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Four cruises in the Bohai Sea and northern Yellow Sea off Yantai, China, in April and
August of 2020, collected data on the species composition and community
structure characteristics of macrobenthos in these sea areas. Temporal and
spatial changes in the dominant macrobenthic species between April and
August were also analyzed. The M-AMBI and environmental data were used to
assess the benthic ecological quality of the coastal waters off Yantai. The results
revealed differences in macrobenthic community structure and ecological quality
status between the two sea areas. The main findings are as follows: A total of 7
phyla and 153 macrobenthic species were collected; 113 and 101 species were
recorded in the Bohai Sea and northern Yellow Sea areas, respectively, and
estimated abundance was 301 ind. m™ and 598 ind. m™ (p < 0.01), and biomass
was 10.20 g m™2 and 14.65 g m™2, respectively. The dominant species comprised
small-sized polychaetes and bivalves. The main dominant species were Glycinde
bonhourei, Micronephthys oligobranchia, Sternaspis chinensis, and Moerella
hilaris. The number of species differed significantly between seasons (p < 0.05).
A comparison of the dominant species and community structure of the
macrobenthos between seasons showed that more obvious replacement
occurred in the Bohai Sea. There were major differences in community structure
of the macrobenthos between the two areas. Macrobenthos abundance was
positively correlated with depth, dissolved oxygen, and sand substrate, and
negatively correlated with bottom-water temperature, pH, and fine silt or clay
substrate. In April, sites with low ecological value were at the ports of Laizhou and
Longkou and Yangma Island, with the water quality likely affected by intensive
bivalve aquaculture, port activities, and river discharge; in August, low-ecological-
value sites were the middle of Laizhou Bay, Longkou Port, west of Daheishan
Island, and coastal water between the cities of Yantai and Weihai. Overall, the sea
areas off Yantai were generally deemed to be in a “good” state of ecological quality.
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Introduction

Benthos are the aquatic animal groups that inhabit bottom
substates or sediments during all or part of their life history;
those that do not pass through a 0.5-mm mesh screen can be
defined as macrobenthos. Macrobenthos are an important part
of marine ecosystems. Macrobenthos change sediment particles
through bioturbations caused by feeding, burrowing, and tube-
building; they can also change the surrounding topography by
producing mucus, increasing or decreasing the roughness of the
sediment, altering the original structure of the sediment and the
biological characteristics of the microorganisms, thereby
affecting the marine nutrient environment. At the same time,
the macrobenthic community participates in the biogeochemical
cycling of elements such as carbon, nitrogen, and sulfur; they
provide an important source of food for animals in the bottom-
most layer as well as in the whole column of the water, and
through feeding and predation they participate in establishing
the structure and function of the marine ecosystem (Somerfield
et al., 2006; Liu et al., 2007; Liu et al., 2009) . For example, the
annual average biomass of macrobenthos in the northern Yellow
Sea can reach 99.66 g/m2, which provides a high degree of
secondary productivity and biological diversity. At least 10
categories and 800 species of macrobenthos have been
recorded in the Yellow Sea and Bohai Sea (Xu and Li, 2021).

Research on macrobenthos as ecological indicators is
drawing increasing attention in the field of ecology. Compared
with that of zooplankton and fish, benthic fauna have advantages
in the ecological indicator function based on their weak
movement ability, relatively fixed habitat, and direct
vulnerability to environmental changes (Lv et al, 2014).
Habitat evaluations focused on benthic fauna have been
introduced into environmental monitoring work in many
countries, with numerous associated ecological assessment
methods recognized (International Organisation for
Standardisation (ISO), 1979). Consequently, biotic indices
using macrobenthos have been used to evaluate the health of
coastal ecosystems (Xu and Li, 2021). The research institute
AZTT in Spain (AZTI-Tecnalia) developed a marine biotic index
(AMBI) method that is based on the relative habitat density of
macrobenthos and divides macrobenthos into five ecological
groups, ranging from sensitive to opportunistic, based on their
sensitivity to environmental stress. Thus, each sample can obtain
a continuous AMBI value and corresponding ecological quality
status (Tian, 2012; Liu et al., 2014a). Studies have shown that in
some areas, such as characterized by hypoxia, industrial
pollution, oil extraction or aquaculture, AMBI can clearly
indicate the degree of disturbance to benthic ecosystems, and
the evaluation results are more accurate than with other indices
affected by the dominant species. However, the AMBI metric can
be limited in areas with strong natural pressures or poor biomes,
such as inland estuaries or subtidal zones on sandy coasts (Luo
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and Yang, 2009; Lu et al., 2021). Owing to the pressure of natural
factors, although not affected by human activities, samples with
fewer species and higher AMBI values may also be defined as
denoting poor ecological quality. To overcome this potential
weakness and misjudgment problem of AMBI in evaluating
ecological status, Muxika et al. (2007) proposed the
multivariate AMBI (M-AMBI), which adds biodiversity and
species number indicators (Borja et al., 2000). This approach
uses a variety of indices to evaluate the quality of the study area,
and defines a reference point that can better describe the
ecological quality of the study area.

