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Abstract  The construction of artificial reefs has unparallelly developed for a few decades in China. Artificial reefs can be used to 
manage and conserve commercially exploited fish and crustacea. However, their suitability as ecological niche is poorly character-
ized. Therefore, in this study, we detected the seasonal variation of community biodiversity and the corresponding driving environ-
mental factors. We also explored the relationships between dominant species and environmental factors to identify appropriate eco-
logical niche areas. Different statistical analysis methods were used to assess species distribution within an artificial reef area in 
Xixiakou during nine sampling events in four seasons between 2017 and 2018. Non-metric multidimensional scaling (NMDS) and 
cluster analysis results indicated that the components of community can be divided into two clusters. Complexity of community, 
which is exhibited by species number, biodiversity, and catch per unit effort (CPUE), was significantly higher in summer than in 
other seasons. Generalized additive model (GAMs) results revealed the significant effects of temperature and chlorophyll a on the 
community structure. Sebastes schlegelii, Hexagrammos otakii, Conger myriaster and Charybdis japonica were the dominant species 
in four seasons. GAMs results indicated that temperature, dissolved oxygen (DO), pH and chlorophyll a affect the CPUE of domi-
nant species significantly. The distinct suitable ecological niche for each dominant species was found in this study. For example, 
Charybdis japonica preferred to live in the area with 20.7–22.1 , dissolved oxygen 7.07℃ –7.15 mg L−1 and salinity 31.8–31.9. The 
results of this study are beneficial to resource conservation and fishery management. 
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1 Introduction 
Artificial reef areas which are produced by placing stones, 

abandoned fishing boats, oil platforms and concrete com-
ponents into suitable ocean environments have been boom- 
ing in China in recent years (Lima et al., 2019). Artificial 
reefs can enhance the vertical flux of nutrients and pro- 
mote the exchange between upper and lower water layers 
(Falcão et al., 2009). They also limit the fishing with trawl 
and provide shelter for fish (Hixon and Beets, 1989). The 
goals of constructing artificial reef areas include conserve- 
ing and proliferating fishery resources, improving the pri- 
mary productivity and restoring the damaged ecological 
system (Stephens and Pondella, 2002). 

Artificial reefs improve water exchange and change the 
type of substrate in original area. Hence, the benthic com- 
munity structure may change with the deployment of arti- 
ficial reefs. Species diversity is an important indicator of 
local ecological system. The assessment of artificial reef 
community structure is an important part of evaluating 
the effects of artificial reefs on the improvement of local 
ecological system. The variation in abundance and bio- 
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mass of important ecological and economical species af- 
fects the community structure significantly (Chiba and Sai- 
no, 2002). Dominant species account for a large part of the 
biomass and abundance of the entire demersal community. 
Hence, the spatiotemporal variation of the dominant spe- 
cies can reflect the dynamic changes of community struc- 
ture.  

Most of the studies have primarily involved the evalua-
tion of resource proliferation effects following reef de-
ployed (Dong et al., 2015; Tang et al., 2018), and described 
the differences in algae, benthic organisms and catch re- 
sources (Liu et al., 2015; Tang et al., 2016). They focused 
on the comparative analysis of resources and environmen- 
tal factors in reef areas and control plots (Vicente et al., 
2008; Kilfoyle et al., 2013; Lowry et al., 2014). In the com- 
plex interaction between resources and environmental fac- 
tors, temperature was found to be an important factor to 
influence species biomass (Lara and González, 1998). There- 
fore, the seasonal variation of fishery resources is a re- 
searching hotspot (Sumaila et al., 2011) while informa-
tion on the distribution of dominant species in huge tracts 
of continuous reefs in four seasons remains limited.  

