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Abstract. Filtering bivalves consume microalgae throughout their life cycles, and for several decades, the 

selective feeding of bivalves on phytoplankton has been an active area of research in the fields of bivalve 

physiology and ecology. However, owing to the limitations of detection methods, there is comparatively 

little data available regarding the in situ food composition of suspension-feeding bivalves. In this study, 

conducted in December 2020, we used high-throughput sequencing of the 23S rRNA gene to characterize 

the phytoplankton community within the gut contents of the bivalves Meretrix meretrix and Scapharca 

subcrenata reared in the same aquaculture ponds. Phytoplankton from six phyla were identified in 

hepatopancreas samples obtained from M. meretrix, among which, Cyanophyta was found to be the 

predominant group, followed by Bacillariophyta. Seven phyla of phytoplankton were detected in the 

hepatopancreas samples obtained from S. subcrenata, among which, Cyanophyta and Chlorophyta were 

dominant. Ivlev’s electivity index was used to evaluate the feeding selectivity of the bivalves. The results 

indicated that M. meretrix showed a preferential selection for Cyanophyta and Bacillariophyta, whereas S. 

subcrenata preferentially selected Xanthophyta, Cyanophyta, and Chlorophyta. At the genus level, M. 

meretrix showed a preference for 12 genera, including Phormidium, Pleurocapsa, Skeletonema, 

Synechococcus, and Planktothricoides, whereas S. subcrenata showed a preferential selection for 16 

genera, including Tetraselmis, Pleurocapsa, and Planktothricoides. 
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Introduction 

Bivalves are the predominant mariculture species in China (Mao et al., 2019), with 

bivalve production in 2019 amounting to approximately 14.39 million tons, which 

accounted for more than 69% of China’s total mariculture production (CFSY, 2020). 

Bivalves not only affect phytoplankton community structure but also enhance sediment 

nutrient cycling via benthic–pelagic coupling (Newell, 2004; Smyth et al., 2013; 

Murphy et al., 2016), and accordingly play key functional roles in aquatic ecosystems. 

Bivalves can exert “top-down” grazer control on phytoplankton and filter other organic 

matter, thereby increasing the amount of light reaching the sediment surface, which in 

turn has the effect of reducing the dominance of phytoplankton production and 

extending the depth to which ecologically important benthic plants such as benthic 

microalgae can grow (Newell and Ott, 1999; Newell, 2004). Conversely, bivalves can 

also exert “bottom-up” nutrient control on phytoplankton production. The nitrogen and 
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phosphorus excreted by bivalves and regenerated from their biodeposits are recycled 

back into the water column, thereby supporting further phytoplankton production 

(Newell, 2004). Given their ecological and economic importance, suspension-feeding 

bivalves have been extensively studied. 

Meretrix meretrix and Scapharca subcrenata are important commercial bivalve 

species consumed in China (CFSY, 2020), for which live microalgae are a fundamental 

food source. In this regard, previous studies have revealed that bivalves are 

characterized by feeding selectivity (Ward and Shumway, 2004; Rosa et al., 2018). 

Certain bivalves have been found to distinguish their food from various types of 

particles, preferentially ingesting particles of a suitable size and nutrient content, while 

rejecting low-quality or unwanted material, thus optimizing energy intake (Ward and 

Shumway, 2004). Elucidating the food preferences of suspension-feeding bivalves is 

essential for enhancing existing models of bivalve growth and, consequently, to gain a 

better understanding of the dynamics of the ecosystems they dominate (Pales Espinosa 

et al., 2016). Accordingly, the mechanisms used by suspension-feeding bivalves to 

capture and ingest high-quality food from a mixture of particles of various sizes and 

physicochemical properties have for several decades been a major area of biological 

oceanographic research (Ward and Shumway, 2004; Rosa et al., 2018). 

