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Abstract
Studies on secondary production can lead to a better understanding of the functions of the 
macrobenthic ecosystem. To determine the secondary production and production-to-biomass 
ratio (P/B) of the macrobenthic community in the northern East China Sea, we conducted annual 
investigations in the northern East China Sea from 2012 to 2016. In this study, the secondary 
production and P/B values of the macrobenthic community in the northern East China Sea, 
China, were described and analysed using PCA and Spearman rank correlation analysis. A total 
of 61 species were collected and identified, and the results showed that Polychaeta was the most 
speciose group. The polychaete Sternaspis scutata and holothurian Acaudina molpadioides were 
found to be the most important contributors to the total abundance and total biomass across all 
sampling areas and years. The Spearman rank correlation analysis indicated that community 
abundance was positively correlated with depth but negatively correlated with dissolved oxygen 
(DO) and suspended solids (SS). The P/B was much lower than that found in previous reports 
from this area, mainly due to the collection of large individuals of Acaudina molpadioides from 
Sanmen Bay. The low P/B value also indicated that more effort and time are needed to 
rehabilitate the benthic marine ecosystem in this area.
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Introduction

As the largest marginal sea in the western North Pacific, the East China Sea has a large 

continental shelf and high productivity (Liu et al. 2010, Ohshimo et al. 2016). The East China 

Sea, especially its northern part, is strongly influenced by coastal (e.g., Yangtze River diluted 

water) and oceanic (e.g., the Kuroshio Current and the Taiwan Warm Current (Gong et al. 1996, 

Ichikawa and Beardsley 2002)) inflows. Yangtze River diluted water is a major source of nitrate 

and silicate to the coastal East China Sea and flows in a southeastward direction along the 

coastline in winter with a high nutrient area confined to the west of 123°E. In summer, Yangtze 

River diluted water spreads eastward into the East China Sea via a thin surface layer as the 

runoff from the Yangtze River peaks, and the intrusion of the enhanced Taiwan Warm Current 

becomes an important supplemental source of phosphate (Fan and Song 2014). All of these 

factors make this area the largest and most famous Zhoushan Fishery Fishing Ground in China. 

This fishing ground used to be the largest fishery area in China, producing over 500,000 tons of 

fishery volume in 1997. The fished species included 360 species of fish, 60 of shrimp, 11 of crab

and 134 of mollusk (Ni and Lu, 2002, Zhao et al. 2015). However, the northern region of the 

East China Sea is subject to severe anthropogenic disturbances and environmental changes due 

to the large human population and intense human activities.

Macrobenthic invertebrates have been emphasized in the research on marine ecosystem 

dynamics since they play a crucial role in the structure and function of marine ecosystems (Brey 

2012, Shojaei et al. 2016), energy flow (Fuhrmann et al. 2015) and the coupling of the benthos, 

pelagic organisms and habitats (Li et al. 2005). Their community structure can be used as a long-

term indicator for monitoring coastal pollution and organic accumulation (Han et al. 2013). More

recent studies have been carried out in the northern East China Sea, including studies on the 
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compositions of and variations in the macrobenthic communities, macrofaunal biomass and 

secondary production.

Secondary production can be defined as the formation of heterotrophic biomass through 

time, and annual secondary production is defined as the sum of all biomass produced 

(“production”) by a population in one year (Benke and Huryn 2017). Secondary production has 

been a topic of interest for ecologists since the 1960s (Benke and Huryn 2010) because it 

integrates dynamic population processes such as growth, recruitment and mortality, as well as 

biotic and abiotic interactions in a population (Dolbeth et al. 2012). The amount of secondary 

production and its distribution between populations are measures of trophic position and linkage 

in aquatic food webs (Benke 2011). As a key parameter of ecosystem function and a powerful 

tool in aquatic ecology (Brey 2012, Dolbeth et al. 2012), macrobenthic secondary production can

be used to study energy-biomass flows (Dolbeth et al. 2012), assess ecosystem function, 

particularly when subjected to strong anthropogenic and climatic stress (Lange et al. 2004, Reiss 

et al. 2009, Dolbeth et al. 2012), indicate the quality of the ecosystem and health of the 

population (Brey 2012) and evaluate the impacts of non-indigenous species (Dolbeth et al. 2012, 

