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Abstract
To evaluate the status and changes of macrobenthic communities related to the construction of
the Longkou Artiﬁcial Island (LAI) in the Bohai Sea, China, four annual surveys were conducted from 2010
to 2013. Signiﬁcant changes on environmental variations and macrobenthic communities were observed in
2013 after the LAI construction a couple of years later. The changing environment was primarily presented
by lower values of pH, dissolved oxygen (DO), organic material (OM) percentage, and higher salinity,
suspended particulate matter (SPM) concentration and oil concentration. The main dominant species shifted
from Polychaeta taxa in 2010 to Mollusca taxa in 2013 due to the changes of environmental variables.
An apparent miniaturization tendency in body size of macrobenthic species was presented from 2010 to
2013. The biodiversity indices increased yearly from 2010 to 2013. However, inter-site homogenization
was observed in both the community structure and health status. Multivariate AZTI Marine Biotic Index
(M-AMBI) analysis showed that the health status of stations changed depending on its original status and
distance to the LAI. However, no signiﬁcant diﬀerences were found in the spatial distribution of either
environmental variables or abundance, biomass and biodiversity of macrobenthic communities. All the
results will provide a basis for the long-term ecological assessment of reclamation.
Keyword: macrobenthic assemblages; benthic health assessment; M-AMBI index; Longkou Artiﬁcial
Island; Bohai Sea

1 INTRODUCTION
The coastal regions are among the most rapidly
urbanizing places worldwide characterized by the
rapid development of the economy and the increase of
population (Ehrenfeld, 2000). The shortage of land
leads to extensive coastal reclamation in these regions.
Reclamation brings substantial economic beneﬁts and
provides more land for living and economic
development. In China, this proﬁt was up 2.7 times
the cost on average, along coastal areas (Li et al.,
2012). However, this process ignores the damage to
the marine ecosystem, especially the loss of marine
biotic resources. Reclamation aﬀects the marine
environment and ecosystem seriously by reducing

coastal wetland areas, decreasing biodiversity and
destroying the habitats as well as damaging the
ecosystem service (Wang et al., 2014).
Macrobenthic fauna is an ideal indicator for
monitoring environmental changes due to their
limited mobility and high sensitivity to environmental
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changes of macrobenthic communities due to the
construction of the LAI have not been investigated yet.
The aim of the present study is, (1) to investigate
the recent changes of the macrobenthic community
before and during the physical disturbance related to
the construction of the LAI, (2) to understand the
benthic ecological health in the LAI areas, and (3) to
provide theoretical guidance for the reclamation
construction planning, ecological protection, and
sustainable development.

2 MATERIAL AND METHOD

Fig.1 Sampling stations in four surveys on Longkou
Artiﬁcial Island (LAI) (survey stations: 1–6)

2.1 Study areas and sampling procedure

changes (Bilyard, 1987). Previous investigations have
proved that the reclamation activities aﬀected the
macrobenthic fauna in several ways: disturbed the
benthic infauna by decreasing the species richness,
density, biomass, and biodiversity (Suo et al., 2015);
signiﬁcantly changed the community structure by
decreasing the family number and abundance of
macrobenthos (Lu et al., 2002). Meanwhile, the selfrestoration and resistance eﬀect in a nature reserve
may reduce the inﬂuence of reclamation over time
(Lv et al., 2016).
Longkou Bay is a subsidiary bay in the northeastern
corner of Laizhou Bay, Bohai Sea. The water depth of
Longkou Bay is less than 10 m in its inner part and
10–20 m in its outer part. The sediment type is mainly
composed of silty clay. With the rapid development of
local coastal economy in the past years, the shortage
of land use in the Longkou district was becoming an
imperative issue. To expand more land for living and
factories, the Longkou Artiﬁcial Island (LAI) was
constructed in January 2011. More than 6.3×107 m3 of
reclamation projects were completed, forming
coﬀerdams and construction channels of 8.5×104 m in
one year. Up until June 2012, the length of all
coﬀerdams was 1.2×105 m and the total value of the
project was up to 1.2×108 m3. To minimize the impacts
of reclamation on the local marine ecosystem, the
LAI project adopted an advanced mode combining
oﬀshore artiﬁcial island construction and block group
ﬁlling technology (An, 2010).
Previous investigations on the impacts of the LAI
were focused on the marine environment. An et al.
(2010a) found that the current velocity and direction
varied signiﬁcantly due to the construction of the
LAI. The composition of surface sediment also
changed in the decrease of sand content and increase
of clay content (Ren et al., 2016). However, the