Several methodological approaches, including microscopic examination, pigment-

based method, isotope labeling method, real-time fluorescent quantitative PCR (qPCR), 

have been adopted for assessing the selective feeding of bivalves (Ward and Shumway, 

2004; Rosa et al., 2018). In addition to being highly laborious and time-consuming, 

direct microscopy rarely enables accurate identification of similar taxa and small cells 

(Manoylov, 2014). In particular, food contents are often partially digested and 

morphologically altered, which accordingly hinders the acquisition of relevant 

information in the case of gut analyses (Sautour et al., 2000). Furthermore, pigment-

based methods are notably sensitive to pigment breakdown, and chlorophyll pigments 

tend to be broadly class-specific rather than specific to particular species (Irigoien et al., 

2004). In addition, pigment-based methods do not yield data for heterotrophic prey 

(Nejstgaard et al., 2008). Although the aforementioned two methods can be used in in 

situ studies, investigations of the selective feeding of bivalves have been hampered by 

the inaccurate and laborious identification and counting of microalgal species. Although 

isotopic labeling has been used to provide information on the feeding preferences of 

bivalves (Brillant and MacDonald, 2002; Fukumori et al., 2008), this technique is both a 

time-consuming and expensive approach to distinguishing microalgal species. 

Moreover, the use of stable isotope tracers does not precisely reflect the in situ food 

composition of predators in the natural environment (Schmidt et al., 2003). qPCR has 

the notable advantages of strong specificity, high sensitivity, good repeatability, and 

accuracy, and has been successfully applied to assess the selective feeding of bivalve 

larvae based on species-specific primers targeting microalgal 18S rDNA sequences 

(Liao et al., 2017). This technique is mainly used for qualitative and quantitative 

detection of known bait microalgae, which although suitable for ingestion experiments 

in the laboratory, cannot be effectively applied in characterizing the diets of bivalves in 

the natural environment. Consequently, the prevailing lack of information regarding in 

situ diets can largely be attributed to methodological deficiencies that have hindered our 

understanding of the selective feeding of bivalves. Nevertheless, in recent years, the 

rapid development of modern molecular biological techniques has offered new 

approaches for examining the in situ food composition of organisms (Jedlicka et al., 
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2017; Su et al., 2018). High-throughput sequencing is now more rapid, has higher 

throughput, is less costly, and has obvious advantages over the traditional methods of 

studying in situ bivalve diets. 

In this study, we performed high-throughput sequencing of the 23S rRNA gene to 

investigate the composition of phytoplankton in the hepatopancreases of M. meretrix 

and S. subcrenata reared in aquaculture ponds, along with samples of pond water and 

sediments. The objectives of this study were to analyze the composition of 

phytoplankton within the gut contents of M. meretrix and S. subcrenata, and thereby 

characterize the feeding selectivity of these two bivalve species on phytoplankton in the 

natural environment. 

Materials and methods 

Ethical statement 

All experiments conducted in this study were carried out in accordance with the Care 

and Use of Laboratory Animals guidelines formulated by the Ministry of Science and 

Technology of China. The protocol used in this study was approved by the Institutional 

Animal Care and Use Committee of Zhejiang Marine Fisheries Research Institute. 

 

Sample collection 

To examine the composition of phytoplankton potentially available as sources of 

food for the two bivalve species M. meretrix and S. subcrenata, we collected ambient 

four water samples and two sediment samples from two ponds at the Daishan Dongsha 

Aquafarm located in Zhoushan City, Zhejiang Province (30°18ʹ50ʺN; 122°8ʹ32ʺE), in 

December 2020. Control samples were collected from an area of the ponds devoid of 

bivalves. Biological samples of M. meretrix and S. subcrenata were collected 

simultaneously and stored at −4 °C for a short period of time prior to dissection. 

 

Sample preparation 

Samples of pond water (1 L) were filtered through 0.22 μm Millipore membranes, 

and membranes containing the filtered plankton were flash frozen and stored at −80 °C 

until used for DNA analysis. Sediment samples were sub-packaged into microtubes and 

stored at −80 °C until used for DNA analysis. To reduce diet profile differences among 

the bivalve individuals, the hepatopancreases of 10 individuals were pooled as a single 

composite sample for each pond, homogenized with a pestle in 5 mL microtubes, and 

stored at -80 °C until used for DNA analysis. 

 

High-throughput sequencing of phytoplankton and bioinformatic analysis 

Total genomic DNA was extracted from all samples using a FastDNA spin kit for 

soil (MP Biomedicals, OH, USA), following the manufacturer’s instructions. The 

quality of the DNA was verified by gel electrophoresis on 0.5% agarose gels, and DNA 

concentrations were determined using a NanoDrop spectrophotometer (NanoDrop 

Technologies, Wilmington, DE, USA). The primers p23SrV_f1 (5ʹ-GGA CAG AAA 

GAC CCT ATG AA-3ʹ) and p23SrV_r1 (5ʹ-TCA GCC TGT TAT CCC TAG AG-3ʹ) 

were used to amplify the 23S rDNA gene (Sherwood and Presting, 2007). Purified PCR 
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products were sequenced at Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, 

China) using the MiSeq platform (Illumina, San Diego, USA). 

