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Abstract. Benthic foraminifera are good indicators for monitoring marine environmental pollution and 

recovery of marine ecosystem. In this study, high-throughput sequencing based on small subunit rDNA and 

rRNA amplifications was used to assess total and active benthic foraminifera diversity and community 

composition in intertidal sediments near China Resources Wenzhou Power Plant. The results showed that the 

closer to the power plant, the lower the diversity and richness of both total and active foraminifera are. The 

total assemblages had higher values of species diversity and richness than active communities. a total of 33 and 

25 foraminifera genera were identified using DNA-based and RNA-based HTS, respectively. The dominant 

genera included Vellaria, Stainforthia and Miliammina in total foraminiferal communities, and became 

Ammonia, Miliammina and Notorotalia in active foraminiferal communities at the station slightly away from 

the power plant; while only one dominant genus, Haplomyxa, was detected close to the power plant. 

Keywords: high-throughput sequencing, SSU rDNA and rRNA, active foraminifera, intertidal zone, 

heavy metals 

Introduction 

Zhejiang Province, located in the southeast coast of China, is an economically 

developed region in the Yangtze River Delta, which has active economy and strong 

demand for electricity (Zhang, 2012; Shen et al., 2022). Especially in Wenzhou, the 

economic development of the region is extremely rapid, and the power shortage has 

become a bottleneck restricting the economic development. In addition, the grid 

structure of south Zhejiang power grid is weak, and the power support is insufficient, 

which cannot ensure the safe, stable and economic operation of the power grid (Yang et 

al., 2000; Ge, 2006). China Resources Wenzhou Power Plant is located at the 

southernmost end of Zhejiang power grid, that is, the end of Zhejiang power grid. Its 

construction greatly optimized the structure of Zhejiang power grid, enhanced the 

stability and reliability of the power grid, which not only helped to ease the power 

shortage situation in Wenzhou, but also promoted the sustainable economic 

development of Wenzhou area. China Resources Wenzhou Power Plant Phase I project 

has a 2 × 1000 MW ultra-supercritical coal-fired generating unit (Hu, 2013). In May 

2014, both units were put into operation to generate electricity, and the maximum 

displacement of cooling water is 64.08 m3/s. The Phase II expansion project of China 

Resources Wenzhou Power Plant is located in the west of the Phase I plant. In this 

project, two 1000 MW ultra-supercritical coal-fired generating units will be expanded 
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and ultra-low emission facilities will be built simultaneously. The cooling water 

displacement of Phase II project is basically the same as that of Phase I project. 

Intertidal zone is located at the interface between the ocean and the land, which is an 

important type of marine ecosystem with abundant biological resources. This zone is 

significantly affected by water temperature, light, wave, tide, salinity and other ecological 

factors and human interference, which exhibits considerable spatial and temporal habitat 

heterogeneity at various scales (Meadows and Campbell, 1988; Kon et al., 2020). Benthic 

community is a representative ecological group in the intertidal zone, which can well reflect 

the environmental quality changes of the surrounding area (Blasco and Drake, 2008). 

Benthic foraminifera are unicellular protozoa that widely found on the surface of and within 

sediments (Tappan and Loeblich, 1988; Tarasova, 2006; Saraswati, 2021). Benthic 

foraminifera are characterized by small size, short life cycle, high species diversity, wide 

distribution, good preservation potential in sediments and high sensitivity to various 

pollutants, which have been regarded as bio-indicators of marine pollution (Murray, 1991; 

Frontalini and Coccioni, 2011; Gómez-León et al., 2018; Youssef et al., 2021). 

Traditional method for identification and classification of benthic foraminifera was 

microscopic method, which mainly relies on their morphological characters (Vilela et al., 

2011; Parsaian et al., 2018; Bergamin et al., 2019). Since benthic foraminifera are small 

and highly diverse, morphological identification is not only time-consuming and 

laborious (Lecroq, 2014), but also might underestimate the diversity of benthic 

foraminifera (Medinger et al., 2010; Lecroq, 2014; Pawlowski et al., 2014). In addition, in 

some species, generational alternations or environmental influences lead to the emergence 

of two or three different morphotypes (Pawlowski, 2000), which cause difficulties in the 

identification and might result in a large number of inaccurate species descriptions. With 

the development of DNA sequencing technology, the high-throughput sequencing (HTS) 

approach provides an effective and convenient method for the identification of 

foraminiferal species (Lejzerowicz et al., 2013; Pawlowski et al., 2018; Li et al., 2020), 

which has greatly increased our understanding of benthic foraminiferal community 

structure and diversity in the sedimentary environment worldwide. 

