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Both beach seine (BS) and line transect-based underwater visual census (UVC) methods were applied to investigate fish assemblages of the West Sand (Xisha Islands, South China Sea) seagrass meadows and their relationship with seagrass coverage. The West Sand seagrass meadows were divided into four survey areas, two (areas A and B) to the north and two (areas C and D) to the south. The average seagrass coverages (%) in the north were significantly higher than those in the south (p < 0.05). The dominant seagrass species is Thalassia hemprichii, contributing to over 70% substrate coverage in all four areas. A total of 843 individuals from 25 fish species belonging to 22 genera, 11 families, and ten orders were recorded, with five species obtained by both BS and UVC methods. The labrids Halichoeres trimaculatus and Stethojulis strigiventer were the only two species that dominated (index of relative importance IRI > 500) in both BS and UVC methods. Fish assemblages among the four areas were significantly different (BS, p = 0.002; UVC, p = 0.002); area A was significantly different from areas B−D (p < 0.05), which was mainly driven by the variation in H. trimaculatus density. Furthermore, fish assemblages of the four areas (abundance data) revealed by both BS (r2 = 0.8455) and UVC (r2 = 0.9354) methods showed high correlation with the seagrass coverage. The majority of the individuals (>93%) recorded by BS and UVC methods were shorter than the total length at maturity (TLm), with 80.36 and 46.13% of individuals less than half the sizes of their TLm, respectively. Our results, for the first time, proved the importance of seagrass meadows at the West Sand as fish nursery grounds. The ecological roles of seagrass habitats in South China Sea merit further investigation.
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INTRODUCTION
Seagrass meadows, as an important part of coastal and estuarine ecosystems, mainly form in tropical and subtropical coastal and shallow reef regions (Short et al., 2011; Syukur et al., 2017; Carmen et al., 2019). Seagrass habitats support over 20% of the global largest industrial and small-scale fisheries as nursery grounds (Unsworth et al., 2018). The colonization of seagrass meadows has been proved to promote the increase in sediment mud and organic matter contents, as well as the abundance and richness of macrofaunal communities (Lundquist et al., 2018). Seagrass meadows are beneficial to the retention of eggs and spawning by mitigating the turbulent hydrodynamics (Short et al., 2011; Costa et al., 2020).
Fishes, especially coral reef fishes, usually utilize different habitats at different life stages due to the requirement of food and shelter (Galaiduk et al., 2018; Sambrook et al., 2019; Berkström et al., 2020). The high overlap (40–43%) in fish richness between coral reefs and vegetative habitats (seagrass and macroalgal habitats) indicates their important roles in homing fishes (Sambrook et al., 2019). Many coral reef fishes spend part of their lifetime in seagrass meadows as nursery, refuge, and foraging grounds (Honda et al., 2013; Whitfield, 2016; Parsons et al., 2018). Compared with coral reefs, juvenile fishes have higher densities and survival and growth rates in seagrass meadows, indicating the important nursery function of this habitat (Nagelkerken et al., 2002; Nakamura et al., 2012; Moussa et al., 2020). Seagrass meadows provide structural complexity as shelter, rich small food, and protection for juvenile fishes (Cullen-Unsworth and Unsworth, 2013).
Different seagrass meadow structures harbored distinct fish assemblages. For example, larger fishes could benefit from the open space below an Amphibolis griffithii leaf canopy, while small fishes could conceal in the foliage of Posidonia sinuosa (Hyndes et al., 2003; Sambrook et al., 2019). Meanwhile, fishes are also beneficial to the seagrass habitats through their ecological niche, especially in the transportation of nutrients and energy between different habitats and ecosystems (Burkepile et al., 2013). However, seagrass meadows have suffered great degradation from anthropogenic influences and natural disasters due to their vulnerability (Halpern et al., 2008), and attempts and measures for their conservation and restoration are essential (Carmen et al., 2019; Orth et al., 2020).