Fuhrmann et al. 2015). However, the research on macrobenthic secondary production has been 

limited (Li et al. 2005), particularly in the East China Sea. From 2012 to 2016, we carried out a 

series of field investigations on the macrobenthos in the northern East China Sea. For the present

study, our objectives were to survey the macrobenthic community composition, calculate 

production-to-biomass ratio (P/B) based on these data, and analyze relationships between P/B 

and environmental variables.
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MATERIALS AND METHODS

Study area and macrofauna sampling

This research was carried out bimonthly in the northern East China Sea. Sediment samples were 

collected from a total of 21 stations in the northern East China Sea from 2012 to 2016, with the 

exception of D42 in 2014 and D35 in 2015 (Fig. 1). The sampling depths ranged from 6.3 m in 

Sanmen Bay (D39) to 46.8 m (D32) in the offshore region of the northern East China Sea. The 

sampling regime followed a random design in the following three areas: Xiangshan Bay, Sanmen

Bay and the offshore region. At each site, three samples were collected using a 0.1 m2 Van Veen 

grab. Two of these samples were washed in situ through a 0.5 mm round mesh screen to collect 

all macrobenthic organisms, and the filtered macrobenthos was preserved in 95% ethanol for 

analysis in the laboratory. The third sample was used to analyse the characteristics of the 

sediment. Near-bottom water samples were also collected in situ for further analysis of nutrient 

content. The depth, temperature, salinity and dissolved oxygen (DO) of the ambient seawater 

were measured onsite by a Yellow Springs Instruments water quality meter (YSI, Ohio, USA). 

The chlorophyll a (Chl) was determined by fluorescence spectrophotometry. The grain size was 

measured using a Mastersizer 2000 Laser Particle Sizer (Malvern Instruments Limited, UK), and

the detailed grain sizes were described by the terms sand (64 µm-2000 µm), coarse silt (16 µm-

64 µm), fine silt (4 µm-16 µm) and clay (<4 µm) (Folk and Ward 1957). The chemical oxygen 

demand (COD) was determined using titration via the acid potassium permanganate method. 

Total organic carbon (TOC), total nitrogen (TN) and total phosphorus (TP) were examined using

a Vario MICRO cube (Elementar, Germany).

Calculation of the P/B and secondary production

The annual somatic production-to-biomass ratio (P/B, y-1) in the northern East China Sea was 

computed for each taxon at each sampling station using an empirical artificial neural network 
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model (ANN model). The backpropagation-type ANN model consisted of 20 input nodes, two 

hidden nodes (H), and one output node, i.e., log(P/B), and the network was parameterized as 

follows: log(P/B)=a0 + a1 × H1 + a2 × H2” (for more detailed information on the model, see 

Brey 2012). The model, version 01-2012, was implemented in a Microsoft Excel spreadsheet and

can be freely accessed via www.thomasbrey.de/science/virtualhandbook. The biomass data (g 

wet weight m-2) were converted into energy values (J m-2) with the established conversion factors

compiled in Brey (2001) and Brey et al. (2010), which are also available in a Microsoft Excel 

worksheet (version 04-2012) on the above website. The functional feeding mode, habit and 

motility were determined following Fauchald & Jumars (1979), Pagliosa (2005), Macdonald et 

al. (2010) and Jumars et al. (2015). If conversion factors were not available for wet weight or wet

weight with shells at the species level, the next higher taxonomic level, e.g., family or order, was

used. Finally, the macrobenthic secondary production (kJ m-2) was estimated from the P/B 

multiplied by the biomass of the respective taxon at each station or in each subarea. The average 

water temperature in the investigated area was calculated using the temperatures measured three 

times per day, at 8:00, 14:00 and 20:00, in Sanmen Bay (close to D43), Xiangshan Bay (close to 

D30) and the offshore region (close to D24 and D28).

The Plymouth routines in multivariate ecological research (PRIMER 6.0) and PASW 

Statistics 18.0 were used for statistical analyses. A one-way analysis of variance (ANOVA) and 

Duncan’s multiple comparisons were conducted to examine the differences in the number of 

species in different bays using PASW Statistics 18.0. Principal component analysis (PCA) was 

performed to identify the dominant environmental factors. The environmental variables were 

normalized prior to applying PCA. Spearman rank correlations were calculated between 

macrobenthic indices (abundance, biomass, body mass, secondary production and P/B) and 
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sediment parameters [clay, depth, DO, temperature, and salinity] using the PASW Statistics 18.0 

package. A confidence interval of 95% was set for all tests.