Yantai is a port city on the north coast of the Shandong
Peninsula in eastern China and is situated at the junction of the
Bohai Sea and Yellow Sea. Since ancient times, the northern sea
areas off Yantai have been important spawning and feeding
grounds and a migration channel for China’s fishery resources,
and the region is an important marine aquaculture base (Liu et al.,
2015). In recent years, with the rapid development of the coastal
economy at Yantai, the ecological quality of the coastal waters has
been seriously affected. The main reasons can be summarized as
follows: (1) pollution caused by aquaculture activities, with high-
density raft aquaculture altering the environment of the
sediments, and aquaculture facilities affecting sea hydrology and
current conditions, resulting in organic enrichment and low
dissolved oxygen; (2) disturbance caused by high-intensity
commercial fishing activities, including excessive trawling and
destructive fishing gear, which leads to frequent disturbance of the
sea bottom, and simplification and fragmentation of the food web;
(3) port- and land-derived pollution sources, such as wastewater,
fuel oil, and heavy metals. The coastal waters also receive sewage
from domestic, industrial, and agricultural activities. In addition,
the northern Yellow Sea and especially the Bohai Sea are relatively
closed geographical features, which results in slow water-exchange
rates with the ocean and poor self-purification capacity (Liu
et al., 2014b).

Research on the community structure of macrobenthos and
the ecological quality of sea areas in the region off Yantai has
largely focused on areas at a small scale, such as important bays
(Lietal, 2013; Wang and Li, 2013; Li et al., 2016) and intertidal
zones (Han et al, 2014; Yu and Liu, 2020). Therefore, the
purpose of this study was to: (1) identify the community
structure characteristics of macrobenthos in large-scale sea
areas off Yantai, and analyze the temporal and spatial changes
in April and August; (2) combine M-AMBI with environmental
factors to assess the benthic ecological quality of the Bohai Sea
and northern Yellow Sea areas, and analyze differences in
macrobenthic community structure and ecological health
between the two sea areas. The findings should improve our
understanding of the scope and extent of the human impact on
the marine resources off Yantai, China, and contribute to
scientifically based evaluation of the health of these coastal
waters and sustainable utilization of the biological resources.
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Material and methods
Study area

The northern sea areas off Yantai consist of two parts, the Bohai
Sea and northern Yellow Sea, which are connected by the Bohai
Strait. In this study, the Bohai Sea area off Yantai is taken as the
region southeast of Bohai Bay; it has a coastline in China of ~270
km, an average water depth of ~13 m, and includes Laizhou Bay,
Longkou Bay, and the mouths of seven major rivers (such as the
Huangshui, Yongwen, and Jiehe). The northern Yellow Sea area off
Yantai is taken as the southwestern region of the northern part of
the Yellow Sea; this area has a coastline of ~280 km and average
water depth of ~19 m, and it includes three bays (Taozi, Zhifu, and
Sishili), and the months of seven major rivers (such as the
Pingchang, Dagujia, and Guangdang). Both sea areas have high-
intensity raft aquaculture and commercial fishing areas, as well as
five important shipping ports, numerous sewage outlets, and waste-
dumping areas. To assess the impact of human activities on the
macrobenthos and coastal ecological quality, we surveyed 13 sites in
the Bohai Sea (37°12'-38°00" N, 119°40'-120°30" E) and 15 sites in
the northern Yellow Sea (37°30'-38°00" N, 121°50'-122°00" E).
Two field surveys were conducted in April and August of 2020, with
21 stations surveyed in April, and 22 stations in August. The survey
in April was conducted before implementation of a fishing
moratorium, when many fishing boats were operating in both sea
areas. The fixed nets set up in the sea, including ground cages and
gill nets, prevented the survey ship from approaching the intended
sampling sites; therefore, our actual sampling stations differed
between the two seasons (Figure 1).