In Chinese waters, 22 seagrass species (four families and 10 genera) have been recorded among the 72 species being recorded globally (Short et al., 2011; Zheng et al., 2013; Huang et al., 2016). Seagrass meadows in China were divided into two geographic bioregions, i.e., the South China Sea Bioregion in southern China and the Bohai Sea and Yellow Sea Bioregion in northern China. The former was greater in terms of the number of species and cover area (Shi et al., 2010; Zheng et al., 2013). In the South China Sea Bioregion, 15 seagrass species were recorded, with Thalassia hemprichii dominant in Hainan and Taiwan, and Halophila ovalis was the most widely distributed in Hainan, Guangdong, Guangxi, Taiwan, and Hong Kong (Shi et al., 2010; Zheng et al., 2013). Seagrass meadows have been threatened by anthropogenic activities in southern China, including Hainan, Guangdong, and Guangxi (Huang et al., 2006). At Xisha Islands (15°47′–17°08′ N, 110°10′–112°55′ E), South China Sea, five seagrass species were recorded, namely, T. hemprichii, H. ovalis, H. minor, H. beccarii, and Thalassodendron ciliatum, and there was no information on Nansha Islands (Fan et al., 2009; Zheng et al., 2013).
Despite the important ecological services of seagrass meadows, studies regarding the fish nursery function of this important habitat in the South China Sea are few. To our best understanding, there was only one study that presented a photo evidence to document the importance of seagrass habitats as a juvenile fish refuge at Xisha Islands (Du et al., 2020). Clearly, further studies such as detailed and statistical data on fish assemblage are essential to provide robust evidence to support the importance of seagrass meadows for juvenile fishes.
The Qilianyu cluster of Xisha Islands consists of eight islands, with the West Sand being the only one significantly surrounded by a large area of seagrass meadows. The aims of this study were to examine the current status of the seagrass meadows at the West Sand in terms of both seagrass species diversity and coverage, to evaluate the fish assemblages in seagrass meadows using beach seine (BS) and line transect-based underwater visual census (UVC) methods, and to analyze the correlation between seagrass coverage and fish assemblage. The fish nursery function of the seagrass meadows at the West Sand is also discussed.
MATERIALS AND METHODS
Study area background
The Qilianyu cluster (Xisha Islands, South China Sea) consists of eight islands, namely, the West Sand, Zhaoshu Island, North Island, Middle Island, South Island, North Sand, Middle Sand, and South Sand (Figure 1A). The Qilianyu cluster is mainly influenced by a tropical oceanic monsoon climate with an average annual temperature of approximately 26.5°C (24–29°C) and characterized by irregular semidiurnal tides (Huang et al., 2008; Wu et al., 2018).
[image: Figure 1]FIGURE 1 | (A) Location of the Qilianyu cluster (red balloon), Xisha Islands, South China Sea. (B) The four survey areas A–D at West Sand. (C) Beach seine method (BS). Red lines indicate the 12 random 20-m line transects in a survey area. (D) Line transect-based underwater visual census method (UVC). The red line indicates one of the fourteen 10-m line transects in a survey area.
The West Sand and Zhaoshu Island are grouped into the same reef (Wu et al., 2018; Sun et al., 2021). The West Sand is an uninhabited island that has an estimated land area of 0.26 km2 and 2.1-km coastline (Jia et al., 2019) and is significantly surrounded by dense seagrass meadows. The seagrass meadows extend at least 100 m from the shore.
Survey method and design
Around the West Sand, four survey areas (A−D) were set with each approximately 27,500 m2, and the separation between each survey area was at least 200 m (Figure 1B). The fish assemblages in the seagrass meadows were investigated using BS and UVC methods in each survey area in December (winter) 2019. Samplings were conducted during daytime when the tide started to rise and the water depth was less than 1.5 m.
A trapezoid-shaped BS was used, with 6 m in upper side width, 4.5 m in lower side width, 0.9 m in height, and 4 mm in mesh size. A total of twelve 20-m line transects were randomly set in each survey area, and the distance between two transect lines was about 20 m. The BS was manually hauled by two people along each transect line against the coastline (Figure 1C). The sampling area of each haul was about 90 m2 (4.5 m × 20 m). Before every haul, there was a waiting time of at least 5 min to minimize any disturbance to fishes. All collected fishes were put in labeled plastic hermetic bags and immediately stored in cooler boxes with ice. In the laboratory, each individual was measured for the total length (TL, in mm), standard length (SL, in mm), and body weight (BW, in g). Each individual was identified to the species or genus level if possible according to the external morphological features (Fu, 2014; Allen et al., 2015; Fang and Lv, 2019) and the classification system followed Nelson et al. (2016).