Different approaches have been used to assess the im-
pact of seasonal variation on species diversity and envi-
ronmental factors (Guisan and Zimmermann, 2000). Uni-  
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variate analysis, such as that with generalized additive mo- 
del (GAM), can effectively reveal the single indicator’s 
change during four seasons. Multivariate analysis is often 
used to explore the interrelation between species and envi- 
ronmental factors. Combining cluster analysis with non- 
multidimensional scaling (NMDS) is able to explore the 
dynamics of complicated community (Li et al., 2004; Ma- 
nage, 2008; Valdes, 2008). Moreover, redundancy analy-
sis (RDA) and non-linear RDA are more powerful for de- 
tecting suitable habitat niches of dominant species distri-
bution. Most scientists use RDA to reveal the correlation 
between species and environmental factors, especially sig- 
nificant variables (Mcardle and Anderson, 2001; Jing et al., 
2010). But it is usually a unimodal response of the species 
distribution to the environmental gradient. Non-linear RDA 
works by adding a second order explanatory variable to a 
first order function and running forward selection of the 
variables, which is more suitable to find species ecologi-
cal niche (Makarenkov and Legendre, 2002). 

Xixiakou marine ranching, which locates in Shandong 
Province, China, has been deployed large amounts of arti- 
ficial reefs each year from 2006 to 2014 for stock enhance- 
ment and restoration of inshore marine ecological envi-
ronment. Due to the low-cost and convenience of quarry, 
stones and rocks have been the main materials of artificial 

reef in past few years, and they have mostly formed a cer- 
tain scale in current local sea ranching. However, the com- 
munity structure in the artificial reef area and its vari- 
ation among seasons have been rarely studied. The pur-
pose of this study is: 1) to analyze the variation of com-
munity structure and its driving environmental factors among 
four seasons, and 2) to explore the relationship between 
dominant species distribution and environmental factors in 
the artificial reef area. 

2 Materials and Methods 
2.1 Study Area and Sampling Procedures 

Xixiakou artificial reef locates in Weihai City, Shan-
dong Province (37˚23΄56΄΄N – 37˚24΄23΄΄N, 122˚32΄40΄΄E – 

122˚ 34΄30΄΄E). The survey area is 243 hm2 with water 
depths of 2 – 15 m (Fig.1). The seabed is mainly composed 
of silt and is geologically flat. Reefs have been deployed 
predominantly with crushed stones from 2006 to 2014. This 
study was performed using a random sampling method in 
four seasons, May (Spring), July (Summer), October (Au- 
tumn) and December (Winter), from 2017 to 2018. A total 
of 9 sample events were conducted at 68 active survey sta- 
tions, approximately 16 to 19 stations each season (Fig.1). 

 

 
Fig.1 Location of the studying area and surveying stations among four seasons. The area enclosed by shoreline, and grey 
lines outline the artificial reef zone.  

Accordion-shaped traps were used as the catch nets. 
Each group consists of 3 cages in series in a total length 
of 30 meters, one group each site. The nets were placed in 
the area and were surveyed for 48 h without any bait in all 
seasons. All catches were collected and brought back to 
the laboratory for species identification and biological mea- 
surements. 

The water depth (m) was measured with a sonar lattice 
fish detector. The temperature (Temp, ℃), salinity, dis-
solved oxygen concentration (DO, mg L−1) and pH value 
were measured with a YSI-Pro Plus multi-parameter water 
quality meter. Water was sampled with a plexiglass water 
collector and taken back to the laboratory. Chlorophyll a 
(Chl a, mg L−1), chemical oxygen demand (COD, mg L−1) 
were measured. According to our preliminary analysis, 
the water quality parameters, SiO3-Si (mg L−1), PO4-P (mg 

L−1) and total inorganic nitrogen, had little effect on spe-

cies distribution, therefore, these 3 factors were not dis-
cussed in this study. 

2.2 Data Treatment and Analysis 

To describe the local community structure characteris-
tics, Shannon-Weiner diversity index (Shannon D) and 
Pielou’s evenness index (J) were used in this study (Farré 
et al., 2013). They were calculated as follows: 

21
log
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where H' is the Shannon-Weiner diversity index, Pi de-
notes the proportion of species i individuals to the total 
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individuals in the community, s refers to the number of 
species, and Hmax is the maximum of the diversity index 
of all sites.  

To reduce the interference of low-probability capture spe- 
cies on community structure, the total number of fish was 
ranked before analysis, and the species were selected for 
the analysis when the number exceeded 99.9% of the total 
and a frequency of occurrence was greater than 5% (Lv  
et al., 2011). A total of 10 species were selected for analy- 
sis. We collected all species at each survey station and cal- 
culated the catch per unit effort (CPUE) reflected by bio- 
mass. Then, based on the selected 10 species, CPUE re- 
flected by species individual amount was calculated to avoid 
some light weight species.  