The 23S rDNA sequences were processed using the QIIME (version 1.91) software 

package. The original sequence data were sorted into valid reads after demultiplexing 

and quality filtering, and the high-quality sequences thus obtained were clustered into 

operational taxonomic units (OTUs) with an identity threshold of 97%, using UPARSE 

(version 7.1 http://drive5.com/uparse/) with a novel “greedy” algorithm that performs 

simultaneous de novo-based chimera filtering and OTU clustering. The taxonomy of a 

representative sequence of each OTU was assigned using the Basic Local Alignment 

Search Tool (BLAST) in the NCBI database (http://www.ncbi.nlm.nih.gov). Following 

the exclusion of bacteria (all non-cyanobacteria) and unclassified sequences, 

phytoplankton sequences were selected for analysis of community composition based 

on taxonomic information. 

The sequencing data used in this study have been archived in the Sequence Read 

Archive (SRA) of the NCBI database under accession number SRP307598. 

 

Feeding selectivity analysis 

The selectivity of bivalves with respect to feeding on phytoplankton was evaluated 

using Ivlev’s electivity index (E) (Ivlev, 1961), calculated using the following formula: 

 

 E = (ri - pi)/(ri + pi) (Eq.1) 

 

In Equation 1, ri is the relative abundance of phytoplankton in the hepatopancreas 

sample from bivalves, and pi is the relative abundance of similar items in pond water. 

The calculated values of E range from -1.0 to + 1.0, with -1.0 ≤ E ≤ -0.3 indicating the 

avoidance or inaccessibility of a prey item, -0.3 < E < 0.3 indicating random selection 

from the environment, and 0.3 ≤ E ≤ 1.0 indicating active selection (Strauss, 1979; Puig 

et al., 2001). 

Results 

High-throughput sequencing data 

A total of 290,347 raw reads with an average read length of 368 nucleotides were 

obtained based on the high-throughput Illumina sequencing of all samples. After quality 

and chimera assessments and the removal of low-quality reads, a total of 263,314 clean 

reads and 334 OTUs were obtained (Table 1). Taxa were assigned to the representative 

sequences of each OTU using the NCBI database. On the basis of the taxonomic 

information thus obtained, the sequences were annotated to 20 different phyla (Fig. 1). 

In the control sample, Chrysophyta sequences accounted for the highest proportion of 

the total sequences (54.86%), followed by Chlorophyta (16.33%) and Cryptophyta 

(11.15%). In water samples, Cryptophyta showed the highest relative abundance 

(41.49%), followed by Chrysophyta (26.69%) and Chlorophyta (14.06%), whereas 

dominant phyla in the sediment samples were Cyanobacteria (56.88%) and 

Bacillariophyta (30.08%). In the hepatopancreas samples obtained from M. meretrix, 

Cyanobacteria (45.36%), and Proteobacteria (11.28%) were found to be dominant, 

whereas in samples obtained from S. subcrenata, Cyanobacteria (31.88%), Chlorophyta 

(23.89%), and Proteobacteria (13.67%) were predominant (Fig. 1). Following the 
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exclusion of bacteria (all non-cyanobacteria), zooplankton, macroalgae, and unclassified 

sequences, the remaining 216,910 sequences were assigned to the phytoplankton taxa 

(Table 1). The number of phytoplankton sequences was randomly rarefied to the 

number of sequences present in the sample with the lowest amount, which was used in 

further analyses of community composition and diversity. 