Biological data

Macrobenthos, bottom seawater, and sediment samples
were collected at each survey station. Surveys were performed

10.3389/fmars.2022.989034

according to the Specification for Oceanographic Survey
(China National Standard GB/T 12763-2007). Five replicate
samples were taken at each site using a Van Veen grab (0.05
m?). The grab contents were sieved (0.5-mm mesh screen) in
the field, placed into appropriately labeled bottles or bags, and
immediately fixed in 5-7% buffered formaldehyde solution.
In the laboratory, the macrobenthos were sorted and
identified to the lowest possible taxonomic level, and
counted and weighed by group. The organisms were
categorized as Annelida, Mollusca, Arthropoda,
Echinodermata, or ‘Others’ (i.e., miscellaneous phyla that
included Nemertea, Turbellaria, and Brachiozoa).

Environmental data

The bottom-water temperature (TEM), salinity (SAL), depth
(DEP), pH, dissolved oxygen (DO), dissolved inorganic phosphate
(DIP), dissolved inorganic nitrogen (DIN, including NO5-N, NO,-
N, and NH,4-N), sediment total nitrogen (TN), total phosphorus
(TP), total organic carbon (TOC), sulfide (S), petroleum residue
(Oil), and heavy metals concentrations (Cu, Pb, Zn, Cd, Hg, As)
were recorded for each sampling event. Grain-size analysis was also
performed, with the sediment divided into fractions of sand (63-
500 um), fine silt (4-63 um), and clay (<4 um); median particle
diameter was expressed as Dsp. The environmental factors TEM,
SAL, DEP, pH, and DO were recorded using a profiler (YSI EXO
Handheld; Yellow Springs Instrument Co., Inc., USA). To
determine DIP and DIN, water was filtered through 40-um
Whatman glass microfiber filters. The filtrate was analyzed by
segmented flow analysis. The heavy metals content was
determined by a flame atomic adsorption spectrometer
(PE4100ZL; Perkin-Elmer Corporation, USA) and an atomic
fluorescence spectrophotometer (AF-610A; Beijing Rayleigh
Analytical Instrument Co., Ltd., China). Oil residue was measured
with a fluorescence spectrophotometer (FL-4500). Sediment grain-
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Map showing the study area and locations of the benthic sampling stations in the northern sea areas off Yantai, China.
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size analysis was performed on a laser particle size analyzer
(Mastersizer 2000; Malvern, UK).

Data analysis

The biological properties studied were total biomass (B),
abundance (A), number of species (S), and the dominance index
(Y) calculated as (Xu and Chen, 1989):

Dominance index: Y = (n;/N;) X f; (1)

where n; is the total abundance of the ith species at all
stations; N, is the total abundance of individuals at all stations;
and f; is the frequency of occurrence of the ith species at all
stations. Species i is defined as dominant when Y > 0.02.

A station abundance matrix was constructed. The k-means
algorithm was used to perform cluster analysis of all stations.
The Hartigan-Wong standard algorithm (Hartigan and Wong,
1979) was used to calculate the sum of squares (SS) of the
Euclidean distances between each item and centroid:

W (C) = D eq (% — 1)’ )

Each observation (x;) is assigned to a given cluster such that
the SS distance of the observation to its assigned cluster centers
(4x) is a minimum. The total within-cluster variation is defined
as follows:

tot . withinss = 3 W(C) = Doy Dyee (i —)* ()

where x; is a data point belonging to cluster Cy; and py is the
mean value of the points assigned to cluster C;.

Macrobenthic community composition was calculated using
similarity percentage analysis (SIMPER) and analysis of
similarity (ANOSIM) in PRIMER 6. The Mantel test was used
to test the correlation between the major-benthic-community
matrix and the environmental variables matrix for each sea area.
The environmental variables and species matrices were
transformed by lg(x + 1). All figures were drawn using R 3.6.3
and Surfer 14.

Ecological groups as indicators of
ecological health

Based on the species list (updated in December 2020)
provided in AMBI v6.0, we divided the macrobenthos collected
in the study areas into five ecological groups according to an
increasing stress gradient of organic enrichment. These groups
represent the initial state of the environment, the transition state
to slight imbalance, the state of slight imbalance, the transition
state to significant imbalance, and the state of significant
imbalance, and can be summarized as follows:
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Group I: Species very sensitive to organic enrichment and
present only in unpolluted environments; these include obligate
carnivores and some sediment-, tube-dwelling polychaetes.

Group II: Species insensitive to organic enrichment, and
present in low densities with only slight variations over time;
these include suspension feeders, select carnivorous species, and
saprophagous species.

Group III: Species that can tolerate excessive organic matter
and which may occur under normal conditions but will increase
under conditions of organic enrichment; these are often
sediment-surface feeders, such as the tube-dwelling spionids.