RESULTS

Species composition, abundance and biomass

A total of 1,234 specimens were collected throughout the sampling period, comprising 61 

species, 54 genera, 47 families and 6 phyla. Polychaeta was the most speciose group, with 22 

species (38.3%), followed by Mollusca, with 14 species (25.4%), Crustacea, with 14 species 

(24.9%), Echinodermata, with 6 species (6.2%), and 5 taxa (5.3%) from other phyla, including 

Cnidaria, Nemertea, and Sipuncula. The number of species in Xiangshan Bay was significantly 

lower than that in Sanmen Bay and the offshore region from 2012 to 2016 (P=0.001, F2, 12=13.5, 

one-way ANOVA). However, the numbers of species in Sanmen Bay (Table 1) and the offshore 

region were not significantly different (P=0.131, F1, 8=2.8, one-way ANOVA).

The total abundance showed that the macrobenthic community consisted of Polychaeta 

(55.0%), Crustacea (8.4%), Mollusca (19.0%), Echinodermata (11.8%) and other groups 

(5.92%). The 8 most abundant species composed 65.7% of the total abundance when all 

sampling periods and areas were pooled. Among the sampling periods, the polychaetes 

Sternaspis scutata (Ranzani, 1817) and Aglaophamus dibranchis (Grube, 1877) were the most 

abundant and prevalent species (Table 2). These two species comprised 20.8% and 7.6% of the 

total abundance, respectively. Meanwhile, Acaudina molpadioides (Semper, 1867) and 

Protankyra bidentata (Woodward et Barrett, 1858) were the most important contributors to 

biomass, accounting for 45.2% and 21.2% of the total biomass, respectively. The mean 

abundance, biomass, secondary production and P/B across all sampling stations and years were 

58.76 ind. m-2, 19.63 g ww m-2, 7.62 g ww m-2 y-1 or 26.76 kJ m-2 y-1 and 0.39 y-1, respectively.
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Crustacea was the most productive group, with a P/B of 1.74 y-1 and was the second 

greatest contributor to the total community productivity. However, Echinodermata contributed 

the most to the total production despite its low P/B of 0.10 y-1, and the P/B was especially low 

for Acaudina molpadioides (Semper, 1867) (P/B=0.07). This large, discretely mobile, deposit-

feeding species had overwhelmingly large biomass when compared with other macrobenthic 

taxa, composing 45.2% of the total biomass across all sampling seasons and areas. Of all 

Echinodermata, Acaudina molpadioides strongly contributed in only the samples collected from 

Sanmen Bay, but Protankyra bidentata and Ophiura kinbergi were collected throughout the 

investigated area. Polychaeta also contributed greatly to the total production, with a high P/B of 

1.36 y-1 and was the most abundant taxonomic group. Mollusca mainly included small 

individuals, with a P/B of 0.99 y-1. The other taxa, e.g., Cnidaria, Nemertea and Sipuncula, were 

also important contributors to the total production, with low P/B values of 0.35 y-1, 1.07 y-1 and 

0.13 y-1, respectively.

Temporal and spatial community variations

The investigated area was divided into three subareas by grouping the stations; these subareas 

were Xiangshan Bay (n=4), Sanmen Bay (n=8) and the offshore region (n=9). ANOVA was 

conducted to test for significant differences in the community abundance, biomass, secondary 

production and P/B values (Table 2). The macrobenthic abundance did not significantly differ 

among these three subareas (P=0.648, F2, 12=0.45). The ANOVA indicated that the biomass (g 

ww m-2) in Sanmen Bay (43.23 g ww m-2) was significantly higher (P=0.044, F2, 12=4.1), Duncan 

equal variances assumed) than that in the two other areas (7.89 g ww m-2 and 6.95 g ww m-2) 

(Table 3). However, there was no significant difference (P=0.161, F2, 12=2.1) when using the 

biomass calculated by energy (KJ m-2). The secondary production showed no significant 

differences among these three areas (P=0.535, F2, 12=0.659). The P/B was lowest (P=0.000, F2, 
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12=28.665) in Sanmen Bay (0.234 y-1) when compared to Xiangshan Bay (0.97 y-1) and the 

offshore region (1.19 y-1). The abundance varied from 5 to 305 ind. m-2, and the biomass ranged 

from 0.05 g ww m-2 to 717.5 g ww m-2. The estimated secondary production ranged from 0.35 to 

401.9 kJ m-2 y-1. Despite the low P/B (0.234 y-1), the secondary production in Sanmen Bay was 

almost the same as that in the other areas, mainly because of the high biomass of Acaudina 

molpadioides.