UVC surveys were conducted using a GoPro Action video recorder. A total of fourteen 10-m line transects were randomly deployed in each survey area. The diver swam above the 10-m line transect and recorded the types of substrates at every 10-cm interval, i.e., a total of 100 recording points on each 10-m line transect. The seagrass coverage (%) was then calculated as the number of points with seagrass/100 points × 100. Following the substrate line transect, there was at least 5 min of waiting time to minimize the disturbance to fishes, and then the fish recording was performed. The diver swam above the 10-m line transect slowly with a speed controlled at 3–5 m per minute and recorded all fishes with a recording area of about 20 m2 (i.e., 1-m width on both sides of the 10-m line transect) (Figure 1D). The fish density (ind./m2) per 10 m line transect was calculated as the number of individual fishes/20 m2. Fish identification was conducted to the lowest taxonomic level as possible (see above), and the body sizes of recorded fishes were estimated with TL and categorized into size at every 5-cm TL interval (e.g., 0–5.0 cm, 5.1–10.0 cm, 10.1–15.0 cm).
For each species obtained by BS and UVC methods, the body size (TL) at sexual maturity (TLm) was collected from FishBase (www.fishbase.org). For the species only available with standard length (SL) at sexual maturity (SLm), the transformation to TLm was based on the relationship of TL and SL (www.fishbase.org). For the species only identified at the genus level, TLm was not applicable.
DNA Barcoding to Identify Juvenile Fish Species
DNA barcoding was also applied to ascertain the species identification of the early the juvenile fish samples. At least one specimen of each of the morphologically identified species that were collected from beach seine was randomly selected for DNA barcoding using partial sequences of cytochrome c oxidase subunit I (COI) gene. A piece of skeletal muscle was isolated from each specimen for genomic DNA extraction using Chelex® 100 resin following the instruction manual (Bio-Rad Laboratories, Inc., United States). Polymerase chain reaction (PCR) was conducted in a total volume of 25 μl, including 20 ng DNA template, 1 unit of Ex Taq DNA polymerase (Takara), 0.5 µM reverse and forward primers, 0.2 mM mixed dNTPs, 1.5 mM MgCl2, and 1 × PCR buffer (pH 8.4, 200 mM Tris-HCl and 500 mM KCl). Partial sequences of cytochrome c oxidase subunit I (COI) gene were amplified using three forward primers, VF1 (5′-TCT​CAA​CCA​ACC​ACA​AAG​ACA​TTG​G-3′, Ivanova et al., 2006), Fish F1 (5′-TCA​ACC​AAC​CAC​AAA​GAC​ATT​GGC​AC-3′, Ward et al., 2005), and Fish F2 (5′-TCG​ACT​AAT​CAT​AAA​GAT​ATC​GGC​AC-3′), in combination with two reverse primers, Fish R1 (5′-TAG​ACT​TCT​GGG​TGG​CCA​AAG​AAT​CA-3′) and Fish R2 (5′- ACT​TCA​GGG​TGA​CCG​AAG​AAT​CAG​AA-3′) from Ward et al. (2005). PCR cycling conditions are as follows: 95°C for 2 min; 39 cycles of 95°C for 30 s, 51°C for 30 s, and 72°C for 45 s; and 72°C for 2 min. PCR products were purified and sequenced by BGI Ltd. (Hong Kong) with the Sanger sequencing method. Raw sequences were assembled using Geneious Prime v11.0.911 (Biomatters Ltd.). Identification of the assembled COI partial sequences was performed using BLAST to search against the GenBank nucleotide database of the National Center for Biotechnology Information (NCBI) and Barcode of Life Data System (BOLD).
Data analysis
The number of individual fishes per haul (x) collected using the BS method was log(x + 1) transformed to meet the assumptions of homogeneity of variance and normality prior to univariate analysis. Then, one-way ANOVA was applied to detect the spatial difference among survey areas. A non-parametric test (Kruskal–Wallis ANOVA) was used for comparisons of other variables/datasets, i.e., the number of individual fishes per 10-m line transect recorded using the UVC method, density (ind./m2) by BS and UVC, biomass (g/m2) by BS, and seagrass coverage (%), because these datasets were not normally distributed even after numerous transformations (Kolmogorov–Smirnov normality test, p < 0.05).
The index of relative importance (IRI) was applied to determine the dominant species (Pinkas et al., 1971). A species is considered dominant when IRI ≥ 500 (Wei and Huang, 2020). For the BS method, IRI was calculated as (N% + W%) × F%. For the UVC method, IRI was calculated as N% × F%. N%, W%, and F% are the relative individual, weight, and frequency of occurrence, respectively.