Pinkas index of relative importance (IRI) was used to 
assess the importance of a specific species in an aquifer 
community (Pinkas et al., 1971). Species with an IRI above 
1000 were defined as the dominant (Pinkas et al., 1971). 
We also calculated the CPUE of dominant species. 

The differences of environmental factors, CPUE and com- 
munity biodiversity index in four seasons (Ransom, 1974) 
were analyzed through one-way ANOVA and Turkey HSD 
test. The similarity of seasonal variation in community 
structure was distinguished by cluster analysis and NMDS 
(Möhlmann et al., 2017). The relationship between diver-
sity index, dominant species CPUE and environmental fac- 
tors was evaluated by generalized additive models (GAMs). 
GAMs are denoted as 

1
( ) ( )

p
j jj

g Y f x    ,          (3) 

where g is linking function, β is the intercept term, ε is the 
random error term, and fj denotes a non-parametric func-
tion of the jth independent variable. Before the processing 
of GAMs, CPUE data were transformed by log(x+1) to 
conform to the normal distribution, and the normal dis-
tribution of each response variable was tested by Q-Q plot. 
Based on the AIC and R-square values, we can find the 
optimal model (Hastie and Tibshirani, 1987).  

Species matrix was transformed by a Hellinger method 
to normalize the data to reduce the different order of mag- 
nitudes influence (Batáry et al., 2010). The catch codes 
included in the analysis are shown in Table 1, which con- 
stitute the ‘station × species abundance’ matrix. Canonical 
correspondence analysis is often used to explore the rela- 
tionship between environmental factors and the analyzed 
individual species (Lawesson, 2010). However, redundancy 
analysis (RDA) was performed in this study because the 
preliminary detrended correspondence analysis (DCA) in- 
dicated that the gradient length was less than 3 (Ter Braak 
and Smilauer, 2002). 

The variance inflation factor (VIF) was used to test the 
collinearity of the significant variables, and the variables 
with VIF values less than 10 were kept in the next analy-
sis (Lawesson, 2010). The significance of adding new vari- 
ables to the analysis was determined by stepwise unre-
stricted Monte Carlo Permutation test (999 iterations). Only 
significant variables (P < 0.05) were included. In addition, 
the nonlinear RDA method was used to detect the optimal 

ecological field of each dominant species, and the envi-
ronmental factors that had significant influence on species 
distribution were defined as the second-order explanatory 
variables. All analyses were performed using the R pro-
gramming language (ver 3.5.2, R Foundation for Statisti-
cal Computing). Cluster analysis was performed using the 
‘cluster’ package. GAMs were performed using the ‘mgcv’ 
package. Multivariate models such as NMDS, RDA and non- 
linear RDA were performed using the ‘vegan’ package. 

Table 1 List of analyzed fish species 

Symbol Species 

Sch Sebastes schlegelii 
Ota Hexagrammos otakii 
Myr Conger myriaster 
Jap Charybdis japonica 
Yok Pseudopleuronectes yokohamae 
Min Octopus minor 
Hub Sebastes hubbsi 
Amu Asterias amurensis 
Agr Hexagrammos agrammus 
Pec Asterina pectinifera 

 

3 Results 
3.1 Overview 

A total of 43 species were discovered in this study, in-
cluding 20 fishes, 12 crustaceans, 7 echinoderms, 2 cepha- 
lopods and 2 gastropods. The dominant species showed sea- 
sonal alternations. Sebastes schlegelii was the most domi- 
nant with the largest number and biomass in four seasons. 
Hexagrammos otakii was the dominant species in spring, 
summer and autumn. Conger myriaster was the dominant 
species in summer and autumn. Charybdis japonica was 
the dominant species only in summer. There were four do- 
minant species in summer, which possessed the most com- 
plex community structure in this season. There was only 
one dominant species (S. schlegelii) in winter, indicating 
that the community structure was simple in this season. 

