsoons). However, the lack of information on the different prevailing factors in this study limits the inferences on the causality of the observed variations. This warrants the need to include environmental data collection during reef surveys to elucidate octocoral-environment relationships.

Overall, octocoral assemblages in the study sites were dominated by holaxonians. Initial identification of collected samples, through analysis of morphological characters, indicate the presence of colonies belonging to the genera Isis and Pinnigorgia (Supplementary Material), which are both zooxanthellate and are usually abundant in flow-exposed areas (Fabricius and Alderslade, 2001). Northeast Investigator was dominated by clavulariids and xeniids. In the study of Lalas et al. (2021), clavulariids were positively correlated with water clarity and wave exposure. The relatively higher dominance of xeniids may also be an indication of a current-exposed and well-lit environment, similar to what was observed in inshore reefs of the central Great Barrier Reef (Dinesesn, 1983). Such inference may explain their abundance in our study sites, which are all exposed and non-inshore, except for Ulugan. Thus, the dominance of these taxa in the area may indicate generally high current conditions, which is a characteristic of offshore reefs.

The octocoral taxonomic composition in the study area is similar to observations in other areas in the SCS and in the Indo-Pacific. For example, all of the taxonomic groups reported here were also observed from Palau (Fabricius et al., 2007; McFadden et al., 2014) to as far as the Red Sea (Benayahu and Loya, 1977). The presence of these taxa was also reported in the Great Barrier Reef, Australia (Dinesesn, 1983). Many taxonomic groups reported in the present study were also reported in other areas such as in Southern Japan (Benayahu, 2002), Taiwan (Benayahu et al., 2004, 2012), and East Africa (Benayahu et al., 2003). Despite the taxonomic identification limitations of this study, information gained here may improve our knowledge on the biogeography of octocorals.

The taxonomic richness (at least 10 families) is relatively higher in this study compared with other quantitative studies in other regions (3–5 families) that assessed octocoral assemblages. In Thailand waters, only 4 families were reported by Chanmethakul et al. (2010) despite the larger study area covered. In the southern islands of Singapore, Goh et al. (2009) and Seah et al. (2015) reported genera from a total of 3 families only (i.e., Alcyoniidae, Nephtheidae, and Clavulariidae). In Hong Kong, which is generally characterized by turbid waters, only 5 of the 9 soft coral families observed in the present study were documented (Yeung et al., 2014). All taxonomic groups observed in the present study were also observed in northwestern Philippines (Lalas et al., 2021). This suggests that octocoral diversity may be higher in Philippine waters compared with other areas surrounding the South China Sea. It is also likely that patterns in octocoral diversity in the region is similar to patterns in scleractinian diversity, where species richness tends to be higher in the western Philippines (Huang et al., 2014). In an earlier study in adjacent reefs in the Spratly Islands, Dai and Fan (1996) reported only three families of soft corals that were limited to depths below 15 m. Dai and Fan (1996) also reported four gorgonian families. However, gorgonians in the present study were pooled into one taxonomic unit, thus, preventing comparisons of gorgonian taxonomic richness to other studies. It should be noted that the present study is not directly comparable with studies that generated taxonomic inventories of octocoral species (e.g., Benayahu et al., 2012; McFadden et al., 2014). Thus, identifying octocoral species at the highest possible taxonomic identification (i.e., genus, species) merits attention and is expected to provide better understanding of the diversity and assemblage of octocorals in the Philippines and in the Indo-Pacific.

In the context of the Coral Triangle, information on octocorals is still very poor (Pérez et al., 2016). Studies on octocorals in Indonesia (e.g., Janes, 2013; McFadden et al., 2014; Rowley, 2018), Malaysia (e.g., Mohammad et al., 2016), and Papua New Guinea (e.g., Tursch and Tursch, 1982; Mana, 2011) focused on establishing taxonomic inventories and information on the contribution of different taxa to benthic assemblages is lacking. In general, the lack of data on the abundance of different octocoral taxa in coral reef studies is common among nations in the Coral Triangle (e.g., Asian Development Bank, 2014). Janes (2013) highlighted that the Philippines has the highest diversity of xeniids, which may indicate high octocoral diversity. The lack of a finer taxonomic resolution used in this study limits comparisons in terms of diversity. However, taxonomic richness observed in this study and a study by Lalas et al. (2021) in the northwestern Philippines (using similar methodologies and taxonomic resolutions) was higher compared to other areas in the Coral Triangle (e.g., Verseveldt and Tursch, 1979; Tursch and Tursch, 1982). This may indicate high octocoral diversity in the Philippines. However, the very limited number of areas studied and different methods employed make it difficult to identify spatial patterns in diversity within the Coral Triangle. This highlights the need to incorporate taxonomic inventories with abundance surveys to improve our understanding on coral reef communities in the Coral Triangle.