A Bray–Curtis similarity matrix was constructed based on the log(x + 1)-transformed fish density to reduce the influence of rare and dominant species (Clarke and Green, 1988). Subsequently, a permutational multivariate analysis of variance (PERMANOVA) was performed to test the difference in fish communities between survey areas and methods, which was visualized using non-metric multidimensional scaling (nMDS) ordination plots (Clarke, 1993; Anderson, 2005). Similarity percentage (SIMPER) analysis was used to compare the species and their contributions to the variations in fish communities. The relationship between seagrass coverage and fish abundance was detected using canonical analysis of principal coordinates (CAP).
RESULTS
Fish species
A total of 843 individuals from 25 species belonging to 22 genera, 11 families, and ten orders were recorded (Supplementary Table S1). Fourteen species (belonging to 13 genera and eight families) were captured using the BS method, and 16 species (belonging to 14 genera and seven families) were observed using the UVC method; five species were recorded in both methods, namely, Chrysiptera biocellata, Halichoeres trimaculatus, Parupeneus barberinoides, Stethojulis bandanensis, and S. strigiventer (Figure 2A; Supplementary Table S1). Labridae was the most dominant family with eight species recorded.
[image: Figure 2]FIGURE 2 | Fish species compositions in the four survey areas A–D using BS and UVC methods at West Sand. (A) Species composition. (B) The number of species at the family level. (C) Species specificity and similarity among the four areas using the BS method. (D) Species specificity and similarity among the four areas using the UVC method. BS, beach seine; UVC, underwater visual census. The numbers above bars and the solid black spots in (C) and (D) indicate the specificity and similarity in the number of species that occurred.
All specimens collected by the BS method in the four survey areas A−D were identified to species level via morphological and molecular approaches, except for a single specimen of Petroscirtes which could only be identified to the genus level. The partial COI sequences obtained were deposited in NCBI GenBank with accession numbers MZ539887−MZ539934 (Supplementary Table S1); they were 98–100% identical to the corresponding reference sequences on NCBI GenBank and BOLD. H. trimaculatus and S. bandanensis were captured in all four survey areas (Supplementary Table S1). Labridae consisted of 42.86% of the total number of species collected (Figure 2B). The highest species number (11 species) was recorded in area C; six species were collected only in area C, and one species was collected only in areas A, B, and D, respectively (Figure 2C).
By the UVC method, H. trimaculatus and S. strigiventer were observed in all four survey areas (Supplementary Table S1). Labridae and Pomacentridae accounted for the highest proportion of the total number of species, together up to 100% in area C (Figure 2B). Area B was the highest in species number (12 species); four species were recorded only in area B, two species were found only in area D, and one species was found only in area A and area C (Figure 2D).
Three dominant species, H. trimaculatus, S. bandanensis, and S. strigiventer, were determined with IRI > 500 (Table 1). In particular, H. trimaculatus was the primary dominant species in three of the four survey areas of the BS method and in all four survey areas of the UVC method.
TABLE 1 | Dominant species determined by the index of relative importance (IRI) ≥ 500.
[image: Table 1]Abundance and body size
A total of 494 individuals were collected from the four survey areas A−D using the BS method (Figure 3A; Supplementary Table S1). H. trimaculatus (319 individuals), S. bandanensis (49 individuals), and S. strigiventer (94 individuals) together contributed 93.52% of the total number of individuals. Area C had the highest number of individuals (18.92 ± 24.78 ind./haul), which was significantly higher than that in area A (6.50 ± 11.66 ind./haul) (one-way ANOVA, p < 0.05). No significant difference was detected among other areas (p > 0.05 or p > 0.15). Nearly all the individuals (99.80%) were shorter than their TLm, and 80.36% of the total individuals were less than half the sizes of their TLm (Supplementary Table S2). For the three dominant species, many individuals were smaller juveniles (≤5.0 cm TL), i.e., 52.66% for H. trimaculatus, 77.55% for S. bandanensis, and 21.28% for S. strigiventer (Figure 3B).
[image: Figure 3]FIGURE 3 | (A) The number of individuals by area and by species and (B) the proportion of individuals with sizes (total length TL, cm) compared to the size at 50% of sexual maturity (TLm) using the BS method. (C) The number of individuals by area and by species (D) and the proportion of individuals with sizes (TL, cm) compared to the size at 50% of sexual maturity (TLm) using the UVC method.