In this study, we performed HTS of small subunit (SSU) rDNA and rRNA to 

investigate total and living benthic foraminifera in intertidal zone near China Resources 

Wenzhou Power Plant. The main objectives were to compare total and living benthic 

foraminiferal community structure and diversity, and explore the response of living 

foraminiferal assemblages to heavy metals. 

Materials and methods 

Site and sampling description 

This survey was conducted in intertidal zone near China Resources Wenzhou Power 

Plant (27.50°N, 120.66°E) on May 11, 2021 (Fig. 1). Station CN01 (27.60°N, 

120.66°E) is 11 km away from the power plant; and station CN02 (27.49°N, 120.69°E) 

is about 3 km from the power plant. The top ~1 cm of surface sediment was sampled for 

laboratory analyses. Three duplicate samples were collected at each station. 50 ml of 

sediment from each sample was separated immediately after collection and stored in 

centrifuge tubes. One tube was frozen in liquid nitrogen for foraminiferal community 

analysis, and the other was used for chemical analyses. 
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Figure 1. Location map of the study area and sampling stations 

 

 

Sample measurements 

Grain size fractions of sediments ranging from clay to sand with 0.25-phi intervals 

were detected using a Microtrac S3500 Particle Size Analyzer (Microtrac Ltd., USA). 

Concentrations of total nitrogen (TN) and total phosphorus (TP) were colorimetrically 

determined using ultraviolet spectrophotometer (Cary 50, Agilent Technologies Co. 

Ltd., USA) and visible spectrophotometer (V-1600BPC, Shanghai Mapada Instrument 

Co., Ltd., China). Organic carbon (OC) contents were measured using potassium 

dichromate volumetric method. The samples for heavy metal analysis were freeze-dried, 

homogenized, and reduced to a fine powder. The concentrations of Cu, Zn, Pb, Cr and 

Cd were analyzed using were determined by atomic absorption spectrometer 

(AA240FS, Agilent Technologies Co. Ltd., USA). The concentration of As was 

measured using atomic fluorescence spectrometer (Kylin-S12, Beijing Jitian Instrument 

Co., Ltd., China). The Hg concentration was analyzed using a Milestone DMA-80 direct 

mercury analyzer (Milestone, Italy). 

 

Risk assessments of heavy metals in intertidal sediments 

The degree of contamination (Cd) and potential ecological risk index (PERI) were 

important parameters used to evaluate assess heavy metals pollution in sediments 

(Hakanson, 1980; Zhuang and Zhou, 2021). Cd is calculated using Equation 1. 

 

  (Eq.1) 

 

  (Eq.2) 

 

where is the contamination factor of heavy metal i,  is the measured concentration 

of heavy metal i, and is the background concentration of heavy metal i. The 

background values of Cu, Zn, Pb, Cd, Cr, Hg and As in sediments from coastal waters 

of southern Zhejiang Province were 27, 104, 47, 0.124, 86, 0.045 and 10.4 mg/kg, 

respectively (Zhang et al., 2005). 
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The calculation formulas for PERI are Equation 3. 

 

  (Eq.3) 

 

  (Eq.4) 

 

where  is the potential ecological risk index of heavy metal i, and is the biological 

toxicity response factor of heavy metal i. The toxicity factors of Cu, Zn, Pb, Cd, Cr, Hg 

and As were 5, 1, 5, 30, 2, 40 and 10, respectively (Hakanson, 1980; Xu et al., 2008). 

The evaluation criteria of the , ,  and PERI were shown in Table 1. 