The
sampling
area
is
located
on
102.125°E–120.2776°E and 37.575°N–37.678°N.
Six sampling stations were set both inside and outside
of Longkou Bay to investigate the spatial diﬀerences
of macrobenthic assemblages (Fig.1).
Since the construction activities had not been
completed during this survey, the results presented
here reﬂected only the status of macrobenthic
communities before and during the operation. The
artiﬁcial island construction started in January 2011.
Hence, four surveys were carried out on September
2010, 2012, and August 2011, 2013. We combined the
sampling station and survey year manually for a
clearer description, namely, A–D represent the years
from 2010 to 2013, respectively; for example, station
A1 means that station 1 was sampled in 2010. Eight
sediment samples were collected by using a 0.025-m²
Van Veen grab at each station and merged into one
sample, then sieved through a 0.5-mm mesh and ﬁxed
in 95% ethyl-alcohol. Organisms were identiﬁed to
the lowest possible taxonomic level, then counted and
weighted to an accuracy level of ±0.001 g. The
abundance and biomass data were transformed to
individuals per square meters for analysis later.
2.2 Environmental variables
The environmental variables measured and
analyzed included water depth, salinity, dissolved
oxygen (DO), pH, suspended particulate matter
(SPM) concentration, nutrient concentrations (NH+4-N,
NOˉ2-N, NOˉ3-N, PO34ˉ-P) in bottom water (1m above
the bottom); organic material (OM) percentage, grain
size and oil, trace element concentration of the bottom
sediment. Among these, the depth, salinity, DO, pH,
and SPM concentrations were measured by CTD
(Sea-Bird Electronics Inc., Bellevue, WA, USA).
Estimations of nutrients (NH+4-N, NOˉ2-N, NOˉ3-N,
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Table 1 Mean values of physico-chemical parameters of
sediment and seawater in 4 surveys
2010

2011

2012

2013

Sand (%)

22.05

21.91

26.83

–

Silt (%)

69.03

69.10

64.78

–

Clay (%)

8.92

8.99

8.39

–

Cu (10 )

21.80

22.88

21.97

22.30

-6

Pb (10 )

17.92

19.28

18.93

16.60

Zn (10-6)

39.20

39.97

40.75

40.33

Cd (10-6)

0.15

0.15

0.13

0.14

Cr (10 )

22.97

22.95

24.43

23.35

Oil (10 )

26.38

27.68

30.03

144.67

OM (%)

0.42

0.33

0.39

0.31

Depth (m)

11.72

11.67

12.03

7.72

-6

Sediment

-6

-6

Seawater

Salinity

28.09

27.87

28.02

30.64

DO (mg/L)

9.74

10.12

9.60

1.65

pH

8.34

8.34

8.35

8.15

SPM (mg/L)

29.05

37.32

101.37

90.43

NOˉ3-N (mg/L)

0.33

0.35

0.41

0.37

NH -N (μg/L)

17.55

18.67

20.03

13.77

NOˉ2-N (μg/L)

5.62

9.11

9.11

7.78

PO34ˉ-P (μg/L)

3.81

4.13

3.95

3.19

+
4

PO34ˉ-P) were performed on a gas-segmented
continuous ﬂow system (Auto Analyzer 3, SEAL
Analytical, Germany). The percentage of OM in the
sediment was estimated by incinerating a known
weight at a temperature of 450°C for 12 h. Sediment
grain size was obtained using Mastersizer 2000 Laser
Particle Sizer (Malvern Instruments Limited, UK),
which was capable of measuring grain sizes from
0.02 to 2 000 μm, with a relative error of less than 1%.
The sediment trace element contents and oil were
analyzed by inductively coupled plasma mass
spectrometry (ICP-MS) (Perkin-Elmer, USA)
referring to GB17378.5-2007.
2.3 Statistical analysis
Dominant species were calculated with the
following equation (Xu and Chen, 1989):
Y=(Ni/N)×fi,
where N is the total abundance of all the stations; Ni is
the abundance of the species i of all the stations, and
fi is the occurrence frequency of the species i of all the
stations.
Software packages Primer 7 was adopted to analyze
the diversity and community structure of macrofauna
based on the abundance data.
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Benthic health stress level was analyzed by the
Multivariate AZTI Marine Biotic Index (M-AMBI)
(Borja and Muxika, 2005). M-AMBI was computed
by the AZTI’s Marine Biotic Index (AMBI) program
(Version 5.0) on the basis of the AMBI guidelines,
which were available free online (http://ambi.azti.es).
The threshold values for the M-AMBI conditions
were as follows: ‘high’ quality>0.77, ‘good’=0.53–
0.77, ‘moderate’=0.38–0.53, ‘poor’=0.20–0.38, and
‘bad’<0.20 (Borja and Tunberg, 2011). All of the nonbenthic invertebrate taxa (ﬁsh and megafauna) were
removed (Borja and Muxika, 2005). The reference
conditions for M-AMBI in this area followed the
method: we chose the lowest AMBI (0) and highest
diversity H′ and richness of the four surveys, then
increased it by 15% of the highest diversity and
richness (Li et al., 2017).
The relationship between environmental variables
and dominant species and biodiversity indices were
analyzed by the redundancy analysis (RDA)
ordination diagram, because the longest gradients in
all the detrended correspondence analysis (DCA) was
shorter than 3.0 (Ter Braak and Smilauer, 2002). The
diﬀerence in environmental variables, species
composition and biodiversity among surveys, and
stations, were tested by the two-way ANOVA
permutation test due to limited sample data, and the
Tukey test was applied for pairwise comparisons to
check whether there were any signiﬁcant diﬀerences
among stations or surveys. Pearson correlation
analysis was adopted to analyze the relationship of
environmental variables and potential inﬂuence
factors. All the analyses were conducted using
software R 3.5.3.