Environmental factors

The environmental parameters, sediment grain sizes and bottom water nutrient contents are 

shown in Table 2. A PCA was performed in PRIMER 6.0 using the environmental and biological

variables obtained from the sampling stations (Fig. 2); the first and second axes explained 33.9%

and 20.0% of the total variation in the data, respectively. Dissolved oxygen (DO), COD, fine silt,

TP and chemical suspended solids (SS) corresponded to the first component (PC1), and depth, 

salinity and sand indicated an inverse relationship with the above parameters. The second axis 

(PC2) was mainly related to substrate, such as clay, which showed a positive relationship but 

course silt showed a negative relationship. In addition, salinity, fine silt, COD, TOC and TN 

were all important contributors to the second axis, either positively or negatively.

In the present study, we estimated the abundance, biomass (B), secondary production (P) 

and production-to-biomass ratio (P/B) of the macrobenthic fauna in the northern East China Sea. 

The stations in the offshore subarea accounted for the highest total production; however, high 

standing stock biomass was found in the Sanmen Bay subarea. Spearman rank correlation was 

used to analyse the relationships between the environmental parameters and the macrobenthic 

community traits (Table 5). The results indicated that depth was the only positive factor that was 

significantly correlated with the macrobenthic community abundance, secondary production and 

P/B, while DO and SS were negatively correlated with microbenthic traits. The community 
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structure appeared to be unaffected by other environmental factors, including clay, COD, Chl, 

TOC, TN and TP. Abundance also showed a strong connection with other community traits, 

including body mass, secondary production and P/B. P/B values were negatively correlated with 

abundance, body mass and secondary production.

DISCUSSION

The macrobenthic community of the northern East China Sea was shown to contain a diverse 

range of invertebrate taxa dominated by polychaetes, molluscs and crustaceans. The polychaetes 

Sternaspis scutata (Sternaspidae) and Aglaophamus dibranchis (Nepthyidae) were the dominant 

species across all sampling areas and years, constituting 20.8% and 7.6% of the total abundance, 

respectively. However, their contributions to the total productivity were very limited despite their

high P/B values (1.89 and 1.65 y-1, respectively) due to their small body masses. The echinoderm

Acaudina molpadioides was confined to three stations in Sanmen Bay but contributed the most to

the total biomass, body mass and secondary production throughout the investigated area due to 

its overwhelmingly high wet body weight. As a fishery item, Acaudina molpadioides is a 

marketable sea cucumber that is widely distributed in coastal soft-bottom regions in China and 

has abundant production, especially in the East China Sea and South China Sea (Liao 1997). It 

has not been fully exploited or utilized, and few people consider it to be an alternative for the sea

cucumber Apostichopus japonicus because it is too tough when heated or cooked (Xu et al. 

2011).

The Spearman rank correlation analysis showed that there were significant relationships 

between the environmental parameters (depth, DO and SS) and the macrobenthic community 

traits, including abundance, body mass and production. The abundance, body mass and 

production of the community all showed negative correlations with DO concentration. Dissolved

oxygen (DO) is one of the best indicators of the health of aquatic ecosystems. The values of 
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dissolved oxygen can range from 0 to 18 parts per million (ppm) (0-18 mg L-1), but most natural 

water systems require 5-6 ppm (5-6 mg L-1) to support diverse communities (Areerachakul et al. 

2013). Demersal fishes, crabs and shrimp will vacate the area when oxygen concentrations drop 

below approximately 2 mg L-1 (Rabalais et al. 2010), which would usually be referred to as 

hypoxia (Sturdivant et al. 2015). In this study, aperiodic hypoxia was observed in the offshore 

region (D32 in 2014, bottom DO 1.63 mg L-1), and it was also reported in this area in August 

2006 (Zhou et al. 2010) when a threshold of 2.8 mg L-1 was considered (Diaz and Rosenberg 

1995, Wu 2002, Vaquer-Sunyer and Duarte 2008, Wu et al. 2012, Sturdivant et al. 2014). 