A total of 349 individuals were recorded using the UVC method (Figure 3C; Supplementary Table S1). Two species, H. trimaculatus (231 individuals) and S. strigiventer (65 individuals), contributed 84.81% of the total number of individuals. The mean number of individuals per 10-m line transect was 7.43 ± 8.08 in area A, 8.43 ± 8.63 in area B, 5.36 ± 5.97 in area C, and 3.71 ± 6.71 in area D. No significant difference in the number of individuals per transect was found among the four survey areas A−D (Kruskal–Wallis ANOVA, p > 0.15). Most individuals (93.70%) were shorter than their TLm, and 46.13% of the total individuals were less than half the sizes of their TLm (Figure 3D; Supplementary Table S3).
Density and biomass
The mean fish densities using the BS method were 0.07 ± 0.13 ind./m2 in area A, 0.09 ± 0.09 ind./m2 in area B, 0.21 ± 0.28 ind./m2 in area C, and 0.08 ± 0.12 ind./m2 in area D. Fish density was not significantly different among the four survey areas A−D (Kruskal–Wallis ANOVA, p > 0.05, Figure 4A). The mean biomasses were 0.20 ± 0.38 g/m2 in area A, 0.16 ± 0.16 g/m2 in area B, 0.48 ± 0.66 g/m2 in area C, and 0.11 ± 0.17 g/m2 in area D. Spatial variations in biomass were also not significantly different among the four areas A-D (Kruskal–Wallis ANOVA, p > 0.05, Figure 4B).
[image: Figure 4]FIGURE 4 | (A) Density (ind./m2) and (B) biomass (g/m2) of fish species collected using the BS method. (C) Density (ind./m2) of fish species using the UVC method.
The mean densities using the UVC method were 0.37 ± 0.40 ind./m2, 0.42 ± 0.43 ind./m2, 0.27 ± 0.30 ind./m2, and 0.19 ± 0.34 ind./m2, in areas A, B, C, and D, respectively. No significant differences in fish density were found among the four areas A-D (Kruskal–Wallis ANOVA, p > 0.15, Figure 4C).
Overall, Labridae had the highest density and biomass, contributing over 90% in density and 79% in biomass using the BS method and over 80% in density using the UVC method. For both BS and UVC methods, S. strigiventer had the highest density and biomass in area A, while H. trimaculatus had the highest density and biomass in areas B−D.
Seagrass coverage and spatial structure of fish assemblages
There are two seagrass species at the West Sand, namely, H. ovalis and T. hemprichii. The mean seagrass coverages (%) in area A (96.86 ± 3.61%) and area B (91.79 ± 6.27%) were significantly higher than those in area C (72.71 ± 12.85%) and area D (74.50 ± 13.84%) (Kruskal–Wallis ANOVA, p < 0.05, Figure 5A). The absolute dominant species was T. hemprichii, contributing to >99% seagrass coverage in areas A and B and >97% in areas C and D (Figure 5B). Other substrates included sandy bottom, macroalgae, and coral colonies (Figure 5A).
[image: Figure 5]FIGURE 5 | (A) The average substrate coverages (%) and (B) variations in seagrass coverage and T. hemprichii coverage of 10-m line transects (N = 14) in the four survey areas A−D at West Sand.
Fish assemblages recorded using BS and UVC methods had significant difference (PERMANOVA pairwise test, p = 0.001). Fish assemblages had significant differences among the four areas (PERMANOVA; BS, p = 0.002; UVC, p = 0.002), with area A being significantly different from areas B−D in both BS and UVC methods (PERMANOVA pairwise tests: p < 0.05) (Figures 6A,B). Furthermore, the fish assemblages of the four areas from both BS (r2 = 0.8455) and UVC (r2 = 0.9354) showed high correlation with the seagrass coverage (%) using CAP analysis (Figures 6C,D).
[image: Figure 6]FIGURE 6 | Differences in fish assemblages among the four areas A–D: (A) BS method and (B) UVC method. CAP plot showing the correlation between seagrass coverage (%) and fish abundance: (C) BS method and (D) UVC method.
SIMPER analysis revealed the fish species contributing the difference between areas. High dissimilarity of fish assemblages between areas was detected in BS (>61%) and UVC (>58%) methods (Table 2). More than 90% of dissimilarity across areas was contributed by five and 12 species from BS and UVC, respectively. Variations in fish assemblages between areas were mainly driven by the changes in the density of H. trimaculatus (BS: > 43%; UVC: > 40%).