Group IV: Second-order opportunistic species that tolerate
slightly to pronounced unbalanced conditions; these mainly
comprise small-sized polychaetes and subsurface sediment feeders.

Group V: First-order opportunistic species that tolerate
pronounced imbalances; these are largely deposit feeders that
can thrive in degraded sediments.

Based on the AMBI guidelines (Borja and Tunberg, 2011),
the value of M-AMBI ranges from 0 to 1, with higher values
indicating better ecological health (not degraded). The threshold
values for the M-AMBI conditions of ecological quality were as
follows: ‘high,” >0.77; ‘good’ = 0.53-0.77; ‘moderate’ = 0.39-0.53;
‘poor’ = 0.20-0.39; and ‘bad,” <0.20. To acquire a reference
condition, we chose the lowest AMBI value and the highest
values of diversity (H) and species richness (S) based on the two
surveys (April and August), and then increased these values by
15%. Accordingly, the M-AMBI reference conditions for the two
sea areas were: AMBI = 0.17, H = 5.198, and S = 46 for the Bohai
Sea, and AMBI = 1.00, H = 5.095, and S = 52 for the northern
Yellow Sea. The values of the ‘worst’ possible quality were based
on the following values: AMBI = 6, H =0, and S = 0, representing
ecological conditions severely impacted by human activities
(Li et al., 2013; Li et al., 2017).

Results

Species numbers, abundance,
and biomass

In total, 7 phyla and 153 macrobenthic species were collected
across the study area and seasons (April and August). The most
species-rich group was polychaetes (60 species), followed by
arthropods (43), and mollusks (38). In addition, 7 species of
echinoderms, 3 species of nemerteans, 1 planarian, and 1
brachiopod were recorded. A total of 113 species were
collected in the Bohai Sea, and 101 species in the northern
Yellow Sea, with no significant difference in the numbers of
species between the two sea areas (p > 0.05). In both sea areas a
higher number of species was collected in April than in August;
this difference was significant in the Bohai Sea (p < 0.05) and
highly statistically significant in the northern Yellow Sea
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(p < 0.001) (Figures 2A). The abundance of macrobenthos was August surveys, the waters near the port displayed a high value
454 ind. m™ in April, and 399 ind. m™ in August. Abundance in of macrobenthos biomass (Figure 3).

the northern Yellow Sea was 598 ind. m™, and in the Bohai Sea it

was 301 ind. m™, and the difference between the two sea areas

was extremely significant (p < 0.01) (Figures 2B). The biomass of Dominant species and

macrobenthos was 10.86 g m™ in April, and 13.22 g m> August; Community structure

the biomass was 14.65 g m 2 in the northern Yellow Sea area, and

1020 g m” in the Bohai Sea area; this difference was not During the study period, the dominant species of
significant (p > 0.05) (Figures 2C). In nearshore sites at macrobenthos in the northern sea areas off Yantai were mainly
estuaries and ports, the species numbers and abundance of the small polychaetes and bivalves. There were 19 dominant species
macrobenthos were lower. However, owing to the high biomass recorded (i.e., Y > 0.02): 11 polychaetes, 5 mollusks, 2
of Echinocardium cordatum in Longkou Port in the April and arthropods, and 1 echinoderm. Glycinde bonhourei,
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FIGURE 2
(A) Species numbers, (B) abundance, and (C) biomass of macrobenthos, in April and August of 2020, in the Bohai Sea and northern Yellow Sea
areas off Yantai, China. Asterisks denote an highly significant difference (***p < 0.001, **p < 0.01) or a significant difference (*p < 0.05); ns
represents no significant difference.
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FIGURE 3
Spatial distribution of (A, B) species numbers, (C, D) abundance, and (E, F) biomass of macrobenthos in the northern sea areas off Yantai, China,
in April and August of 2020.
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Micronephthys oligobranchia, Sternaspis chinensis, and
Moerella hilaris were the main dominant species in the study
area, and appeared in the samples of at least three cruises
(Table 1). ANOSIM of community structure showed that the
community dissimilarity of the two seas reached more than 60%
(global test; R = 0.591, p = 0.001). In the same season, the
dominant species and community structure of macrobenthos in
the two areas were different. In April, the dominant species in
the Bohai Sea were Sigambra bassi and Sternaspis chinensis, and
in the northern Yellow Sea they were Scoletoma longifolia and
Heteromastus filiformis, with an average community difference
of 71.57% (pairwise testing; R = 0.718, p = 0.001). In August, the
dominant species in the Bohai Sea was Moerella hilaris, and in
the northern Yellow Sea they were L. longifolia, H. filiformis, and
Magelona japonica, with an average community difference of
80.48% (pairwise testing; R = 0.692, p = 0.001). Comparing
between seasons, replacement of the dominant species was more
obvious in the Bohai Sea: small polychaetes dominated in April
and small bivalves dominated in August, with an average
community difference of 73.63% (pairwise testing; R = 0.469,
p = 0.001). In the northern Yellow Sea, the dominant species
were similar in the two seasons and comprised small
polychaetes, with an average community difference of 59.39%
(pairwise testing; R = 0.307, p = 0.002) (Tables 2, 3).