Hypoxia is usually very harmful to aquatic animals, and even seasonal hypoxia can lead to the 

collapse of community structures and functions (Diaz et al. 2009). In Chesapeake Bay, 

macrobenthic secondary production can be 90% lower during hypoxia relative to normoxia 

(Sturdivant et al. 2014). However, fish and crustacean populations can persist even under severe 

hypoxia (<0.715 mg L-1) with no mortality effects, but the migration of mobile species occurred 

in the Saanich Inlet of the eastern Pacific (Chu and Tunnicliffe, 2015), and no clear signal of 

hypoxia was found in fishery landing statistics in the Gulf of Mexico (Diaz 2001). The offshore 

region was subjected to aperiodic hypoxia stress at some stations (D25, D32 and D37), and the 

DO concentration was as low as 3.39 mg/L in this study. In this region, the macrobenthic 

abundance, body mass and secondary production were all negatively affected by the stress of low

dissolved oxygen.

In the present study, we estimated the abundance, biomass (B), secondary production (P) 

and production-to-biomass ratio (P/B) of the macrobenthic fauna in the northern East China Sea. 

The stations in the offshore region accounted for the highest total production; however, high 

standing stock biomass was found in the Sanmen Bay subarea, mainly because of the strong 

contribution of the large echinoderm Acaudina molpadioides, with overwhelmingly high 
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biomass when compared to the other macrobenthic species. Since body mass was used as an 

input variable for the ANN model and was the major predictor of P/B values, the production was 

still highest in Sanmen Bay despite its low P/B value. Spearman’s correlation showed a strong 

negative relationship between secondary production and body mass (correlation 

coefficient=0.810, P=0.001), which can also be expected with secondary production estimates 

derived from P/B ∗ B (Fuhrmann et al. 2015). Moreover, clay and silt showed opposite effects in 

the PCA, mainly due to the negative relationship between the compositions of clay and silt in the

substrate.

The annual somatic P/B estimated for the entire investigated area (0.46 y−1) was much 

lower than that observed in the only studies available in the East China Sea (1.41 y−1, Li et al. 

2005) and adjacent Changjiang Estuary in 2005 (1.53 y−1, Liu et al. 2008), showing that species 

with small body sizes and high renewal rates occupied greater proportions of the macrobenthic 

communities from 2000 to 2001 than 2012 to 2016. The P/B ratio is a measure of a species 

biomass turnover rate, which is the inverse form of the average species lifespan under a set of 

conditions (Dolbeth et al. 2012). Since the P/B ratio reflects the metabolism and life cycle of 

species in a community, small species with higher renewal rates and stronger tolerance of 

environmental perturbation usually contribute to a higher P/B ratio (Li et al. 2005, Zhou and Cai 

2010). This region used to be the main fishing ground for large yellow croaker Larimichthys 

crocea (Richardson, 1846), hairtail Trichiurus lepturus Linnaeus, 1758, cuttlefish Sepiella 

inermis (Van Hasselt, 1835) and other economically important species. However, these species 

were all subject to anthropogenic disturbances, such as overexploitation and pollution, and these 

fishing resources have declined to their lowest levels since the 1990s (Ni and Liu 2003). Since 

macrobenthic invertebrates are among the most important food resources for many fish, birds 

and other large marine animals, there is still no sign of a favourable turn for the fishing stocks. 
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Although the Chinese government has made considerable effort to protect and recover fishing 

resources, the marine benthic ecological system in this area still needs a long time to recover 

from the current recession.
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Fig. 1 Locations of the sampling stations in the northern East China Sea from 2012 to 2016

with Sanmen Bay in yellow, Xiangshan Bay in green and the offshore region in blue
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Fig. 2 Two-dimensional principal component analysis (PCA) ordination of the environmental

factors of the sampling stations from 2012-2016. To allow for easier visualization, environmental

parameters have been centered at (-4,0), rather than (0.0).
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Table 1 Number of species collected from 2012-2014.