3 RESULT
3.1 Environmental variables
The mean annual value of physico-chemical
parameters of sediment and seawater are shown in
Table 1. The pH (R mean Sq=0.099, P<0.01, Twoway ANOVA permutation test), salinity (R mean
Sq=18.181, P<0.01, two-way ANOVA permutation
test), concentration of DO (R mean Sq=1.692,
P=0.046<0.05, two-way ANOVA permutation test),
SPM (R mean Sq=18 481, P<0.01, two-way ANOVA
permutation test) in seawater and concentration of
OM (R mean Sq=0.023, P=0.036<0.05, two-way
ANOVA permutation test), oil (R mean Sq=38278,
P=0.004<0.01, two-way ANOVA permutation test) in
sediment showed signiﬁcant temporal diﬀerences
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Fig.2 Categories of species of main taxa groups appeared
during survey years

among survey years. Almost all the diﬀerences were
induced by the diﬀerences between 2013 and other
surveys. For example, the mean annual value of pH in
seawater decreased about 0.2 unit in 2013 than in
other surveys (P<0.01, Tukey test). The salinity
increased 2.54–2.76 in 2013 than in other surveys
(P<0.01, Tukey test). The concentration of DO in
2013 decreased 1.00 mg/L than in 2011. The
concentration of SPM increased 53.12–72.32 mg/L in
2012 and 2013 than in 2010 and 2011 (P<0.01, Tukey
test). The concentration of OM in sediment decreased
about 0.10 in 2011 and 2013 than in 2010 (P<0.05,
Tukey test). The concentration of oil in sediment
increased 114.63×10-6 to 118.28×10-6 in 2013 than in
other survey years (P<0.05, Tukey test).
All the parameters of seawater showed no
signiﬁcant spatial diﬀerences among stations during
the survey period. The concentration of the trace
element (Cu) (R mean Sq=39.45, P=0.017<0.05, twoway ANOVA permutation test), and the percentage
composition of sand (R mean Sq=0.023,
P=0.036<0.05, two-way ANOVA permutation test)
and silt (R mean Sq=585.64, P<0.01, two-way
ANOVA permutation test) in sediment varied
signiﬁcantly among stations. The mean value of the
percentage composition of sediment varied among all
the stations, with the highest silt value but lowest sand
value in station 2, and lowest silt value but highest
sand value in station 5. The concentration of Cu in the
sediment in station 2 was distinctively higher than
that of stations 3, 4, 5, 6. In addition, the concentration
of Cu in station 1 was evidently higher than those in
station 4.

Dominant species

2010

2011

2012

2013

Crustacea

Gammarus sp.

0.023

Mollusca

Umbonium thomasi

0.043

Mollusca

Moerella jedoensis

0.238

Mollusca

Teora fragilis

0.074

Others

Lineus sp.

Polychaeta

Nephtys californiensis

0.044

0.047

Polychaeta

Glycinde gurjanovae

0.026

0.050

Polychaeta

Nephtys sp.

0.066

Polychaeta

Neanthes japonica

0.064

0.022

Polychaeta

Scolelepis sp.

0.040

0.035

0.028

Polychaeta

Glycera chirori

Polychaeta

Capitella sp.

Polychaeta

Terebellides stroemii

0.068

Polychaeta

Pista cristata

0.058

0.032

Note: the ﬁgures are the value of dominant index Y.