The survey data for April and August were analyzed using k-
means clustering. The results showed that the macrobenthic
community off Yantai, in both seasons, could be completely

10.3389/fmars.2022.989034

divided into Bohai Sea and northern Yellow Sea types; the
within-cluster sum of squares was 263.0 and 227.4,
respectively (Figure 4).

Relationship with environmental factors

Pearson correlation between 24 environmental factors and
macrobenthos abundance used the data of four cruises. The
results showed that species abundance was positively correlated
with DEP (p < 0.01), DO (p < 0.01), and Sand (p < 0.05), and
negatively correlated with TEM (p < 0.05), pH (p < 0.01), Fine
silt (p < 0.01), and Clay (p < 0.05) (Table 4).

The correlation matrix between environmental variables and
abundance of the major macrobenthic communities in four
surveys was analyzed using a Mantel test, and correlations
among environmental factors was also analyzed using a
Pearson’s test. In April, DEP, SAL, and Hg were the main
environmental factors affecting the macrobenthic community
in the Bohai Sea area (p < 0.05) (Figure 5A); the concentration of
Hg in the bottom-water samples was significantly correlated
with both major communities I and II (p < 0.05).
Correspondingly, DEP, pH, NO,-N, and Sand were the main
environmental factors in the northern Yellow Sea area (p < 0.05),
where DEP and NO,-N were significantly correlated with both
major communities I and II (p < 0.01) (Figure 6A). In August,
DEP, Fine silt, Clay, and D5 in the Bohai Sea area were the main

TABLE 1 Dominant macrobenthic species in two sea areas off Yantai, China, in April and August of 2020.

Phyla Dominant species Bohai Sea Northern Yellow Sea
April August April August
Polychaeta Chaetozone setosa y
Glycera capitata V
Glycinde bonhourei y v v
Heteromastus filiformis v V
Magelona japonica y V
Melinna cristata y
Micronephthys oligobranchia v v
Nereis longior V
Scoletoma longifolia v
Sigambra bassi y
Sternaspis chinensis V v v
Mollusca Alvenius ojianus V
Moerella hilaris v v v V
Nitidotellina lischkei v
Raeta pulchella V l
Siphonodentalium japonicum v
Arthropoda Cephalopisella propagatio v
Paranthura japonica v
Echinodermata Echinocardium cordatum V

Frontiers in Marine Science

06

frontiersin.org


https://doi.org/10.3389/fmars.2022.989034
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Li et al.

10.3389/fmars.2022.989034

TABLE 2 Average macrobenthic community dissimilarity (%) off Yantai, China, based on four surveys, in April and August of 2020.

Survey Bohai Sea (April)
Northern Yellow Sea (April) 71.57
Bohai Sea (August) 73.63
Northern Yellow Sea (August) 75.48

environmental factors (p < 0.05), with Fine silt and Clay
significantly correlated with both major communities I and II
(p <0.01) (Figure 5B). In the northern Yellow Sea area, DEP was
the main environmental factor in August (like in April),
followed by NO,-N (p < 0.05) (Figure 6B).

M-AMBI

In April, areas of low-value ecological quality were: north of
Laizhou Port, northeast of Longkou Port, and north of Yangma
Island (Table 5). The most dominant species in the low-value areas
belonged to ecological groups III and IV, such as Sigambra bassi,
Sternaspis chinensis, Heteromastus filiformis, and Capitella capitata
(Figure 7A). In August, low-value areas were: the center of Laizhou
Bay, Longkou Port, west of Daheishan Island, and the coastal water
between Yantai and Weihai. These sites were characterized by a low
number of species and a low biodiversity index. Single dominant
species that were profuse in low-value areas were Echinocardium
cordatum, Alveinus ojianus, and Amphioplus japonicus (Figure 7B).