Xiangshan Bay Sanmen Bay Offshore region Total
2012 14 20 22 32
2013 14 19 25 36
2014 11 17 18 29
2015 17 24 23 36
2016 13 19 28 39
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Table 2 The most important macrobenthic taxa (based on family level; specific names were given if the family was represented by only one 

species) in the northern East China Sea, including the 8 most abundant taxa and 2 other taxa (indicated with *) that contributed the most to the 

total macrobenthic production. The following abbreviations were used: A abundance, B biomass, P production.

Class or higher Taxon A (ind. m-2) B (g) B (kJ m-2) P (g ww m-2 y-1) P (kJ m-2 y-1) P/B(y-1)
Polychaeta Lumbrineridae 2.67 0.28 1.49 0.29 1.50 1.01

Nephtyidae 5.67 0.06 0.22 0.10 0.38 1.73
Sternaspis scutata 12.24 0.27 0.72 0.51 1.36 1.90
Terebellidae 4.43 0.07 0.35 0.13 0.64 1.82

Crustacea Oratosquilla oratoria* 1.19 0.50 2.16 0.90 3.92 1.82
Holothuroidea Caudinidae* 0.48 9.01 77.82 0.65 5.66 0.07

Protankyra bidentata 3.33 4.16 4.61 1.10 1.22 0.27
Gastropoda Cylichna cylindracea 3.14 0.07 0.09 0.10 0.14 1.57

Nassariidae 4.67 0.77 1.81 0.74 1.72 0.95
Nemertea Lineus sp. 2.48 0.23 1.15 0.24 1.23 1.07
Community Community 58.76 19.63 101.83 7.63 26.77 0.26



Table 3 Macrobenthic abundance, biomass, production and P/B values in the sampling areas from 2012-2016

Area Item 2012 2013 2014 2015 2016 Average

Xiangshan Abundance (ind. m-2) 61.25 68.75 40.00 67.50 33.75 54.25

Biomass (g ww m-2) 9.73 7.04 9.54 5.86 7.26 7.89

Biomass (KJ m-2) 22.53 19.64 22.83 14.62 17.97 19.52

Production (g ww y-1 m-2) 6.95 7.44 6.95 5.63 6.12 6.62

Production (KJ y-1 m-2) 17.93 22.52 17.87 16.41 17.68 18.48

P/B (y-1) 0.80 1.15 0.78 1.12 0.98 0.97

Sanmen Abundance (ind. m-2) 103.75 47.50 27.86 94.29 61.25 66.93

Biomass (g ww m-2) 27.88 23.30 25.01 113.25 26.71 43.23

Biomass (KJ m-2) 159.55 39.49 138.32 893.42 52.64 256.68

Production (g ww y-1 m-2) 7.45 9.06 5.81 14.65 6.96 8.79

Production (KJ y-1 m-2) 27.33 17.64 20.82 82.11 16.50 32.88

P/B (y-1) 0.17 0.45 0.15 0.09 0.31 0.23

Offshore region Abundance (ind. m-2) 56.11 55.56 37.78 48.89 82.78 56.22

Biomass (g ww m-2) 4.21 14.23 2.86 2.36 11.08 6.95

Biomass (KJ m-2) 13.60 45.43 13.48 6.73 39.03 23.65

Production (g ww y-1 m-2) 5.33 15.94 2.76 2.99 10.36 7.48

Production (KJ y-1 m-2) 19.32 57.04 10.72 9.93 39.44 27.29

P/B (y-1) 1.42 1.26 0.80 1.47 1.01 1.19



Table 4 The composition of sediment (%), nutrient contents of bottom column water and some environmental variables from 2012-2016; the 
following abbreviations are used in the table: TOC total organic carbon, DO dissolved oxygen, SS suspended solids, COD chemical oxygen 
demand, Chl chlorophyll a, TN total nitrogen, TP total phosphorus.

sand
coarse

silt
fine
silt

clay
Depth
(m)

Salinit
y

TOC (mg/
L)

DO (mg/
L)

SS (mg/
L)

COD (mg/
L)

Chl (µg/
L)

TN (mg/
L)

TP (mg/
L)