3.2 Species composition and dominant species
In total, 67 species were identiﬁed in 4 surveys: 25
species in 2010, 23 species in 2011, 27 species in
2012, and 27 species in 2013. Polychaeta was the
dominant group, which contributed most to the total
species (more than 40%), then followed by Mollusca,
Crustacea, Echinodermata, or others in all survey
years (Fig.2). However, not all the macrobenthic
groups were found in every survey. For example,
other taxa were not found in 2010 and Echinodermata
taxa were not found in 2011 and 2012 in the survey
areas. The number of the taxa decreased in 2011 when
the reclamation was conducted and then increased in
2012 and 2013, which was eventually higher in 2012
and 2013 than in 2010.
The dominant species changed annually from 2010
to 2013. In 2010, Polychaeta species, N. californiensis
and Glycinde gurjanovae were identiﬁed as dominant
species. More dominant species were presented in the
survey areas in 2011 and 2012 after the reclamation.
The dominant species changed to 2 Polychaeta taxa
and 2 Mollusca taxa in 2013. The dominated group of
the community shifted from Polychaeta taxa in 2010
to Mollusca taxa in 2013 (Table 2).
3.3 Abundance and biomass
The average abundance of macrobenthos changed
annually from 2010 to 2013, with the total average
value of (771.67±104.54) ind./m², (106.67±40.58) ind./
m² in 2010, (165.00±59.25) ind./m² in 2011,
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3.4 Diversity indices
The number of species (S) (R mean Sq=67.5,
P<0.01, Two-way ANOVA permutation test),
Shannon-Wiener diversity (H′) (R mean Sq=3.113,
P=0.001<0.01, Two-way ANOVA permutation test)
and Margalef’s index (d) (R mean Sq=1.348, P<0.01,
Two-way ANOVA permutation test) showed a
distinctly increasing trend from 2010 to 2013 (Fig.4).
The results of the pairwise test revealed that the
number of species, Shannon-Wiener diversity (H′)
and Margalef’s index (d) in 2013 increased
signiﬁcantly by 4.67, 1.04, 0.63 than those in 2010
(P<0.01, Tukey test). The increment of Margalef’s
index (d) was also signiﬁcant in 2012 compared to
2010 (P=0.013<0.05, Tukey test). However, none of
these indices diﬀered signiﬁcantly among stations
(P>0.05, Two-way ANOVA permutation test).
3.5 Community structure
Five groups were signiﬁcantly clustered based on
the abundance data by the non-metric multidimensional
scaling (nMDS) ordination (P<0.05) (Fig.5). The
detailed stations in 5 groups are the following: all of
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(155.00±2.20) ind./m² in 2012, and (345±216.20) ind./m²
in 2013, respectively. The average biomass changed
annually as follows: (37.55±6.35) g/m² of the total
average biomass, (6.49±0.95) g/m² in 2010,
(16.00±3.67) g/m² in 2011, (13.09±9.67) g/m² in 2012,
and (1.96±1.62) g/m² in 2013, respectively. The total
abundance (R mean Sq=149107, P=0.005<0.01, Twoway ANOVA permutation test), abundance of Crustacea
(R mean Sq=3 853.3, P=0.009<0.01, two-way ANOVA
permutation test), Mollusca (R mean Sq=41 255,
P=0.025<0.05, two-way ANOVA permutation test),
and Echinodermata (R mean Sq=367.5, P=0.043<0.01,
two-way ANOVA permutation test) showed signiﬁcant
diﬀerences among survey years; however, the
diﬀerences of abundance and biomass among stations
were not signiﬁcant (P>0.05, two-way ANOVA
permutation test). Further analysis showed that the
total abundance of macrobenthos was signiﬁcantly
higher in 2013 than in 2010 (P=0.012<0.05, Tukey
test). The abundance of Crustacea taxa also showed
apparent increment (36.67 ind./m²) in 2013 compared
to 2010 (P=0.027<0.05, Tukey test).
The total abundance and biomass of macrobenthos
ﬂuctuated irregularly from 2010 to 2013. However,
the higher abundance value and lower biomass value
of main taxa groups in 2013 were clearly shown
compared to other survey years (Fig.3).

Abundance (ind./m2)

No.6

0

0
2010 2011 2012 2013
Abundance

2010 2011 2012 2013
Biomass

Fig.3 Abundance and biomass of main taxa groups of
macrobenthos in 4 surveys

the stations in 2013 and station 6 in 2010; most
stations in 2010; most stations in 2011, and 2012;
only two stations, respectively.
Two-way analysis of similarities (ANOSIM)
indicated signiﬁcant temporal diﬀerences (R=0.528,
P<0.01) but no spatial diﬀerences (R=0.095, P>0.05).
The pairwise test showed that the community structure
of 2013 was signiﬁcantly diﬀerent from the other 3
years, 2010 (R=0.456, P<0.01), 2011 (R=0.849,
P<0.01), and 2012 (R=0.709, P<0.01). The
community structure of 2011 was also evidently
diﬀerent from 2010 (R=0.309, P<0.05).
Three groups were divided objectively by the
survey years based on the results of MDS ordinations
to see the diﬀerence in macrobenthic communities
among survey years. Group 2010 included all the
stations in 2010; Group 2011–2012 included all the
stations in 2011 and 2012; and Group 2013 included
all the stations in 2013. SIMPER analysis revealed
that the average similarity increased among 3 groups
by years. The average similarity of Group 2010 was
7.24, with the main contributors of Moerella jedoensis,
Nephtys californiensis and Glycinde gurjanovae. The
average similarity of Group 2011–2012 was 22.86,
with the dominant species of Neanthes japonica,
Nephtys sp., Glycera chirori, Scolelepis sp., Umbonium
thomasi, Gammarus sp., and Capitellidae. The average
similarity of Group 2013 was 36.51, with the primary
contributors being Moerella jedoensis, Terebellides
stroemii, Teora fragilis, and Pista cristata.
3.6 Assessment of benthic health
Overall, the ecological status (ES) of most sampling
stations was in ‘good’ to ‘high’ ES and only station 2

1816

J. OCEANOL. LIMNOL., 38(6), 2020

Vol. 38

Station
1

2.0

2
3

Margalef’s index (d)

Number of species

12

4
5
8

6

1.5

1.0

4
0.5
2010

2011

2012

2013

Shannon-Wiener diversity (H')

0.9
Pielou’s index (J')

2010

2011

2010

2011

2012

2013

3.5

1.0

0.8

0.7

3.0

2.5

2.0

1.5
0.6
1.0
2010

2011

2012

2013

Year

2012

2013

Year

Fig.4 Species number and three biodiversity indices in all survey years and stations
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Fig.5 Non-metric MDS analysis of macrobenthic
community structure for all sampling stations from
2010 to 2013
A. 2010; B. 2011; C. 2012; D. 2013

was in ‘moderate’ ES in 2012 (Fig.6). Two stations
were in ‘high’ ES in 2010 and then only one station
was in ‘high’ ES from 2011 to 2013. The ES of station
3 that was relatively far from the LAI was getting
better from 2010 to 2013. However, the ES of station