Discussion

Spatial and temporal changes in the
macrobenthic community in the Bohai
Sea and northern Yellow Sea

The spatial distribution of macrobenthos is closely related to
environmental factors, such as the water depth and sediments

Northern Yellow Sea (April) Bohai Sea (August)

80.78 -
59.39 80.48

(Coleman et al., 1978; Levin and Gage, 1998). This study found
that the major communities of macrobenthos oft Yantai in April
and August were closely related to water depth. Li et al. (2013)
surveyed macrobenthos in Taozi Bay and Shili Bay and found
that the distribution of macrobenthos in the bays was clearly
affected by the proximity of ports, waterways, and pollutants in
rivers entering the sea. Liu et al. (2021) reported that the
macrobenthos in scallop-farming areas and near heavily used
waterways were affected by these human activities. Their
distribution is locally random. This study found that the
number of species, abundance, and biomass of macrobenthos
showed characteristically low values for nearshore sites and high
values for offshore sites. The benthos in the Bohai Sea area was
likely affected by the ports of Longkou and Laizhou, as well as the
marine aquaculture area on the west side of Daheishan Island.
For example, the August survey coincided with large-scale raft
farming of scallops in the southern part of the Bohai Sea. To a
certain extent, intensive marine aquaculture activities will hinder
the exchange capacity of the water body; the metabolites and
excrement from marine aquaculture can also greatly impact the
marine sediment environment, further disturbing the
community structure of benthic fauna (Zhang et al., 2012;
Zhang et al., 2013).

The macrobenthic community structure in the Bohai Sea and
Yellow Sea has been investigated on a temporal scale since the
1990s. Macrobenthos biomass and abundance were reportedly high
in the Bohai Sea in 1997-1999, with 306 species recorded
(abundance: 2,575 ind. m?; biomass: 42.59 g m’z). In the Bohai
Strait, the abundance and biomass were as high as 3,968 ind. m™
and 103.27 ind. m>, respectively (Han et al., 2001). The annual

TABLE 3 Macrobenthic community composition in the Bohai Sea and northern Yellow Sea areas off Yantai, China, during the two survey months

(April and August).

Survey Major community Average similarity
Bohai Sea (April) Group I: S. bassi-M. hilaris-S. chinensis 46.82
Group II: G. bonhourei-S. chinensis-S. bassi 41.20
Northern Yellow Sea (April) Group I: R. pulchella-S. longifolia-G. bonhourei 63.60
Group II: H. filiformis-C. propagatio-S. longifolia 59.10
Group III: H. filiformis-S. longifolia-M. japonica 53.95
Bohai Sea (August) Group I: M. hilaris-S. chinensis-P. altamarinus 48.58
Group II: E. cordatum-M. hilaris-N. lischkei 4525
Northern Yellow Sea (August) Group I: M. hilaris-S. japonicum-S. longifolia 55.75
Group II: H. filiformis-S. longifolia-M. japonica 53.83
Group III: S. longifolia-H. filiformis-M. japonica 51.14

See Table 1 for full species names.
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TABLE 4 Pearson correlation between environmental factors and macrobenthos abundance.

Environmental factors r-value p-value (2-tailed)
DEP 0.455 0.002

TEM -0.384 0.011

DO 0.468 0.002

pH —-0.401 0.008

Sand 0.315 0.040

Fine silt —-0.455 0.002

Clay -0.317 0.039

DEP, depth; DO, dissolved oxygen; TEM, bottom-water temperature.
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TABLE 5 Values of M-AMBI and the corresponding ecological quality status, by month, in the Bohai Sea and northern Yellow Sea areas off Yantai,

China.
Area Station Survey in April Survey in August
M-AMBI Status M-AMBI Status

Bohai Sea Bol 0.769 Good 0.571 Good
Bo2 0.643 Good 0.627 Good
Bo3 0.810 High 0.563 Good
Bo4 0.566 Good 0.676 Good
Bo5 0.585 Good 0.721 Good
Bo6 0.718 Good 0.669 Good
Bo7 0.788 High 0.736 Good
Bo8 0.749 Good 0.740 Good
Bo9 0.703 Good 0.667 Good
Bol0 0.685 Good 0.522 Moderate
Boll 0.551 Good 0.700 Good
Bol2 0.746 Good 0.711 Good
Bol3 - - 0.572 Good
Avg. 0.693 Good 0.652 Good