Increasing trend in the mean octocoral cover was observed in Pag-asa from 2017 to 2019, suggesting possible shifts in the coral community structure due to changing environmental conditions (Nörstrom et al., 2009). In the Caribbean, increase in gorgonian abundance in the last decade has been associated with increasing sea surface temperature (Edmunds and Lasker, 2019). In Indonesia, rapid dominance of soft corals has been associated with degradation caused by destructive fishing practices (Fox et al., 2003). Hence, an alternative state is hypothesized wherein octocorals dominate coral reefs after a disturbance (Nörstrom et al., 2009), although this may not always be the case. For example, soft corals did not dominate a reef in the Great Barrier Reef, which had available substrate space following a crown-of-thorns starfish outbreak (Fabricius, 1995). Such case is possible as responses of octocorals to disturbances may be taxon- or site- specific. In areas where octocorals dominated after a disturbance, octocoral assemblage would usually be composed of fast-growing species (e.g., xeniids, nephtheids) (Fox et al., 2003). This highlights the need for long-term monitoring to observe how octocorals can affect community structure of reefs in the future.

The Spratly Islands harbor ecologically and economically important reef systems to countries bordering the South China Sea (SCS) (McManus and Meñez, 1997; Ablan et al., 2002). Through simulated particle dispersal models, the islands have been inferred to be important sources of larvae that can replenish populations of different coral reef organisms in the SCS and in the Coral Triangle Region (Kool et al., 2011). However, the reefs of the SCS are generally threatened by habitat degradation caused by anthropogenic factors (Rosenberg, 1999; Vo et al., 2013) such as military activities (Song, 2008; Asner et al., 2017), reclamation (Larson, 2015; Mora et al., 2016), unsustainable fishing practices (McManus, 1994), and oil and gas exploration (Song, 2008).

Natural perturbations (e.g., monsoons, typhoons; Quibilan and Aliño, 2006) and climate change-driven disturbances such as coral bleaching (Li et al., 2011; Tkachenko et al., 2020) may also have an influence on the structuring of coral reef communities. Although monitoring of environmental parameters was not done, remotely sensed data show that Sabina has the highest exposure to positive thermal anomaly events that causes bleaching and mass morality (Supplementary Table 1). In the Carribean, increased SST and the occurrence of bleaching events have been attributed to cause the decline of hard corals while gorgonian abundance increased (Edmunds and Lasker, 2019). Arceo et al. (2001) conducted one of the earliest comprehensive records of mass coral bleaching events in the Philippines and found that there were no significant changes in the soft coral cover in the Spratly Islands post bleaching. Although, it was emphasized that their report was not designed to detect small changes in the soft coral assemblages. Besides the 1998 bleaching event, coral reefs in the Philippines experienced sustained heat stress that led to mass bleaching in 2010, and 2016–2017 (Tun et al., 2010; Hughes et al., 2018; Licuanan et al., 2019). Unfortunately, due to geopolitical tensions and logistical constraints, studying the coral reef dynamics in the Spratly Islands has remained a challenge. This has resulted to patchy and sparse information on the area that limits our understanding on the changes or shifts of the octocoral assemblage brought about by climate change.

The ecological roles of octocorals remain greatly understudied. In areas where scleractinian corals do not dominate, such as in deep reefs, gorgonians may contribute to structural complexity providing potential habitats for other marine organisms (Slattery and Gochfeld, 2016). Conversely, increase in soft coral cover has been associated with degraded reefs (see Epstein and Kingsford, 2019). Soft corals are also considered non-reef builders, but some species, mostly from the genus Sinularia, are known to contribute to reef development through deposition of their sclerites (Jeng et al., 2011). Increased octocoral dominance has also been linked with by the decrease in diversity or biomass of associated organisms such as fishes and arthropods, but more recent studies report otherwise. For example, Syms and Jones (2001) reported lower coral reef fish biomass among soft coral-dominated areas compared to hard coral-dominated areas, but Epstein and Kingsford (2019) reported similar fish assemblages between hard coral- and soft coral-dominated reefs and an increase in fish species richness with increasing soft coral cover. Epstein and Kingsford (2019) suggested that the importance of soft corals as a habitat may have been underestimated. The contrasting results of different studies in different areas highlight the need to conduct more investigations related to the ecological roles of alternative state organisms.

This study has demonstrated the spatial patterns in the octocoral assemblage of an ecologically and economically important area in the South China Sea. Although factors that contributed to the variations were not identified, results of this study serve as baseline information on the contribution of octocorals in coral reefs. With the generally lacking information on octocoral assemblages in different marine regions, we recommend the inclusion of octocoral variables in the long-term monitoring of coral reef community structures, complemented with measurements of important environmental variables. This can further improve our knowledge on the mechanisms that affect coral reef community structure in the area, which will provide effective frameworks for the management of these ecologically and economically important habitats.
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Nephtheidae 0.19 0.39 372 131 4.65
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Nephtheidae 1.80 24.28 29.12
Alcyoniidae 1.59 16.50 19.79
Xeniidae 0.94 12.18 14.61
Pag-asa

Holaxonia 0.79 22.01 33.09
Alcyoniidae 0.72 19.78 29.73
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Clavulariidae 0.10 0.44 10.06 1.04 16.95
Nephtheidae 0.10 0.11 3.11 1.22 5.24
Xeniidae 0.11 0.04 2.68 1.15 4.52
Sabina  Pag-asa
Nephtheidae 1.80 0.11 17.6 5.77 30.52
Holaxonia 2.06 0.79 13.44 2.31 23.30
Alcyoniidae 1.59 0.72 9.54 1.35 16.54
Xeniidae 0.94 0.04 9.28 5.53 16.10

Clavulariidae 0.08 0.44 4.15 0.91 19
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