2 that was close to the LAI worsened compared to
other stations from 2010 to 2012, although it appeared
to have some improvement in 2013. The ES of stations
1 and 4 were also getting worse in 2011 and then
improved in 2012 and 2013 but they did not recover
to the ‘good’ status of 2010. Station 5 was better in
2011 than in the other three years. However, station 6
did not show any distinctive changes from 2010 to
2013. It can be concluded that the construction of LAI
imposed diﬀerent impacts on this area, namely
negative eﬀects on the ES of stations 1, 2 and 4;
positive eﬀects on the ES of stations 3 and 5, and no
eﬀects on station 6.
3.7 The relationship of macrobenthos and
environmental variables
Based on RDA analysis, 16 environmental
variables could explain 74.51% of the total variation.
Permutation test showed that the environmental
variables, concentration of Pb, oil, OM percentage of
the sediment and pH, and the salinity of seawater,
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signiﬁcantly
inﬂuenced
the
macrobenthic
communities and were signiﬁcantly correlated with
RDA1 and RDA2 (P<0.05). The biomass of the
macrobenthos including total biomass, biomass of
Polychaeta, Mollusca, and Crustacea were positively
related to pH, Pb, DO, depth, and the nutritive salt
(NOˉ2-N, NH+4-N, phosphate). The diversity indices (S,
d, J′, H′) and abundance of Polychaeta were related
positively to the concentration of some trace mental,
OM percentage in the sediment and pH in the
seawater. Total abundance of macrobenthos and the
abundance of Mollusca, Crustacea, and Echinodermata
were related positively to salinity, SPM concentration
in the seawater, and oil in the sediment (Fig.7).
Permutation tests showed that the environmental
variables, concentration of Pb, Cd, Cr, oil percentage
of the sediment, and pH, salinity, and depth of
seawater, signiﬁcantly inﬂuenced the abundance of
dominant species and were signiﬁcantly correlated
with RDA1 and RDA2 (P<0.05). The dominant
species in 2013 were correlative positively to the
salinity and SPM concentration in seawater, and oil
concentration in sediment. The species (Scolelepis
sp., Capitella sp., Umbonium thomasi, and Neanthes

japonica) that were tolerant to contamination were
related positively to most trace metal in sediment, and
these species were mainly dominant in station 1 and 2
in 2011 and 2012. The dominant species, Glycinde
gurjanovae and Nephtys californiensis, in 2010 and
Glycera chirori, Nephtys sp., Gammarus sp., and
Lineus sp. in 2011 and 2012 were positively correlative
with pH, DO, depth and Cr, and Pb concentration in
the sediment. These species were mainly found in
stations 4, 5, and 6 from 2010 to 2012 (Fig.8).
3.8 The potential inﬂuential factors
environmental variables besides those
reclamation

of
of

Some inﬂuential factors reﬂected climate change
and human disturbance in Longkou district (Table 3),
which might be closely associated with the detected
important environmental variables to macrobenthic
communities. The average temperature increased by
0.7°C from 2010 to 2013. The average rainfall was
especially higher in 2013 than it was in other years.
The production of sea ﬁshing decreased by years from
2010 to 2013, and the production of mariculture was
evidently higher in 2010 and decreased in 2011 and
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Table 3 The potential inﬂuential factors of environmental variables in Longkou district from 2010 to 2013
Factor

2010

2011

2012

2013

Source

Average temperature (°C)

12.6

12.5

12.8

13.3

Yantai Statistic Yearbook

Average rainfall (mm)

698.0

556.4

582.7

900.5

Yantai Statistic Yearbook

Production of sea ﬁshing (t)

8 467

7 918

4 082

3 860

Yantai Statistic Yearbook

Production of mariculture (t)

32 457

5 400

3 780

17 100

Yantai Statistic Yearbook

Volume of water supply (m )

1 591

1 610

1 679

1 688

Yantai Statistic Yearbook

Cargo handling capacity of Longkou Port (t)

5 029.9

6 033.7

6 655.9

7 058.2

Yantai Statistic Yearbook

Reclamation project (10 m )

0

6.3

12

–

https://baike.baidu.com/item/Longkou Artiﬁcial Island

3

7

3

– means no data in 2013.

Table 4 Pearson correlation results of environmental variables and potential inﬂuential factors
Sediment

Seawater

Pb

Cd

Cr

Oil

OM

pH

Salinity

Depth

SPM

DO

Average temperature

-0.48

-0.14

0.07

0.64*

-0.31

-0.90**

0.94**

-0.44

0.63**

-0.54

Average rainfall

-0.57

-0.03

-0.05

0.62*

-0.21

-0.90**

0.93**

-0.45

0.25

-0.49

Production of sea ﬁshing

0.22

0.23

-0.18

-0.42

0.25

0.56

-0.60

0.26

-0.87**

0.43

Production of mariculture

-0.32

0.11

-0.13

0.07

0.32

-0.14

0.17

-0.07

-0.43

-0.12

Volume of water supply

-0.22

-0.23

0.18

0.44

-0.29

-0.58

0.62**

-0.28

0.86**

-0.43

Cargo handling capacity

-0.16

-0.18

0.13

0.45

-0.46

-0.61

0.62**

-0.29

0.77**

-0.34

Reclamation project

0.24

-0.21

0.21

0.10

-0.23

0.17

-0.19

0.04

0.79**

-0.09

Signiﬁcant level: *, <0.05; **, <0.01. OM: organic material; SPM: suspended particulate matter.