TABLE 2 | Contributory influence of fish species on the dissimilarity between fish assemblages using BS and UVC methods (cumulated contribution >90%).
[image: Table 2]DISCUSSION
Survey methods
Multiple stereo video-based and net-based methods have been commonly applied to quantify fish assemblages in nearshore waters and to further understand the ecological characteristics of fishes (Bortone et al., 1989; Saleh et al., 2020). However, fish assemblages collected by different survey methods, e.g., baited and unbaited remote underwater video (BRUV; URUV), diver-operated video (DOV), UVC, BS and beam trawling, have marked differences due to their intrinsic selection (Guest et al., 2003; Horinouchi et al., 2005; French et al., 2021). Thus, application of multiple methods has been suggested to complement each other to better assess fish assemblages, e.g., in seagrass habitats (Harmelin-Vivien and Francour, 1992; Baker et al., 2016; French et al., 2021).
This study showed that BS and UVC methods were able to sample different fish assemblages within the same area of seagrass meadow, supporting the necessity of using combined sampling methods. Our samplings took place over a relatively large surveyed area (approximately 27,500 m2 per survey area) and separated by a sufficient distance apart from each haul and each line transect; therefore, the sampling made the replicates to be not likely performed repeatedly over the same point and thus minimized the operating impact on seagrass habitats. UVC combined with line transect and video application is believed to pose less disturbance to the ecosystem; however, it has constraints in size estimation (Edgar et al., 2004), which is crucial in evaluating the nursery services of seagrass meadow. The relatively clear water (visibility about 15 m) and short length of seagrass leaves (H. ovalis and T. hemprichii) at the West Sand could reduce the potential of missing secretive species.
Seagrass meadows and fish assemblages
Two seagrass species were recorded at the West Sand, with T. hemprichii identified as the dominant species. T. hemprichii was also reported as a dominant seagrass species in the southern Philippines (Espadero et al., 2021). Interestingly, both studies reported that the family Labridae was the dominant fish taxon in these “T. hemprichii-dominating” seagrass meadows. In another study, the canopy height of seagrass meadows was proved as the paramount indictor for the density and species richness of juvenile fishes in the east coast of Zanzibar Island, Tanzania (Gullström et al., 2008). The seagrass diversity and 3-dimensional seagrass structure have great influence on fish assemblages (Hori et al., 2009; Park and Kwak, 2018). The species-specific association between the certain fish species and seagrass species would deserve further investigations.
Fish abundance can be associated with seagrass coverage. For example, in the Venice Lagoon (Italy), the abundance of Nerophis ophidion and Syngnathus typhle (Syngnathidae) was strongly correlated with seagrass coverage as revealed by canonical correspondence analysis (CCA) (Franco et al., 2006). Our results also proved the high correlation between seagrass coverage and fish abundance using both BS and UVC methods. Compared with unvegetated habitats, seagrass meadows showed not only higher fish abundance and species richness but also higher growth and survival rates (Heck et al., 2003). The morphological characteristics and the structural complexity of seagrass meadows had great influence on regulating fish assemblages (Gullström et al., 2008). Fish density and species diversity are much higher in seagrass meadows than those in unvegetated sandy bottoms (Larkum et al., 1989). According to an experiment conducted on Barker Inlet/Port River Estuary (Australia), the fish abundance in seagrass meadows even after the removal of seagrass canopy was higher than that in unvegetated areas (Connolly 1994). Hori et al. (2009) proved that the seagrass species diversity, vegetation, and canopy height of seagrass meadows affected greatly the abundance, biomass, and richness of associated fish assemblages using canonical correlation analysis (CCoA). Furthermore, fishes inhabiting the surface, inside, and bottom of seagrass meadows greatly correlated with seagrass meadow characteristics (e.g., biomass, richness, and canopy height of seagrass species) (Hori et al., 2009). This interesting topic merits further investigation.