 
Table 1. Hakanson evaluation indexes of the contamination degree and potential ecological 

risk 

   PERI 

Range 
Degree of 

contamination 
Range 

Degree of 

contamination 
Range 

Potential ecological 

risk 
Range 

Potential ecological 

risk 

 < 1 Low  < 8 Low  < 40 Low  < 150 Low 

1-3 Moderate 8-16 Moderate 40-80 Moderate 150-300 Moderate 

3-6 Considerable 16-32 Considerable 80-160 Considerable 300-600 Considerable 

 ≥ 6 Very high  ≥ 32 Very high 160-320 High  ≥ 600 Very high 

     ≥ 320 Very high   

 

 

Extraction and sequencing of DNA and RNA 

Genomic DNA and RNA of the surficial sediment samples was extracted using a 

Fast DNA® SPIN Kit for Soil (MP Biomedicals, USA) and a Fast RNA® Pro Soil Direct 

Kit (MP Biomedicals, USA) following the manufacturer’s instructions, respectively. 

The concentration and quality of DNA and RNA were examined using a NanoDrop 

2000 (Thermo Scientific, USA), followed by agarose (1%) gel electrophoresis. The 

extracted DNA was temporarily stored at -20°C for subsequent experiments. The 

purified RNA was reverse-transcribed into cDNA using the SuperScript First-Strand 

Synthesis System with random hexamers for RT-PCR (Invitrogen, USA). The RNA and 

cDNA samples were stored at -80°C for subsequent experiments. 

The foraminiferal 18S rDNA and cDNA sequences were amplified using 

foraminiferal-specific primers s14F3 (5′-ACGCAMGTGTGAAACTTG-3′) and s17 (5′-

CGGTCACGTTCGTTGC-3′) (Pawlowski, 2000; Lejzerowicz et al., 2013). PCR 

amplification was performed in 20 μL reactions containing 10 μL of 2× Pro Taq, 0.8 μL 

of each primer at 5 μM, and 10 ng/μL of DNA template. The PCR reaction consisted of 

a pre-denaturation at 94°C for 1.5 min, followed by 25 cycles of denaturation at 94°C 

for 1 min, annealing for 1 min at 55°C and extension at 72°C for 45 s, immediately 

followed by an additional 10 cycles of denaturation at 94°C for 30 s, annealing for 30 s 

at 55°C and extension at 72°C for 2 min (Lejzerowicz et al., 2013; Li et al., 2020). The 

fragments were purified and sequenced on an Illumina MiSeq PE250 platform 

(Majorbio Bio-Pharm Technology Co., Ltd, Shanghai, China). Illumina sequencing raw 

DNA and cDNA data were submitted to the Sequence Read Archive (SRA) under the 

accession numbers SRP347799 and SRP347800, respectively. 
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Bioinformatic analysis 

The paired-end reads from the original DNA/cDNA fragments of each sample were 

joined using FLASH (version 1.2.11, https://ccb.jhu.edu/software/FLASH/index.shtml). 

Raw reads were quality-controlled using QIIME (version 1.9.1; 

http://qiime.org/install/index.html). OTUs (operational taxonomic units) were generated 

with 97% similarity cut-off using UPARSE (version 7.0.1090, 

http://www.drive5.com/uparse/). The representative sequences of each OTU were 

assigned to Protist Ribosomal Reference (PR2) database 

(https://github.com/pr2database/pr2database) using the Basic Local Alignment Search 

Tool (BLAST) (Guillou et al., 2013). Unannotated OTUs were further assigned to the 

National Center for Biotechnology Information (NCBI) database 

(http://www.ncbi.nlm.nih.gov) using BLAST. After taxonomic assignment, OTUs that 

could not be assigned to foraminifera were removed from the dataset. Finally, to enable 

statistical analyses and comparisons of data across all samples, standardization among 

samples was performed by randomly subsampling the OTU table to the number of 

sequences present in the sample with the lowest amount. Alpha diversity indices such as 

Shannon and Chao1 were analyzed using Mothur (version 1.30.2, 

https://www.mothur.org/wiki/Download_mothur). 

 

Data statistical analyses 

Statistical analysis of the data was performed using IBM SPSS Statistics 20.0 (IBM, 

Inc., Armonk, NY, USA), and a Mann-Whitney U Test for independent samples was 

used to analyze the significance of differences between the two sampling stations. 

p < 0.05 was considered as statistically significant. 

Results 

Environmental parameters 

The average grain sizes of sediments at station CN01 and CN02 were 17.44 μm and 

10.58 μm, respectively. The percentages of clay, silt, and sand were 9.25%, 88.00%, 

and 2.75% at station CN01; and 21.35%, 78.31%, and 0.34% at station CN02, 

respectively (Table 2). Generally, the sediments at station CN01 were coarser than those 

at station CN02. 