2012, then increased in 2013. The volume of water
supply and cargo handling capacity of Longkou Port
increased year by years. Since 2011, 12×107 m3
projects have been completed in 2 years (Table 3).
The status of seawater was especially inﬂuenced
by human activities and climate change. The pH was
negatively correlated to average temperature and
rainfall of Longkou (P<0.01). Salinity was positively
related to average temperature, average rainfall,
volume of water supply, and cargo handling capacity
of Longkou Port (P<0.01). The concentration of SPM
was positively correlated to average temperature, the
reclamation project, the volume of water supply, and
the cargo handling capacity of Longkou Port, but was
negatively related to the production of sea ﬁshing
(P<0.01). In the sediment, the oil concentration had a
signiﬁcantly positive correlation with average
temperature and rainfall of the Longkou district
(P<0.05) (Table 4).

4 DISCUSSION
4.1 The changes of environmental variables and
macrobenthic community structure related to the
reclamation in Laizhou Bay
The environmental variables and macrobenthic

community did not show any distinctive changes
from 2010 to 2011 when the construction started in
January 2011. Further, they were absolutely abnormal
in 2013 and showed signiﬁcant diﬀerences compared
with those in other surveys, which might be explained
by the time lag eﬀect of reclamation activities on the
adjacent marine environment and macrobenthic
community. Otherwise, the average rainfall,
production of mariculture and cargo handling capacity
of Longkou Port was absolutely higher in 2013, which
might also cause the distinctive changes in
environmental variables and communities in 2013.
The signiﬁcant correlation between environmental
variables, pH, salinity, and SPM concentration, and
other human activities besides reclamation could
further testify to our hypothesis (Table 4).
Although the inﬂuencing factors were diverse, and
the mechanism of modiﬁcation of environmental
variables and communities were complicated, the
eﬀect of reclamation was distinct because LAI
suddenly appeared in 2011 but was completed in 2016
due to its original plan and some other factors are
leading to continuous damage to the environment and
biological communities all the time. Besides, it has
been found that the reclamation could cause serious
problems: damage to coastal ecosystems, and
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deterioration of marine environment, such as
increasing water turbidity, sediment deposition, and
variation of the hydrodynamic environment (Dugan
et al., 2008; Yan et al., 2015; Duan et al., 2016).
Hence, the sudden disturbance of the LAI project will
inevitably lead to changes on the biological
communities in Longkou Bay.
In our surveys, more dominant-species appeared
when the construction started in 2011 and the
biodiversity increased each year. However, these
changes do not indicate a good status of macrobenthic
communities, which could be explained by the
Intermediate Disturbance Hypothesis (IDH). The
theory of IDH states that the biodiversity of biocommunities will be kept at a high level under
intermediate frequency or intensity of disturbances
(Wilkinson, 1999; Gerwing et al., 2017). The
reclamation project changed the benthic habitat and
decreased the absolute dominant status of preexisting
dominant species, which oﬀer more chances for other
species to survive and spread. This phenomenon was
also reported in other surveys. Lu et al. (2002)
indicated that the family number and abundance of
macrobenthos increased with distance from the
reclaimed areas. Yan et al. (2015) also pointed out that
a low-intensity reclamation could increase species
diversity and biomass.
Simultaneously, the miniaturization of species and
homogenization of the structure of communities have
happened in the survey areas. The phenomena were
indicated by the increasing average similarity among
stations over time and the high discrepancy between
total abundance and total biomass in 2013, separately.
The miniaturization happened continuously in
Laizhou Bay for a long time. In the 1980s, the
macrobenthic community of Laizhou Bay was
dominated by large-body sized Mollusca Musculus
senhousei and Echinodermata Echinocardium
cordatum (Sun and Liu, 1991). However, the dominant
species shifted to smaller body size individuals of
Polychaeta, Bivalve, and Crustacea since the 1990s
(Zhou et al., 2007; Liu et al., 2014). The trigger
factors leading to this scenario might be
comprehensive, due to the complication of
physicochemical and biological factors (Pearson and
Rosenberg, 1978; Dong et al., 2016). The construction
of the LAI would certainly aggravate this process. As
for the homogenizing eﬀects, it can be seen from the
health status of macrobenthic communities. The
health status of station 2 was deteriorating after
reclamation while station 3 changed from the worst
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status to the best status among all the stations. The
eﬀects of reclamation may be dependent on both the
distance from the reclamation areas and the original
status of the station.
No remarkable spatial heterogeneities were
observed for the abundance, biomass, and biodiversity
of macrobenthic communities and environmental
variables of seawater, whereas, signiﬁcant temporal
changes occurred due to the synchronous changes of
climate and anthropic perturbation. The main reasons
can be explained as follows: the areas we surveyed
were relatively on a small-scale, which were only
situated inside and outside of Longkou Bay in Laizhou
Bay, Bohai Sea. The ﬂuidity of seawater could cause
the similarity of environmental variables of seawater
in such a small-scale area. For the immobile sediment,
the percentage of silt and sand was signiﬁcantly
diﬀerent among stations. The main taxa groups of
biological communities are highly consistent in this
small-scale area. The abundance, biomass, and
biodiversity were based on the data of all species in
the taxa groups or macrobenthic communities, so
these indices may fail to show the detailed distinction
of each species in communities.
The environmental status deteriorated by time with
lower values of pH, DO, OM percentage and higher
values of salinity, SPM concentration, and oil
concentration after the construction of LAI. Besides,
the macrobenthic communities also showed changes
with lower ecological status of dominant species and
miniaturization of species. However, the health status
of the stations was in “good” to “high” levels except
station 2 among survey periods. This discrepancy was
explicable because the health status was based on the
ecological status of every species in the station and it
could not be inﬂuenced signiﬁcantly by only a few
dominant species and the body size of species. What
is more, the benthic health could not respond as
quickly as the environmental status to the perturbation.
Although the benthic health status of most stations
was good in our research period, station 2 has shown
moderate disturbance trends due to the LAI
construction. It will be hard to keep this good status in
the future due to the deteriorated environment besides
the lasting dramatic project disturbance.
The direct and subsequent impact from reclamation
on the marine ecosystem might last for a short time or
quite a long period. The recovery of the community
from the impacts of dredging activities caused by
coastal reclamation may last 2 to 10 years (Newell et
al., 1998). Here, we also emphasize our limitations in
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this present work. Due to the limited surveys before
reclamation and because no compatible reports were
found to ﬁll this gap, we could not draw a clear
conclusion on the succession of bio-communities and
the representative status of macrobenthos before
reclamation. Additionally, the construction phase had
not been completed yet during our surveys, so the
overall inﬂuence of reclamation might have been