Northern Yellow Sea NYel - - 0.745 Good
NYe2 0.736 Good - -
NYe3 0.792 High - -
NYe4 0.820 High - -
NYe5 0.773 High 0.647 Good
NYe6 - - 0.649 Good
NYe7 0.729 Good - -
NYe8 0.764 Good 0.728 Good
NYe9 0.482 Moderate - -
NYel0 0.620 Good 0.665 Good
NYell - - 0.690 Good
NYel2 - - 0.605 Good
NYel3 0.689 Good - -
NYel4 - - 0.544 Good
NYel5 - - 0.613 Good
Avg. 0.712 Good 0.654 Good

abundance and biomass have since shown a downward trend, with
higher declines in species biomass than in species abundance (Liu
et al,, 2014; Yuan et al, 2020). Changes in the dominant species
show that K-strategy species with large-size individuals contribute
less to biomass as they are replaced by R-strategy species with a
small size, high fecundity, and short life span (Chen et al,, 2016). In
a 1997 survey in the northern Yellow Sea, Li (2003) reported a
dominant community of Goniada maculata-Thyasira tokunagai-
Ophiura sarsii vadicola. A 2007 survey Qu (2010), reported that the
dominant macrobenthic species in the coastal areas of Shandong
Peninsula were mainly Sternaspis chinensis, Lumbrineris cruzensis,
Notomastus latericeus, and Magelona cineta. These were likewise
dominant or important species in our study. Comparing the results
of historical studies with the present study reveals that the benthic
community structure in the northern Yellow Sea has changed little
compared with that in the Bohai Sea. In terms of seasonal variation,
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there were no significant differences in macrobenthic abundance
and biomass between the April and August surveys in this study.
However, the dominant species in the Bohai Sea have changed from
polychaetes to filter-feeding mollusks, consistent with the findings
of Chen et al. (2016) regarding macrobenthos in the southern Bohai
Sea. This trend may be related to the increase in organic content and
primary productivity in coastal waters of the Bohai Sea.

Macrobenthic response to human
impacts and environmental changes

The impact of human activities along the coast at Yantai as well
as nutrient inputs from runoff into estuaries can create an
imbalance of N/P and cause local eutrophication in the coastal
water. In April, at the low-value ecological area of Yangma Island,
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Correlations between the major macrobenthic communities and environmental factors, by month, in (A) April and (B) August of 2020, in the

Bohai Sea area.

the concentration of nitrogen was 0.450 mg/L’, equating to class-
IV seawater quality (medium-polluted) by the Chinese national
standard. This level of pollution is certainly attributable to domestic
and industrial sewage discharged into the Xin’an River and from
sewage plants on the Yuniao and Qinshui rivers. Eutrophication
and the N/P imbalance near estuaries have reduced the species
diversity of benthic organisms. Therefore, the proximity of river
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mouths affects the community structure and ecological functions of
the macrobenthos. Furthermore, we speculated that determination
of such impacts can vary depending on the locations of survey sites
and the survey scale. Most previous surveys have investigated
smaller areas around individual bays or at Zhifu Island (Li et al,
2013; Wang and Li, 2013; Li et al,, 2016; Liu, 2017). The influence of
rivers entering the sea was more obvious in the above studies.
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Numerous studies have reported on the relationship between
the distribution of benthos and the sediment type. The
distribution of benthic communities has been correlated
mostly with the grain size of sediments. Moreover, sediment
type is understood as a primary determinant of the composition
and distribution of benthic communities (Sanders, 1958). For
example, in terms of habitat selection by benthic fauna, Long
and Lewis (1987) and Coleman et al. (2007) found that the
abundance and diversity of benthos positively correlated with
the proportion of coarse gravel in the sediment. Li et al. (2020)
found that most macrobenthos prefer high Ds, and low clay
content. In terms of nutrient use by benthic fauna, Shou et al.
(2018) asserted that it is difficult for macrobenthos to utilize
nutrients in sediments with small-sized particles, and that spatial
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heterogeneity could provide more suitable habitats for benthos
in coarse-sized sediments. Our study found that the abundance
of macrobenthos in the two sea areas off Yantai was significantly
0.315), and
extremely significantly negatively correlated with the silt (r =

positively correlated with the sand content (r

—0.455) and clay (r = —0.317) contents, which is consistent with
the results of previous studies. In contrast, through correlation
analysis of the macrobenthic communities and sediment types in
Laizhou Bay (southern Bohai Sea) in summer, Liu et al. (2014)
found that fine sediment particles and high organic content in
sediment were conducive to the survival of benthic fauna. This
may be related to the feeding types of the dominant species in
the study area, as well as a combination of environmental factors
suitable to the benthic fauna in the area.
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A - April

B . August

FIGURE 7
Spatial distribution of the ecological quality status in the two northern sea areas surveyed at Yantai, China, in April (A) and August (B) of 2020.