 
Table 2. The grain size and composition of sediments in intertidal zone near China 

Resources Wenzhou Power Plant 

Station Grain sizes (μm) Clay (%) Silt (%) Sand (%) 

CN01 17.44 9.25 88.00 2.75 

CN02 10.58 21.35 78.31 0.34 

 

 

TN, TP, OC and 7 heavy metals (Cu, Zn, Pb, Cd, Cr, Hg, and As) were measured, 

and their concentrations are presented in Table 3. The TN, TP and OC concentrations at 

station CN02 were higher than those at station CN01 (p > 0.05). The concentrations of 

Cu, Zn, Cd, Cr, Hg and As at station CN02 were higher than those at station CN01 

(p > 0.05), whereas the concentrations of Pb was slightly higher at station CN01 

(p > 0.05). 
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Table 3. Basic statistics of heavy metals in intertidal sediments near China Resources 

Wenzhou Power Plant 

Station 
TN 

(mg/kg) 

TP 

(mg/kg) 

OC 

(%) 

Cu 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cd 

(mg/kg) 

Cr 

(mg/kg) 

Hg 

(mg/kg) 

As 

(mg/kg) 

CN01 138 322 0.079 10 56 25 0.052 32 0.039 9.2 

CN02 435 451 0.43 14 68 24 0.070 43 0.047 9.3 

TN: total nitrogen; TP: total phosphorus; OC: Organic carbon (OC) 

 

 

At station CN01, the order of the values for the seven heavy metals was As 

(0.88) > Hg (0.87) > Zn (0.54) > Pb (0.53) > Cd (0.42) > Cr (0.37) = Cu (0.37). The 

value was 3.98 (Fig. 2a). Thus, station CN01 was lowly contaminated with heavy 

metals. The  values at station CN01 were in the following order: Hg (34.67) > Cd 

(12.58) > As (8.85) > Pb (2.66) > Cu (1.85) > Cr (0.74) > Zn (0.54). The PERI value 

was 61.89 (Fig. 2b), indicating that station CN01 was in a low ecological risk level. The 

order of the values of at station CN02 was Hg (1.04) > As (0.89) > Zn (0.65) > Cd 

(0.56) > Cu (0.52) > Pb (0.51) > Cr (0.50) (Fig. 2a). The results showed that station 

CN02 was lowly contaminated by heavy metals, except for Hg (moderate 

contamination). The value was 4.69 (Fig. 2a), indicating a low degree of 

contamination at station CN02. The values of  at station CN02 were as follows: Hg 

(41.78) > Cd (16.78) > As (8.94) > Cu (2.59) > Pb (2.55) > Cr (1.00) > Zn (0.65) 

(Fig. 2b), which indicated that Hg was at moderate potential ecological risks, while the 

other six heavy metals were at low potential ecological risks. The PERI value was 74.46 

(Fig. 2b), suggesting that station CN02 was in a low ecological risk level. 

 

  

Figure 2. Degree of contamination (a) and potential ecological risk index (b) of heavy metals in 

intertidal sediments near China Resources Wenzhou Power Plant 

 

 

High-throughput sequencing data 

A total of 780,944 raw reads were obtained using the high-throughput sequencing 

based on SSU rDNA and rRNA amplifications of all samples. After quality control of 

the raw reads, a total of 661,549 clean reads and 252 OTUs were obtained (Table 4). On 

the basis of the taxonomic information, 384,485 sequences were annotated to 

foraminifera, accounting for 3.39%–99.84% of total sequences (Table 4; Fig. 3). 
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Following the exclusion of Metazoa, Cryptophyta, and unclassified sequences, the 

remaining foraminifera sequences were randomly rarefied to 9692, which was used in 

further analyses of community composition and diversity. 