 
Table 1. The numbers of sequences in quality control analysis 

Samples 
Raw 

reads 

Clean 

reads 

Total 

OTUs 

Phytoplankton 

reads 

Control sample 62,630 54,962 152 52,716 

Water sample 62,914 55,651 175 54,314 

Sediment sample 64,269 55,506 219 51,362 

Hepatopancreas sample from Meretrix meretrix 47,655 46,595 78 26,854 

Hepatopancreas sample from Scapharca subcrenata 52,879 50,602 87 31,665 

Sum 290,347 263,314 334 216,910 

 

 

 

Figure 1. Circular representation of sequences assigned to 20 phyla and unclassified groups of 

phytoplankton 
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Phytoplankton community composition 

At the phylum level, we identified a total of nine phyla based on high-throughput 

sequencing, namely, Cyanophyta, Chrysophyta, Chlorophyta, Cryptophyta, 

Bacillariophyta, Euglenophyta, Dinophyta, Haptophyta, and Xanthophyta (Fig. 2a). In the 

control sample, Chrysophyta was found to be the predominant group, accounting for 

57.48% of the total phytoplankton community, followed by Chlorophyta (16.96%) and 

Cryptophyta (11.53%). In the water samples, Cryptophyta showed the highest relative 

abundance (46.00%), followed by Chrysophyta (25.39%) and Chlorophyta (14.21%), and 

in the sediment samples, Cyanophyta and Bacillariophyta comprised the largest 

proportions of phytoplankton, with relative abundances of 62.26% and 31.65%, 

respectively. No representatives of Xanthophyta were detected in sediment samples. In 

the hepatopancreas samples obtained from M. meretrix, only six phyla were identified, 

with Cyanophyta being the predominant group (76.36%), followed by Bacillariophyta 

(8.71%). No representatives of the phyla Dinophyta, Haptophyta, and Xanthophyta were 

detected in these samples. Seven phyla (excluding Euglenophyta and Haptophyta) were 

detected in the hepatopancreas samples of S. subcrenata, with Cyanophyta (60.22%) and 

Chlorophyta (32.08%) being characterized as the most prominent groups. 

At the genus level, we identified 57 genera based on high-throughput sequencing. In 

the control sample, Pseudopedinella was found to be the predominant group, accounting 

for 57.34% of the total phytoplankton, followed by Ostreococcus (13.37%). In the water 

samples, Teleaulax and Pseudopedinella represented the largest proportions of 

phytoplankton, with relative abundances of 43.48% and 25.28%, respectively, whereas 

large proportions of Synechococcus (55.52%) and Skeletonema (18.89%) were present in 

the sediment samples. In the hepatopancreas samples obtained from M. meretrix, 

Synechococcus (40.53%) and Phormidium (16.47%) were the predominant genera, 

whereas large proportions of Planktothricoides, Tetraselmis, Pleurocapsa, and 

Synechococcus were detected in the hepatopancreas samples obtained from S. subcrenata, 

with relative abundances of 25.46%, 24.75%, 20.95%, and 10.27%, respectively 

(Fig. 2b). 

 

Feeding selectivity of bivalves 

The feeding selectivity of bivalves on phytoplankton was evaluated based on Ivlev’s 

electivity index (Fig. 3). At the phylum level, the index values indicated that M. 

meretrix showed preferential selection for Cyanophyta (0.80) and Bacillariophyta 

(0.68), whereas it tends to avoid Dinophyta (-1.00), Haptophyta (-1.00), Xanthophyta (-

1.00), Cryptophyta (-0.81), Chrysophyta (-0.77), and Chlorophyta (-0.44), and appears 

to consume Euglenophyta according to availability. Comparatively, S. subcrenata was 

found to preferentially select Xanthophyta (0.82), Cyanophyta (0.75), and Chlorophyta 

(0.39), but appeared to avoid Euglenophyta (-1.00), Haptophyta (-1.00), Dinophyta (-

0.92), Cryptophyta (-0.84), Chrysophyta (-0.79), and Bacillariophyta (-0.70). At the 

genus level, M. meretrix showed a preference for 12 genera and a neutral response to 28 

genera (Table 2), whereas S. subcrenata showed a preferential selection for 16 genera 

but a neutral response to 27 genera (Table 2). Among the dominant genera in the 

samples (Fig. 2b), M. meretrix appears to actively select Phormidium (1.00), 

Pleurocapsa (0.98), Skeletonema (0.89), Synechococcus (0.68), Planktothricoides 

(0.48), and avoids Pseudopedinella (-1.00), Tetraselmis (-1.00), Ostreococcus (-1.00), 

and Teleaulax (-0.89). S. subcrenata actively selects Tetraselmis (1.00), Pleurocapsa 
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(0.99), Planktothricoides (0.99), and avoids Pseudopedinella (-1.00), Ostreococcus (-

1.00), Teleaulax (-0.88), and Skeletonema (-0.37), whereas Synechococcus is selected 

according to availability. 