seriously underestimated.
4.2 The relationship between macrobenthic
communities and environmental variables in
Laizhou Bay
The RDA ordination analysis showed that the
environmental variables, depth, salinity, and pH in
seawater and oil, and trace metals (Pb, Cr, Cd) in
sediment, signiﬁcantly inﬂuenced the macrobenthic
communities.
Depth and salinity were important factors
regulating the distribution pattern of macrofauna
(Hagberg et al., 2003; Zhang et al., 2016; Xu et al.,
2018). Usually, the deeper regions have lower
temperature and higher salinity (Liu et al., 1986). It
seems that the depth was correlated negatively with
salinity in our study, which may be caused by the
complicated disturbance in the semi-closed bay.
Station 2 was situated in the semi-closed area created
by LAI where signiﬁcant deposition occurred (An et
al., 2010) and the depth here was changed from 9.8 m
in 2010 to 5.5 m in 2013. This may also be the cause
of the worse health status of station 2 compared to
other stations.
Acidiﬁcation generally has a negative eﬀect on
calciﬁcation of species, such as Mollusca, sea urchin,
Crustacea (Byrne and Przeslawski, 2013). Therefore,
the Crustacea Gammarus sp. and Mollusca Umbonium
thomasi were distributed mainly in areas with high
pH. Obviously, the biomass was correlated positively
to pH in our study because the Mollusca and Crustacea
were the main contributions to biomass.
The sediment contaminants, oil, and trace metal
are sub-toxic to marine biology. They will be
cumulated and transferred by macrobenthic species
via the food cycle (Gesteira and Dauvin, 2005;
Rabaoui et al., 2015). Some small-size Polychaeta
species (Scolelepis sp., Capitella sp., Glycinde
gurjanovae, Nephtys californiensis) with high
tolerance to contaminants were positively correlated
with trace metal in sediment. The dominant species
changed from Polychaeta (carnivorous group, trophic
level IV) in 2010 to Bivalve (planktophagous group,
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trophic level II) and Polychaeta (detritivorous group,
trophic level II) in 2013. These lower trophic level
species might have been more adaptive to the new
habitat with higher salinity, and oil concentration in
2013. The deﬁnition of functional groups was referred
to Li et al. (2013).
It is unreasonable to attribute the cause of the
observed variation to the measured variables because
other unmeasured variables may be more responsible
(Zhou et al., 2007). The environmental variables
measured could only partially explain the variation of
the macrobenthic communities. Sediment type is also
an important factor determining the distribution of
species by inﬂuencing the availability of foods and
habitat heterogeneity for macrobenthos (Shou et al.,
2018). Unfortunately, the sediment composition was
not included in RDA analysis due to missing values in
2013. In the present work, Echinodermata taxa were
not found but the Nemertinea appeared in 2011 and
2012 after the construction of the LAI, which may be
related to the sediment type. Li et al. (2013) analyzed
the benthic functional group in the Laizhou Bay and
found the ratio of Echinodermata in total macrobenthic
biomass decreased signiﬁcantly compared to
Echinodermata data in 1988. He concluded that this
was most possibly attributed to the changing of local
habitat, especially the changing of sand grain size.
Echinodermata Amphiura vadicola prefers to live in
the sand substrate with a grain size of MdΦ0.36–
0.78 mm (Lu et al., 2008). The reclamation of the LAI
modiﬁed the grain size of sediment by increased clay
content (MdΦ<4 mm) (Ren et al., 2016). For this
reason, the changing habitat was no longer suitable
for the survival of A. vadicola. On the contrary,
Nemertinea species Lineus sp. was not found in 2010,
but then reoccurred from 2011 to 2013. The new
forming habitat by reclamation activities might be
suitable for these animals’ survival and growth. The
health status of station 2 was getting worse after the
construction of the LAI, which can also be related to
its higher silt percentage and concentration of Cu in
sediment. Station 2, closest to the LAI, had the worse
status, which was caused notably by the reclamation
construction.
The eﬀects of climate change and anthropic
activities are complicated and synergistic on
ecological systems. In the correlation analysis, we
found that the pH, oil concentration, and salinity were
signiﬁcantly related to average temperature and
rainfall in the Longkou district. The substantial
changes in the environmental variables were also
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related to climate change. Water depth in the Longkou
Bay could be aﬀected by the reclamation projects and
dredging of the Longkou Port (An et al., 2010). The
SPM was created by the construction of the LAI (You
and Chen, 2019). Oil, as the main pollutant was also
reported in 2010 due to the vessel leakage in Longkou
Port (Han et al., 2010). The oil concentration that
increased signiﬁcantly in 2013 was most possibly
caused by the increase of ﬁshing vessels in Longkou
Port (Table 4) and the release of it by the construction
equipment, such as excavators, loaders, bulldozers,
dump trucks, and rollers, during the reclamation
activities.
4.3 Recommendations on coastal reclamation
Our ﬁndings agree well with previous investigations
on the coastal reclamation. The coastal reclamation
has a great impact on the environment and the
ecosystem, including water turbidity, sediment
deposition and the grain size of sediment,
hydrodynamic environment, and macrobenthic
assemblages (An et al., 2013; Yan et al., 2013; Shen et
al., 2015). The local government has realized the
damaging eﬀects of reclamation on the ecological
environment and implemented the most stringent
control measures in 2018. However, some projects
are still carried out in Bohai Sea. Minimizing the
damage of the projects, environmental protection and
recovery are still urgently needed. Some suggested
recommendations are as follows:
1) the reclamation construction can lead to
signiﬁcant increase of SPM concentration, which will
aﬀect the survival of some key species seriously,
especially in their early development stage that is
sensitive to SPM, and will aﬀect the population
recruitment later. Therefore, the site selection of
reclamation should be more discreet, avoiding the
spawning period and the spawning grounds;
2) echinodermata taxa are more sensitive to coastal
reclamation, thus, great attention should be paid to
these coastal reclamation areas;
3) long-term surveys on macrobenthic communities
are necessary for the assessment of impacts of
reclamation on marine ecosystems due to the time lag
phenomenon of eﬀects from reclamation construction.
4.4 Limitations of our study
It will be hard to achieve any interesting ﬁnding
when analyzing the eﬀect of the mechanism of
reclamation on macrobenthic communities without
suﬃcient sampling. However, our survey focused on
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the temporary changes of macrobenthic communities
under the eﬀects of the LAI projects but not the
mechanism of the eﬀects, although it is very important.
The mechanism of the eﬀects on macrobenthos is
complicated and our limited data cannot make it clear
at all. The sample collection and species identiﬁcations
are time and labor consuming. The data cannot be
made available in a timely and easy fashion. Longterm analysis is meaningful for the macrobenthic
changes and eﬀects analysis of human activities such
as reclamation. However, the periodical survey and
reports on biological communities could give timely
information about the changes in the biological health
status. We hope our research will provide timely
information of the temporal status and changes of
environmental
variables
and
macrobenthic
communities due to the construction of the LAI and
then be a basis for further analysis of the eﬀects of
reclamation on marine ecological systems.