 
Table 4. The numbers of sequences in quality control analysis 

Samples Raw reads Clean reads Total OTUs Foraminiferal reads 

CN01 (DNA) 161,037 129,630 172 129,418 

CN01 (RNA) 244,027 187,045 102 186,941 

CN02 (DNA) 86,317 59,277 27 58,434 

CN02 (RNA) 289,563 285,597 22 9,692 

Sum 780,944 661,549 252 384,485 

Note: OTUs: operational taxonomic units 

 

 

 

Figure 3. Circular representation of sequences assigned to foraminifera and unclassified 

groups 

 

 

Foraminiferal diversity and community composition 

Foraminifera diversity and richness were estimated using the Shannon (Fig. 4a) 

Chao1 indices (Fig. 4b), respectively. The results showed that the total assemblages had 

higher values of species diversity and richness than those of active communities. In both 

total and active assemblages, the mean values of the Shannon and Chao1 indices of 

station CN01 were the higher than CN02. 

The total and active foraminiferal community composition in intertidal zone near 

China Resources Wenzhou Power Plant revealed by HTS is shown in Figure 5. At the 

class level, four classes, Globothalamea, Monothalamea, Nodosariata and 

Tubothalamea, were identified (Fig. 5a). At station CN01, the total foraminiferal 

communities were dominated by Monothalamea (42.75%), Globothalamea (36.19%) 
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and Tubothalamea (20.69%). However, Globothalamea was the most abundant class 

(56.13%), followed by Tubothalamea (31.86%) and Monothalamea (11.89%) in active 

foraminiferal communities. At station CN02, both total and active foraminiferal 

communities were dominated by Monothalamea, with relative abundance of 99.74% 

and 100.00%, respectively. At the order level, 7 foraminifera orders were identified 

(Fig. 5b). At station CN01, Allogromiida was the most abundant order in total 

foraminiferal communities, with relative abundance of 39.33%, followed by Rotaliida 

(27.09%) and Miliolida (20.69%). While, in active foraminiferal communities, the most 

abundant order was Rotaliida (55.98%), followed by Miliolida (31.86%). At station 

CN02, the relative abundances of unclassified Monothalamea were highest, accounting 

for 95.44% and 100.00% of the total and active foraminifera abundance, respectively. 

At the family level, 33 foraminifera families were identified (Fig. 5c). At station CN01, 

the total foraminiferal communities were dominated by Allogromiidae (37.60%), 

Stainforthiidae (17.07%) and Miliamminidae (16.39%). However, Ammoniidae was the 

most abundant family (41.76%), followed by Miliamminidae (31.20%) and 

Notorotaliidae (10.94%) in active foraminiferal communities. At station CN02, only one 

family, Reticulomyxidae, was dominated, with relative abundance of 95.44% and 

100.00%, respectively. At the genus level, 33 genera for total foraminifera and 25 

genera for active foraminifera were identified (Fig. 5d). At station CN01, the dominant 

genera included Vellaria (37.60%), Stainforthia (17.07%) and Miliammina (16.39%) in 

total foraminiferal communities, and became Ammonia (41.76%), Miliammina 

(31.20%) and Notorotalia (10.94%) in active foraminiferal communities. At station 

CN02, only one dominant genus, Haplomyxa, was detected, which contributed 95.44% 

and 100.00% of the total and active foraminifera abundance, respectively. 

 

  

Figure 4. OTU-level Shannon index (a) and Chao1 index (b) of total and active foraminiferal 

community 

Discussion 

Benthic foraminifera are good indicators for monitoring marine environmental 

pollution and recovery of marine ecosystem (Frontalini and Coccioni, 2008; Suokhrie et 

al., 2017; Klootwijk et al., 2021). During the past 20 years, molecular techniques based on 

analysis of DNA sequences offered new tools for the identification of foraminiferal 

species and studies of their diversity and distribution (Pawlowski, 2000; Pawlowski and 

Holzmann, 2002, 2008; Pawlowski et al., 2011, 2014; Moss et al., 2016; Li et al., 2020). 
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Unfortunately, DNA sequences could not distinguish between active and dead individuals 

(Qiao et al., 2022). In morphological methods, sediment samples are usually stained with 

Rose Bengal to recognize living individuals, but the effectiveness of this method is quite 

disputed (Murray and Bowser, 2000; Pawlowski and Holzmann, 2008; Schönfeld et al., 

2012). Ribosomal RNA (rRNA) is normally present in active cells and degrades rapidly 

in deceased cells (Segev et al., 2012). Therefore, RNA-based HTS might provide a new 

and efficient method for detecting active foraminifera (Pawlowski et al., 2014; Pochon et 

al., 2015). In present study, HTS based on SSU rDNA and rRNA amplification was used 

to evaluate total and active benthic foraminiferal community structure and diversity in 

intertidal sediments near China Resources Wenzhou Power Plant. 