The variations in fish assemblages between daytime and nighttime were reported. For example, higher species richness, abundance, and biomass of piscivorous fishes were found in nighttime in a seagrass bed of northern Japan (Tanaka et al., 2018). Some piscivorous fishes, Eleginus gracilis (Gadidae), Sebastes schlegelii (Sebastidae), and Myoxocephalus brandtii (Cottidae), swam to seagrass habitats from adjacent ecosystems for feeding in the night and consequently increased the predation risk for small fishes in seagrass beds (Tanaka et al., 2018). A higher proportion of large individuals were collected using seine nets in nighttime compared to that in the daytime in Zostera capricorni seagrass habitats in Moreton Bay, Australia (Guest et al., 2003). In the seagrass habitats dominated by T. testudinum in the coast of Quintana Roo, Mexico, higher fish abundance and species richness were collected in daytime using visual surveys (Yeager and Arias-Gonzalez, 2008). In this study, dominant species, H. trimaculatus, S. bandanensis, and S. strigiventer, all from Labridae, contributed most to the variations of fish assemblages in the daytime at the West Sand, all feeding on benthic invertebrates (e.g., crustaceans, mollusks, polychaetes). The comparison of fish assemblages between daytime and nighttime needs to be taken into account in future studies.
Ecological services of seagrass meadows
This study documented the importance of seagrass meadows at the West Sand as fish nursery grounds. A high number of juvenile fishes were detected in seagrass meadows of the West Sand; i.e., approximately 99.80% and 93.70% individuals were juveniles using BS and UVC methods, respectively. Moreover, 80.36% and 46.13% of total individuals collected by BS and UVC methods were earlier-stage juveniles, less than half the sizes of their TLm, respectively. Three dominant fish species, H. trimaculatus, S. bandanensis, and S. strigiventer, were realized to be primarily dominant with the major proportion of juveniles <5 cm TL. In a previous study using the UVC method in the lagoon, the coral reef habitat, between the West Sand and Zhaoshu Island with a water depth of 2–5 m, H. trimaculatus was also one of the dominant species, with some individuals beyond the size of sexual maturity based on the external morphology (Yang et al., 2018, data not shown). H. trimaculatus was, however, not a dominant species outside the lagoon, the same coral reef habitat, with 9–12 m in depth (Yang et al., 2018).
The fish nursery function of seagrass meadows has raised attention (Nordlund et al., 2018; Fulton et al., 2020). For example, 83.23% juveniles of H. trimaculatus collected from the seagrass and seaweed beds in New Caledonia were of small sizes, i.e., 1/3 to 2/3 of their TLm (Mellin et al., 2007). In the northern Sulawesi, Indonesia, over 93% individuals sampled from the seagrass meadows using the BS method were juveniles (Du et al., 2018). Using the UVC method, Moussa et al. (2020) reported that 73% of the observed individual fishes were juveniles in the seagrass beds at the coast of Mayotte Island, Indian Ocean. Gerard et al. (2015) showed that about 98% of Lutjanus griseus juveniles inhabited seagrass habitats based on carbon- and nitrogen-stable isotope and otolith analyses.
Other ecological services of seagrass meadow, such as breeding grounds and foraging grounds, were also reported. In Liusha Bay, southern China, Stethojulis trilineata laid their eggs on the entire leaf of H. ovalis and primarily fed on seagrass in winter, indicating the important spawning and early life stage feeding roles of seagrass for fishes (Jiang et al., 2020). In Plaridel and Laguindingan, the Philippines, at least 17 species foraged in seagrass beds with rising tides (Espadero et al., 2020). Fishes are also beneficial to seagrass habitats through their ecological niche, especially in the transportation of nutrients and energy between different habitats and ecosystems (Burkepile et al., 2013). These ecological services mentioned above may be also provided by seagrass meadows around the West Sand and could be analyzed in subsequent research studies.
CONCLUSIONS
The status of seagrass meadows and its association with fish assemblages in the South China Sea have been largely unknown. In this study, we applied for the first time two complementary methods (non-destructive method: UVC; destructive method: BS) to analyze fish assemblages in seagrass meadows at the West Sand. Our results revealed that more than 90% of the fish samples were undersized at sexual maturation, and most of them (about 80% by the BS method and 46% by the UVC method) were smaller juveniles (i.e., less than half the sizes of their TLm). Fish assemblage data collected from BS and UVC methods were significantly different. However, both methods have detected Labridae as the dominant group; the three dominant species, H. trimaculatus, S. bandanensis, and S. strigiventer, were nearly all juveniles. High correlations were detected between fish assemblage and seagrass coverages from both BS and UVC methods. The significant spatial difference in fish assemblage among areas A−D was mainly driven by the spatial variations in the density of dominant species. Our results support the ecological importance of seagrass meadows as nursery grounds for coral reef fishes. The roles of seagrass meadows as fish spawning grounds and the habitat shifts from seagrass meadows to nearby coral reefs with the developmental life stages merit further evaluation.
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