 
Table 2. Selectivity of Meretrix meretrix and Scapharca subcrenata for phytoplankton at the 

genus level. Symbols “+”, “-” and “/” indicates active selection, avoidance and random 

selection, respectively 

Genus M. meretrix S. subcrenata 

Synechococcus  +  / 

Pseudopedinella - - 

Teleaulax - - 

Pleurocapsa  +   +  

Skeletonema  +  - 

Planktothricoides  +   +  

Tetraselmis -  +  

Ostreococcus - - 

Phormidium  +  / 

Eutreptiella / - 

Cyanobium  +   +  

Picochlorum  +   +  

Haslea - - 

Gloeotilopsis  +   +  

Microchloropsis  +   +  

Micromonas - - 

Halamphora - - 

Nostoc  +  - 

Kryptoperidinium - - 

Proteomonas / / 

Chrysochromulina - - 

Actinocyclus - - 

Synechocystis  +   +  

Lyngbya -  +  

Microcoleus  +  / 

Pyramimonas - - 

Oscillatoria /  +  

Anabaena /  +  

Jaaginema -  +  

Nitzschia - - 

Cyanobacterium /  +  

Pseudoscourfieldia - / 

Bathycoccus - - 

Vaucheria /  +  

Chondrocystis /  +  

Lusitaniella /  +  

Thermosynechococcus - - 

Trichodesmium - - 

Nephroselmis - - 

Heterosigma - - 

Marsupiomonas - - 

Picocystis - - 

Euglena - - 

Tisochrysis - - 

Mychonastes - - 

Spirulina - - 

Resultomonas - - 

Dangeardinia - - 
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Figure 2. Relative abundance of taxa in the phytoplankton community at the phylum (a) and 

genus (b) levels identified using high-throughput sequencing. The size of the circles shows 

proportions of sequences from each sample 

 

 

        

Figure 3. Heatmaps showing bivalve feeding selectivity on phytoplankton at the phylum (a) and 

genus (b) levels 
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Discussion 

During the course of their lifetime, bivalves feed exclusively on Phytoplankton, the 

availability of which is a key factor in determining growth and development, and is also 

an important factor affecting the sustainable development of aquaculture. The accuracy 

and precision of the methods used to analyze diets make an important contribution to 

theoretical studies of feeding, which is also vital to the application of research results in 

the practice of ecological aquaculture. In recent years, there have been notable advances 

with respect to the methodology used for dietary analyses (Leray et al., 2013; Leal et al., 

2016; Hirai et al., 2017), with high-throughput sequencing being increasingly more 

widely used by researchers, given its high efficiency. A number of marker genes 

(including 16S rRNA, 18S rDNA, and ITS) have been employed to characterize the 

feeding habits and intestinal microbial communities of aquatic animals (Borsodi et al., 

2017; Su et al., 2018; Yeh et al., 2020). The universal plastid amplicon (UPA), a fragment 

of the plastid 23S rRNA gene, can be used not only to eliminate the interference of 

bivalve host genes but also to identify both eukaryotic algae and cyanobacteria, which are 

widely used to study phytoplankton community structure and diversity (Sherwood and 

Presting, 2007; Li et al., 2016; Qiao et al., 2019). In the present study, we used sequences 

of the 23S rDNA gene as a marker, analyzed based Illumina sequencing, to assess the 

feeding preference of M. meretrix and S. subcrenata on phytoplankton in the same 

aquacultural ponds, knowledge of which is essential for gaining an understanding of 

aquatic food webs and facilitating the ecosystem-based management of aquaculture. 

In this study, we identified six phytoplankton phyla in hepatopancreas samples 

obtained from M. meretrix (Fig. 2a), among which, Cyanophyta was found to be the 

predominant group, followed by Bacillariophyta. Comparatively, seven phyla were 

detected in the hepatopancreas of S. subcrenata, with Cyanophyta and Chlorophyta 

featuring predominantly (Fig. 2a). In this regard, previous studies of the gut contents of 

more than 200 bivalve species (Hunt, 1925; Nelson, 1927, 1947; Hillman, 1965) have 

indicated that diatoms constitute the primary food source of bivalves (Rosa et al., 2018). 