Ecological quality status based on the latter area. A Mantel test showed no correlation between
AMBI analysis the major communities of macrobenthos and the
concentration of nitrogen in the Bohai Sea in the two
The AMBI and M-AMBI are widely used ecological indices seasons, but revealed a significant correlation between them
with good applicability for large-scale ecological risk in the northern Yellow Sea area. The dominant species in the
assessments. Notably, the following two points will affect the major communities was Heteromastus filiformis. Pearson and
accuracy of evaluations with the AMBI index. First, AMBI values Rosenberg (1978) identified opportunistic species of
are closely related to the survey method; for example, benthic polychaetes, such as Capitella capitata, Heteromastus
fauna typically have weak locomotion and are vulnerable to the filiformis, and Cirratulus cirratus. Species of Capitellidae
direct stress of sediment pollution. Thus, mud traps should be and Cirratulidae can efficiently replenish their populations
used as far as possible to sample and quantify the benthic fauna. and reproduce in large numbers in a short period. The growth
In contrast, the use of bottom trawling survey methods, such as and distribution of these pioneer benthic fauna follow
Agassiz trawl samples, can bias the evaluation (Li et al., 2017). environmental pollution or human disturbance; hence, they
Second, the application of AMBI requires adequate species are often used as indicator species of marine organic
assignments. The species list provided in the current AMBI pollution, as they play key roles in the succession of benthic
system (updated December 2020) is applicable to most European communities in disturbed soft-bottom sediments (Zhang
regions, but numerous species elsewhere in the world have not et al., 2012).
yet been assigned, and the same species may be classified Unlike opportunistic polychaete species, amphipods
differently in different regions. Therefore, the worldwide list of (particularly members of the suborder Gammaridea) are
species needs to be expanded by experts (Luo and Yang, 2009; Li keystone organisms in the environment. Because they
et al,, 2013). promote oxidation and nitrification processes on the
Based on the results of k-means clustering and the M- seafloor, they are often used as indicators for environmental
AMBI analysis, the macrobenthos community structure remediation efforts (Gomez-Gesteira and Dauvin, 2000). At
clearly differed between the Bohai Sea and the northern the sites with low ecological value in this study, the average
Yellow Sea areas, with lower ecological quality shown for abundance of Heteromastus filiformis and Capitella capitata
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could reach 52 ind. m™, and the highest estimated abundance
was 355 ind. m™, whereas the average abundance of all 10
species of amphipods was only 14 ind. m™* at these sites. In
contrast, at the high-ecological-quality sites, the average
abundance of opportunistic species was 17 ind. m, while
that of amphipods was 39 ind. m2 Thus, these results
demonstrate that a low abundance of amphipods and a high
abundance of opportunistic polychaete species are important
ecological indicators of marine pollution.

Conclusion

A total of 153 macrobenthic species were collected in two
northern sea areas off Yantai, China, surveyed in April and
August 2020. These included 113 species from the Bohai Sea
and 101 species from the northern Yellow Sea; the abundance
was 301 ind. m™? and 598 ind. m ™2, and the biomass was 10.20
g m” and 14.65 g m™, respectively. The dominant species
were small-sized polychaetes and bivalves. Glycinde
bonhourei, Micronephthys oligobranchia, Sternaspis
chinensis, and Moerella hilaris were the main dominant
species. The average community difference between the two
sea areas was 71.57% in April, and 80.48% in August.
Replacement of the dominant macrobenthic species
between seasons was more obvious in the Bohai Sea: small-
size polychaetes dominated in April, and small-size bivalves
dominated in August. In the northern Yellow Sea, the
dominant species were similar in the two seasons and
comprised small-size polychaetes. The results of k-means
clustering showed that the macrobenthic community off
Yantai could be effectively divided into Bohai Sea and
northern Yellow Sea types. The abundance of macrobenthos
was significantly positively correlated with depth, dissolved
oxygen, and sandy substrate, and negatively correlated with
bottom-water temperature, pH, fine silt, and clay. Likely
owing to the impacts of intensive bivalve aquaculture, the
water quality of river discharge, and port activities, the low-
value ecological areas in April were at Yangma Island and the
ports of Laizhou and Longkou; in August, areas of low
ecological quality were the middle of Laizhou Bay, Longkou
Port, west of Daheishan Island, and the coastal water between
Yantai and Weihai. The overall average ecological quality of
the northern sea areas off Yantai was generally in a
“good” state.
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