D2
4

0.82 22.66 35.98 40.5
4 

18.40 30.97 1.33 5.14 141.56 0.80 2.80 0.64 0.09 
D2
5

13.4
5 

9.19 33.64 43.7
2 

46.88 32.20 1.51 3.83 96.62 0.63 1.72 0.54 0.08 
D2
6

0.33 11.39 36.76 51.5
2 

14.30 27.23 1.33 6.34 144.10 0.77 4.46 0.67 0.26 
D2
7

0.70 14.50 38.52 46.2
7 

10.60 27.52 1.44 6.22 295.52 0.82 3.98 0.64 0.33 
D2
8

0.66 13.53 43.60 42.2
1 

14.60 28.88 1.56 5.86 197.62 0.96 8.66 0.65 0.13 
D2
9

0.00 4.70 34.16 61.1
4 

19.40 25.79 1.55 6.14 177.10 0.85 2.66 0.69 0.31 
D3
0

0.16 4.32 33.10 62.4
2 

20.60 24.67 1.52 6.18 119.32 0.77 3.96 0.76 0.34 
D3
1

0.48 10.71 43.15 45.6
6 

7.20 27.42 1.44 7.02 174.32 0.97 23.60 0.78 0.09 
D3
2

0.69 5.70 37.33 56.2
8 

46.80 34.23 1.44 3.52 99.02 0.68 1.68 0.64 0.07 
D3
3

0.58 11.06 39.60 48.7
7 

16.40 29.28 1.58 5.96 146.02 0.92 3.40 0.66 0.29 
D3
4

0.18 7.28 43.18 49.3
7 

8.40 27.91 1.45 6.85 173.74 0.86 17.30 0.58 0.28 
D3
5

8.02 10.03 34.38 47.5
8 

8.76 27.75 1.73 6.19 100.70 0.63 11.24 1.25 0.10 
D3
6

0.34 10.14 40.84 48.6
8 

10.70 28.17 1.59 6.48 213.84 0.98 13.92 0.62 0.23 
D3
7

1.57 11.84 38.83 47.7
7 

16.40 30.00 1.57 4.77 118.72 0.96 11.10 0.67 0.09 
D3
8

1.07 11.02 38.25 49.6
6 

18.00 27.40 1.51 5.80 294.28 0.82 4.40 1.02 0.21 
D3
9

0.00 4.98 41.00 54.0
2 

6.30 26.62 1.73 6.38 135.14 0.77 10.66 1.19 0.12 
D4
0

1.02 10.92 39.28 48.7
8 

16.20 27.53 1.61 6.22 248.10 0.89 5.78 0.96 0.20 
D4
1

0.01 4.83 40.04 55.1
3 

10.10 28.58 1.73 6.01 260.74 0.89 5.84 0.83 0.15 
D4
2

0.38 11.92 41.37 46.3
3 

11.00 27.81 1.39 6.19 183.90 0.80 6.30 0.89 0.15 
D4
3

0.02 6.04 42.13 51.8
0 

10.00 27.74 1.52 6.46 143.46 0.83 5.52 0.76 0.14 
D4
4

0.22 11.09 43.72 44.9
8 

10.00 27.26 1.58 6.14 858.40 0.92 4.18 0.75 0.45 



Table 5. Spearman rank correlation coefficients between variables. Values in bold indicate variable pairs that showed significant correlation 

(P<0.05). *: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level.

Clay Depth DO SS COD TOC TN TP Salinity abundance Body mass Production

Depth 0.12 

DO 0.15 -0.52**

SS -0.02 0.03 -0.17 

COD 0.26** -0.05 0.18 0.13 

TOC -0.08 -0.05 0.11 -0.11 0.10 

TN -0.01 -0.23* 0.21* 0.01 -0.20* 0.35**

TP 0.30** -0.02 0.14 0.30** 0.49** 0.29** 0.01 

Salinity -0.12 0.31** -0.49** 0.11 0.03 -0.32** -0.45** -0.26**

Abundance -0.03 0.25* -0.23* -0.26** -0.12 0.06 -0.05 0.03 0.05 

Body mass 0.04 0.30** -0.22* -0.27** -0.09 0.07 -0.04 0.00 0.08 0.66**

Production 0.04 0.34** -0.26** -0.27** -0.08 0.01 -0.11 -0.01 0.10 0.71** 0.95**

P/B -0.08 -0.12 0.04 0.17 0.08 -0.10 -0.15 0.01 0.06 -0.35** -0.78** -0.57**
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