We speculate that the disparity between these findings and those of the present study 

could be attributable to differences in the detection methods used. A majority of the 

previous studies have tended to use traditional microscopic techniques, amongst which 

light microscopy has notable limitations with respect to the identification and 

classification of phytoplankton with small cell sizes, particularly pico-sized and some 

small nano-sized phytoplankton (Manoylov, 2014; Qiao et al., 2019). In the present 

study, we identified the two algal genera Synechococcus and Phormidium as being 

dominant in the hepatopancreas samples obtained from M. meretrix, the diameters of 

which have previously been determined as ranging from 0.6 to 2.1 μm (Herdman et al., 

2001) and 0.7 to 6.3 μm (Marquardt and Palinska, 2007), respectively. In the 

hepatopancreas samples from S. subcrenata, we detected large proportions of the genera 

Planktothricoides, Tetraselmis, Pleurocapsa, and Synechococcus. Previous studies on 

the ultrastructure of Planktothricoides, Tetraselmis, and Pleurocapsa have shown that 

these three algal genera have respective length and width dimensions of 1.86 to 5.96 μm 

and 2.83 to 13.70 μm; 6 to 16 μm and 4 to 10.5 μm; and 1.5 μm and 0.2 μm (Wujek, 

1979; Hori et al., 1986; Tawong, 2017). Given these size ranges, these algae could 

easily evade detection by light microscopy. In recent years, an increasing number of 

studies have examined the contributions of picoplankton and other small particles 

(<4 μm) to bivalve growth (LeBlanc et al., 2012; Strøhmeier et al., 2012; Sonier et al., 

2016). These picoplankton are operationally defined as particles ranging in size from 
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0.2 to 2 μm, among which are included cyanobacteria and small eukaryotes that can 

numerically dominate the seston (Rosa et al., 2018). Consequently, it is quite 

conceivable that the contribution of pico-sized and small nano-sized phytoplankton to 

bivalve energetics is notably higher than previously reported. 

Different bivalves have been found to have differing feeding preferences (Rosa et al., 

2018). For example, Shumway et al. (1985) have applied flow cytometric techniques 

(FCM) to study particle capture in Ostrea edulis and demonstrated that this species 

preferentially captures the dinoflagellate Prorocentrum minimum over a similarly sized 

diatom (Phaeodactylum tricornutum) and cryptophyte (Chroomonas salina). In juvenile 

scallops of three species (Placopecten magellanicus, Patinopecten yessoensis, and 

Argopecten irradians) simultaneously fed a total of six algal clones, clearance rates 

were monitored using FCM, the results of which indicated that in scallops fed natural 

assemblages of particles, clearance rates varied between species, with Placopecten 

generally having higher uptake rates for all three size classes of particles (3–5 μm, 5–

8 μm, > 8 μm) followed by Argopecten and Patinopecten. For the 8-μm size class of 

particles, Argopecten was found to have the highest clearance rate (Shumway et al., 

1997). In laboratory feeding experiments conducted by Tang et al. (2006), of the 

authors provided M. meretrix with five different species of marine microalgae 

(Isochrysis galbana, Dunaliella sp., Phaeodactylum tricornutum, Platymonas 

subcordiformis, and Pavlova viridis), both singly and in various mixtures, and 

accordingly found that the larvae of this bivalve were characterized by selective feeding 

behavior, with a preference for I. galbana. In the present study, we found that M. 

meretrix showed a clear preference for Cyanophyta (Phormidium, Pleurocapsa, 

Synechococcus) and Bacillariophyta (Skeletonema), whereas S. subcrenata 

preferentially selected Xanthophyta (Vaucheria), Cyanophyta (Pleurocapsa and 

Planktothricoides), and Chlorophyta (Tetraselmis) (Fig. 3; Table 2). 