In this study, 16 environmental variables were meas-
ured simultaneously with species abundances, and the re- 
sult from collinear test showed that the VIF of 6 variables 
were less than 10 (Table 2), and these 6 variables include 
temperature (℃), pH, salinity, COD (mg L−1), Chl a (mg 

L−1) and DO (mg L−1).   

Table 2 Correlations between environmental factors 
by ordination axis 

Environmental parameter Axis1 Axis2 R-sq. Sig.

Temp −0.999 −0.038 0.58 *** 
DO 0.999 −0.048 0.37 *** 
SAL 0.997 0.072 0.11 * 
pH 0.878 −0.479 0.16 ** 
COD −0.864 −0.503 0.21 ** 
Chl a 0.898 −0.440 0.14 * 

Notes: The significance of different variables was conducted by 
Monte Carlo Permutation test (999 iterations) and VIF less than 10. 
Axis1, Axis2, correlation between environmental factors and the 
ordination axes; Significance, ***, P < 0.001; **, P < 0.01; *, P < 

0.05. 
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The variation in environmental factors among seasons 
is shown in Fig.2 and Table 3. Salinity and pH value did 
not change much with season, and they tended to increase 
gradually from spring to winter. The highest concentration 
of Chl a was in spring (2.22 mg L−1), followed by that in 
winter (1.57 mg L−1), autumn (1.16 mg L−1) and summer (0.95 

mg L−1). Only spring was remarkable in difference from 
other seasons (P < 0.05). The DO concentration in descend- 
ing order was winter (12.4 mg L−1), spring (9.53 mg L−1), 

autumn (8.03 mg L−1) and summer (7.14 mg L−1). Except 
for summer and autumn, the pairwise comparison of DO 
was statistically significant (P < 0.05). The highest con-
centration of COD was found in autumn (1.12 mg L−1) and 
the lowest in winter (0.48 mg L−1). ANOVA results show- 
ed that except for winter, the COD change in three sea-
sons was not significant (P > 0.05). Water temperature 
exhibited significant seasonal changes, and its fluctuation 
range from 4.3  in winter to 21.5  in su℃ ℃ mmer (P < 0.05).  

 

 
Fig.2 Seasonal changes in environmental factors and biodiversity index. Chl a, chlorophyll a; COD, chemical oxygen 
demand; CPUE, catch per unit effort; DO, dissolved oxygen; J, Pielou’s evenness index; Shannon D, Shannon diversity 
index. 

Table 3 Summary of the pairwise comparison 

Factor Season Diff Lwr Upr Sig. 

Summer 8.33 6.65 10.02 *** 
Autumn 3.89 2.21 5.58 *** Spring 

Winter −8.79 −10.41 −7.17 *** 
Autumn −4.44 −6.15 −2.73 *** 

Summer 
Winter −17.13 −18.77 −15.48 *** 

Temperature (℃) 

Autumn Winter −12.68 −14.32 −11.04 *** 

 Summer −2.39 −3.66 −1.13 *** 
 Autumn −1.51 −2.77 −0.24 * Spring 

Winter 2.87 1.66 4.08 *** 
DO (mg L−1) 

Autumn 0.89 −0.39 2.17  
 

Summer 
Winter 5.26 4.03 6.49 *** 

 Autumn Winter 4.37 3.14 5.60 *** 

(to be continued) 
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(continued) 

Factor Season Diff Lwr Upr Sig. 

Summer 0.26 −0.15 0.66 – 
Autumn 0.95 0.54 1.36 *** Spring 
Winter 1.26 0.87 1.65 *** 
Autumn 0.69 0.28 1.11 *** 

Summer 
Winter 1.00 0.60 1.40 *** 

SAL 

Autumn Winter 0.31 −0.09 0.71 – 

Summer 0.30 0.19 0.41 *** 
Autumn 0.49 0.38 0.60 *** Spring 
Winter 0.63 0.53 0.74 *** 
Autumn 0.19 0.08 0.31 *** 

Summer 
Winter 0.33 0.23 0.44 *** 

pH 

Autumn Winter 0.14 0.03 0.25 ** 

Summer −0.02 −0.39 0.35 *** 
Autumn 0.15 −0.23 0.52 – Spring 
Winter −0.50 −0.85 −0.14 ** 
Autumn 0.17 −0.21 0.54 – 