 

  

  

Figure 5. Total and active foraminiferal community composition in the sediment samples at the 

class (a), order (b), family (c) and genus (d) levels 

 

 

In this study, a total of 33 and 25 foraminifera genera were identified using DNA-

based and RNA-based HTS, respectively. At station CN01, the dominant genera 

included Vellaria, Stainforthia and Miliammina in total foraminiferal communities, and 

became Ammonia, Miliammina and Notorotalia in active foraminiferal communities 

(Fig. 5d). Discrepancies between the two assemblages might have resulted from many 

aspects. First, the total assemblage not only included dead individuals but was also the 

record of several generations, while the active assemblage represented only a single 

generation. On one hand, active assemblages based on a single generation might 

underestimate species richness compared to total assemblages based on several 
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generations (Kidwell, 2001). On the other hand, total assemblages can capture rare and 

patchily distributed species that have accumulated over several years (Murray, 2006). 

This might partly explain why the total assemblages exhibited higher species diversity 

and richness than active communities (Fig. 4), as well as in previous studies (Mendes et 

al., 2013; Li et al., 2021). Second, taxonomic composition biases could arise from the 

over-representation of metabolically active foraminifera relative to species responding 

more slowly to environmental changes (Lejzerowicz et al., 2013). Previous studies have 

shown that rotaliids tend to respond more rapidly and consume fresh incoming organic 

matter at a higher rate than monothalamous foraminifera (Gooday et al., 2008; Enge et 

al., 2011), which could have an impact on a higher proportion of Rotaliids because 

active cells produce more RNA molecules than resting cells and thus tend to saturate the 

resulting sequence data, especially after exponential PCR amplification (Lejzerowicz et 

al., 2013). This is consistent with our work, which revealed a higher relative abundance 

of Rotaliida in active assemblages compared with the that of the total communities 

(Fig. 5b). Third, the discrepancy between the total and active foraminiferal communities 

might result from taphonomic processes and postmortem transportation (Alves Martins 

et al., 2018, 2019). On one hand, dissolution of calcareous tests and degradation of 

agglutinated tests could cause differences in the percentages of calcareous and 

agglutinated foraminifera between total and active assemblages (Alve and Murray, 

1997; Duros et al., 2012; Dessandier et al., 2018). Further studies are needed to 

determine the influencing conditions that cause variations in the relative abundance of 

individual species between total and living foraminiferal communities. On the other 

hand, the differences between the total and active assemblages might be influenced by 

hydrodynamic activity. Because active foraminifera are denser than detrital particles 

and empty tests of dead individuals, the latter are more easily suspended and transported 

by waves (Alves Martins et al., 2018, 2019). However, estimating the contribution of 

transported individuals to the total foraminiferal community was impossible because of 

the lack of sufficient evidence of the deposition of allochthonous individuals or the loss 

of autochthonous individuals. Lastly, changes in some of the main environmental 

factors, such as temperature, salinity, food supply, sediment type, and composition, 

might also make active communities different from total assemblages (Tarasova, 2006; 

Alves Martins et al., 2019). However, assessing the net effects of these factors when 

several environmental measurements are missing is difficult. 

Heavy metals are one of the most widely distributed pollutants in coastal waters 

(Martinez-Colon et al., 2009), which have a deleterious effect on benthic organisms, 

especially foraminifera (Boehnert et al., 2020). In general, the decrease of species 

diversity and abundance of foraminifera can be regarded as an important indicator of 

ecological deterioration (Tarasova, 2006; Bouchet et al., 2020). In the present study, the 

contamination level of heavy metals at station CN02 was higher than that at station 

CN01 (Fig. 2), and the relatively lower species richness and diversity of foraminiferal 

assemblages were observed at station CN02 compared to those obtained at station CN01 