5 CONCLUSION
We investigated the changes of the environment
and macrobenthic assemblages related to the
construction of the LAI in Laizhou Bay. The
construction of the LAI had complicated eﬀects on
the environment and the macrobenthic community.
Our ﬁndings could provide a basis for the long-term
ecological assessment in the reclamation areas, as
well as a guideline for the management of reclamation
projects and a sustainable development strategy. The
main conclusions are followed:
1) the body of water and the sediment environment
were getting worse every year with lower values of
pH, DO, OM percentage and higher values of salinity,
SPM concentration, and oil concentration. These
changes will aﬀect the community in turn. For
example, higher abundance of some dominant species
in 2013 was related to higher salinity, SPM
concentration in seawater, and oil concentration in
sediment;
2) the species composition of the macrobenthic
community changed signiﬁcantly, which was
evidenced by the shift of the dominant species from
Polychaeta taxa in 2010 to Mollusca taxa in 2013.
More taxa of dominant species were found in 2011
when the construction started;
3) the average abundance and biomass of
macrobenthos also changed during the LAI
construction, represented by the increase of one to
two times the value of abundance and decreased two
to seven times the value of the biomass in 2013

No.6

LI et al.: Changes of subtidal macrobenthos in Longkou Bay

compared to other surveys. An apparent
miniaturization tendency in body size of macrobenthic
species occurred from 2010 to 2013;
4) we found a spatial homogenization of adjacent
habitat and community structure in survey areas
during the construction of the LAI Artiﬁcial Island,
indicated by the increased average similarity of biocommunities each year from 2010 to 2013;
5) the benthic ecological health changed due to the
distance from the LAI. The ES of station 3 that was
relatively far from the LAI was improving while the
ES of station 2 that was close to the LAI was getting
worse.
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