Summer 
Winter −0.48 −0.84 −0.11 ** 

COD (mg L−1) 

Autumn Winter −0.64 −1.01 −0.28 *** 

Summer −1.27 −1.92 −0.61 *** 
Autumn −1.06 −1.72 −0.40 *** Spring 
Winter −0.65 −1.28 −0.02 * 
Autumn 0.21 −0.46 0.87 – 

Summer 
Winter 0.62 −0.02 1.26 – 

Chl a (mg L−1) 

Autumn Winter 0.41 −0.23 1.05 – 

Summer 0.26 −0.14 0.66 – 
Autumn 0.10 −0.31 0.50 – Spring 
Winter −0.12 −0.51 0.27 – 
Autumn −0.16 −0.57 0.25 – 

Summer 
Winter −0.38 −0.77 0.01 – 

Shannon D 

Autumn Winter −0.22 −0.61 0.18 – 

Summer −0.05 −0.16 0.05 – 
Autumn −0.03 −0.13 0.08 – Spring 
Winter −0.07 −0.17 0.03 – 
Autumn 0.02 −0.08 0.13 – 

Summer 
Winter −0.02 −0.12 0.08 – 

J 

Autumn Winter −0.04 −0.14 0.06 – 

Summer 1132.07 685.71 1578.43 *** 
Autumn 400.78 −45.58 847.14 – Spring 
Winter −117.47 −545.29 310.35 – 
Autumn −731.29 −1184.36 −278.22 *** 

Summer 
Winter −1249.54 −1684.36 −814.73 *** 

CPUE  

(g net−1
·d−1) 

Autumn Winter −518.25 −953.07 −83.43 * 

 Summer 1.80 −0.39 3.99 – 
 Autumn 0.55 −1.64 2.74 – Spring 

Winter −0.40 −2.50 1.70 – 
Species no. 

Autumn −1.25 −3.48 0.98 – 
 

Summer 
Winter −2.20 −4.34 −0.07 * 

 Autumn Winter −0.95 −3.09 1.18 – 

Notes: Diff, the difference in the observed means; Lwr, the lower end point of the interval; Upr, the 
upper end point. ***, P < 0.001; **, P < 0.01; *, P < 0.05; –, P > 0.05. 

 

3.2 Variation of Community Structure 

The average indices of biodiversity (Shannon D, J, and 
Species no.) are shown in Fig.2 and the corresponding 
ANOVA results are shown in Table 3. The results indi-
cated that Shannon diversity index (Shannon D) had no 
significant difference among seasons (P > 0.05) although 

the value reached the highest 1.48 in summer and in win-
ter returned to 1.1. Pielou’s evenness index (J) varied little 
among seasons from 0.78 to 0.86. CPUE of all species 
and the richness of species were significantly higher in 
summer than in other three seasons (P < 0.05).  

NMDS and cluster results indicated that the community 
structure showed distinct seasonal differences (Figs.3–4). 
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It could be divided into two clusters, while summer was 
different from the other seasons. A total of 18 sites were 
included in the first cluster (Fig.3), and almost all summer 
survey sites were included. Meanwhile, when the cluster 

results were considered together with the nMDS results, 
obvious assembling could be observed while cluster one 
and cluster two showed significant differences in commu- 
nity structure.  

 

 
Fig.3 Cluster analysis of Biomes in different seasons. sp, spring; su, summer; au, autumn; wi, winter. 

 
Fig.4 NMDS of different stations with the result of cluster 
analysis. 
 

According to the Q-Q plot (Fig.5), all response variables 
including Shannon Weiner Diversity and transformed CPUE 
of the number of dominant species followed a normal dis- 
tribution. GAM results indicated that the total variation of 
diversity index explained by temperature and Chl a was 
61.1% (R2

 = 0.489) (Table 4). Temperature played an im- 
portant role in shaping the community structure (P < 0.05). 
Fig.6A displays that the community diversity index varied 
greatly with the temperature, and the general trend was 
that it increases with temperature, reaching the highest in 
summer. It can be observed from Fig.6B that the species 
diversity index changes with the increase of Chl a concen-
tration, reaching 3 mg L−1 as the maximum. 