(Fig. 4). The response of benthic foraminifera to environmental pollution was also 

expressed by morphological abnormalities and changes in chemical composition of the 

shell (Frontalini and Coccioni, 2008; Linshy et al., 2013; Ayadi et al., 2016; El-Kahawy 

et al., 2018; Boehnert et al., 2020; Cong et al., 2022). Unfortunately, they were not 

covered in this study. In addition, different species of benthic foraminifera have 

different tolerance to pollutants (Alve, 1991; Le Cadre and Debenay, 2006). Some with 

strong tolerance could rapidly reproduce to form dominant species, such as Ammonia 
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tepida, A. parkinsoniana, Aubignyna perlucida, Bolivina striatula, Cribroelphidium 

oceanensis, Eggerella scabra, Elphidium crispum, Hyanesina germanica, H. pacifica, 

Nonionella turgida, Protelphidium tuberculatum (Frontalini and Coccioni, 2008; 

Coccioni et al., 2009); Some that are highly sensitive to environmental pollution 

declined in abundance or even extinct, such as Adelosina spp., Buccella frigida, 

Cancris. auriculus, Cribrostoimoides subglobosus, Quinqueloculina spp., Uvigerina 

peregrina (Valenti et al., 2008; Jorissen et al., 2009). This difference might cause 

changes in the abundance, community composition of benthic foraminifera (Tarasova, 

2006; Klootwijk et al., 2021; Li et al., 2021). In this study, we found that Hg was at 

moderate potential ecological risks at station CN02 (Fig. 2), and the dominant genus 

was Haplomyxa at this station (Fig. 5). Therefore, we speculated Haplomyxa might 

have a tolerance for Hg. Future investigation needs to be conducted to decipher this 

speculative result. At station CN02, only one dominant genus was detected and 

contributed 95.44% and 100.00% of the total and active foraminifera abundance, 

respectively (Fig. 5). The following might also be related besides environmental factors. 

On the one hand, the taxonomic coverage in the foraminiferal gene database is 

incomplete (Lv, 2018; Qiao et al., 2022). The SSU rDNA sequences were lacking in the 

database for some foraminifera, which might be the reason of so many unclassified 

sequences in the HTS data of CN02 (RNA) (Table 4). Therefore, further efforts are 

required to develop the foraminiferal gene database to improve its taxonomic coverage. 

On the other hand, affected by environmental factors such as substrate type, food 

availability and predation, the benthic organisms inhabiting the intertidal zone are prone 

to aggregate on a small scale, which resulted in the patchy distribution of benthic 

organisms in the heterogeneous intertidal zone (Moodley et al., 1998; Braga et al., 2011; 

Zhang et al., 2019). As a result, coupled with the small size of benthic foraminifera, 

there might be a single species or a dataset with many “zero-counts” (Schlacher et al., 

2008). Therefore, sampling should be taken seriously and based on theoretical 

principles or standard methods with a sufficient number of samples; otherwise, the 

collected samples will have a large deviation from the estimated results (Beukema and 

Dekker, 2012; Zhang et al., 2019). 

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

sampling survey conducted on sediment samples collected from intertidal zone near 

China Resources Wenzhou Power Plant, and consequently, we have not been able to 

assess the temporal changes in the benthic foraminiferal community structure. 

Accordingly, it is necessary to carry out continuous monitoring surveys to explore the 

relationship between the seasonal and long-term foraminiferal variations and 

environment changes in this region. Nevertheless, the findings of this study do provide a 

useful foundation for future studies on the benthic foraminifera community composition 

and diversity using high-throughput sequencing technology. 

Conclusions 

In this study, the concentrations and contamination level of heavy metals in intertidal 

sediments near China Resources Wenzhou Power Plant were investigated. The results 

showed low ecological risk level of heavy metals in survey stations and moderate 

contamination by Hg at the station close to the power plant. The diversity and 

community composition of total and active benthic foraminifera were revealed using 

HTS based on SSU rDNA and rRNA amplification. The results showed that the closer 
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to the power plant, the lower the diversity and richness of both total and active 

foraminifera. The total assemblages had higher values of species diversity and richness 

than those of active communities. a total of 33 and 25 foraminifera genera were 

identified using DNA-based and RNA-based HTS, respectively. The dominant genera 

included Vellaria, Stainforthia and Miliammina in total foraminiferal communities, and 

became Ammonia, Miliammina and Notorotalia in active foraminiferal communities at 

the station slightly away from the power plant; while only one dominant genus, 

Haplomyxa, was detected at the close to the power plant. We speculated Haplomyxa 

might have a tolerance for Hg, and future laboratory culture studies under controlled 

conditions needs to be conducted to decipher this speculative result. 
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