The selective feeding of bivalves on phytoplankton is potentially associated with 

multiple factors, including cell size and shape and the quality, quantity, and availability of 

food (Tang et al., 2006; Chen et al., 2015; Rosa et al., 2013, 2015, 2018). Feeding 

selectivity based on particle size has been found to differ among bivalve species, and is 

probably dependent on bivalve ctenidial architecture and laterofrontal cilia/cirri 

microstructure (Rosa et al., 2018). In this regard, mussels have a filibranchiate 

homorhabdic ctenidium with large compound laterofrontal cirri that are highly efficient 

with respect to capturing particles ranging in size from 4 μm to 10 μm (Riisgård, 1988; 

Rosa et al., 2015, 2018). Compared with mussels, oysters have a pseudolamellibranchiate 

heterorhabdic ctenidium with well-developed laterofrontal cirri (Owen and McCrae, 

1976; Ribelin and Collier, 1977), which generally have a higher capture efficiency for 

particles that are larger in size by more than 3 μm (Rosa et al., 2018). Moreover, scallops 

have a filibranchiate heterorhabdic ctenidium with a single row of laterofrontal cilia 

(Owen and McCrae, 1976; Beninger, 1991) and have been reported to have low capture 

efficiency for 2–7 μm particles (Møhlenberg and Riisgård, 1978; Riisgård, 1988). 

In addition to cell size, the feeding behavior of some bivalves might also be 

associated with a requirement for certain essential nutrients (Caers et al., 1999; Tang et 

al., 2006; Chen et al., 2015). For example, studies have shown that higher 

eicosapentaenoic acid and arachidonic acid levels in the diet appear to have a positive 

effect on the total hemocyte count, granulocyte percentage, phagocytic rate, oxidative 

activity, and immunity of bivalves (Delaporte et al., 2003, 2006). Microalgae commonly 

used as aquaculture feeds include Phormidium, Skeletonema, Thalassiosira, 
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Tertraselmis, Pavlova, Isochrysis, and Nannochloropsis, which are noted for their high 

nutritional value, particularly their high contents of polyunsaturated fatty acids (Muller-

Feuga et al., 2003; Thajuddin and Subramanian, 2005). In addition, phytoplankton 

motility may influence the feeding preferences of bivalves. In the present study, we 

observed that both M. meretrix and S. subcrenata appeared to avoid consuming 

Pseudopedinella and Teleaulax (Fig. 3; Table 2), even though these two genera were 

predominant groups in the assessed water samples (Fig. 2b). The phytoplankton in these 

two genera are characterized by flagella, which play an important motility-related role 

by pulling cells in a forward direction (Heimann et al., 1989; Laza-Martínez et al., 

2012; Gerea et al., 2016). This motility presumably enables the cells to evade capture by 

bivalves, and conceivably accounts for their higher relative abundance in water samples. 

It should be noted that the findings of the present study are based on only a single 

sampling survey conducted on water samples and organisms collected from aquaculture 

ponds, and consequently, we have not been able to assess differences in the feeding 

selectivity of bivalves during different periods of aquaculture. Accordingly, it is 

necessary to carry out continuous monitoring surveys to examine differences in the 

feeding selectivity of different bivalve species during the different stages of culture. 

Nevertheless, the findings of this study do provide a useful foundation for future studies 

on the feeding selectivity of bivalves in natural environments using high-throughput 

sequencing technology. 

Conclusions 

In this study, we performed high-throughput sequencing to characterize the 

phytoplankton compositions of water and sediments and gut contents of the bivalves M. 

meretrix and S. subcrenata in samples collected from aquaculture ponds. In the water 

samples, we found Cryptophyta to have the highest relative abundance, followed by 

Chrysophyta and Chlorophyta, whereas in sediment samples, Cyanophyta and 

Bacillariophyta comprised a large proportion of the phytoplankton population. 

Phytoplankton within six phyla were identified in hepatopancreas samples obtained 

from M. meretrix, among which, Cyanophyta was found to be the predominant group, 

followed by Bacillariophyta. Similarly, we detected seven phyla of phytoplankton in 

hepatopancreas samples obtained from S. subcrenata, among which, Cyanophyta and 

Chlorophyta predominated. Using Ivlev’s electivity index to evaluate the feeding 

selectivity of the two bivalve species, we established that M. meretrix preferentially 

selects phytoplankton within the phyla Cyanophyta and Bacillariophyta, whereas S. 

subcrenata was characterized by a preference for Xanthophyta, Cyanophyta, and 

Chlorophyta. At the genus level, M. meretrix showed a preference for 12 genera, 

including Phormidium, Pleurocapsa, Skeletonema, Synechococcus, and 

Planktothricoides, whereas S. subcrenata preferentially selects 16 genera, among which 

were Tetraselmis, Pleurocapsa, and Planktothricoides. In the future study, it is 

necessary to carry out continuous monitoring surveys to examine differences in the 

feeding selectivity of different bivalve species during the different stages of culture. 
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