 
Fig.5 Q-Q plots of Shannon Weiner Diversity index and CPUE of the number of dominant species included in GAMS. 
The closer the sample point approaches to the oblique line, the closer it tends to the normal distribution. 
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Fig.6 Response variable curves of Shannon Weiner Diversity index for temperature and Chl a in GAMs. A, temperature’s 
response to the diversity; B, Chl a’s response to the diversity. Temp, temperature. 

Table 4 The optimal Generalized Additive Model (GAM) describing the response of community Shannon diversity index 
and CPUE of the number of dominant species according to temperature, DO, pH and Chl a 

Response variable Deviance explained R-sq. AIC Driving factor Edf F Estimate t-value Sig.

s(Temp) 7.30 5.67 – – *** 
s(Chl a) 8.68 2.39 – – * Shannon D 61.10% 0.489 55.4 
Intercept – – 1.27 32.61 *** 

    s(Temp) 1.00 55.88 – – *** 
    s(DO) 8.59 5.35 – – *** 
CPUE 75.70% 0.678 94.97 s(pH) 1.18 7.75 – – ** 

    s(Chl a) 5.72 2.52 – – * 
    Intercept – – 1.80 34.41 *** 

Notes: We selected the best model by combining the maximum value of r, the minimum value of AIC and the significance of each vari-
able. Data were collected in all sites. CPUE: catch per unit effort of dominant species which contained Sebastes schlegelii, Hexagrammos 
otakii, Conger myriaster and Charybdis japonica; Shannon D: Shannon diversity index; s(): represents cubic regression spline; Edf: es-
timated degree freedom. ***, P < 0.001; **, P < 0.01; *, P < 0.05; –, not available. 

 

3.3 Distribution of the Dominant Species 

GAMs were employed to investigate the relationship be- 
tween driving environmental factors and dominant spe-
cies CPUE. The goodness of fit of GAMs reached 75.7% 
(R2

 = 0.678), implying a high credibility (Table 4). Tem-
perature and DO were the most important driving factors, 
followed by pH and Chl a, and the effects of these four 
factors were all significant (P < 0.05). CPUE increased with 
the increases of temperature and pH (Figs.7A, C). With the  

 

increase of DO concentration, CPUE tended to be flatten- 
ed and reached the maximum at 10 mg L−1 (Fig.7B). The 
CPUE went up to the maximum when Chl a was at 2.9 

mg L−1 although it varied a little beyond the change of Chl a 
(Fig.7D). 

RDA results showed that the accumulated constrained 
proportion explained with environmental factors reached 
78%, indicating that the selection of environmental fac-
tors was reasonable and reflected the true changes of 
environmental data in a large part (Table 5). Fig.8 displays  

 
Fig.7 Response variable curves of CPUE of the number of dominant species for temperature, DO, pH and Chl a in GAMs.  
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Table 5 Summary of RDA ordination 

Items Parameter  df Variance F Sig. 

Model 7 0.09 2.76 *** 
RDA All canonical axes (α = 0.05) 

Residual 60 0.30 – – 

Model 2 22.76 13.99 ***  Temperature (α = 0.05) 
Residual 65 52.89 – – 
Model 2 9.95 4.41 *** 

 DO (α = 0.05) 
Residual 61 68.75 – – 
Model 2 8.07 3.50 ** 

COD (α = 0.05) 
Residual 65 68.09 – – 
Model 2 12.08 4.43 ** 

Nonlinear 
RDA 

pH (α = 0.05) 
Residual 53 72.28 – – 
Model 2 10.75 3.35 ** 

 SAL (α = 0.05) 
Residual 49 78.67 – – 
Model 2 4.90 2.04 * 

 Chl a (α = 0.05) 
Residual 60 71.99 – – 

       

 

 
Fig.8 RDA ordination of species distribution and envi-
ronmental factors. Arrows represent each environmental 
factor. The length of the line between arrow and origin 
represents the correlation between population and envi-
ronmental factors. Straight lines mean projection lines of 
different species. Species codes can be referred in Table 1. 

the two-dimensional sequence diagram of environmental 
factors and biological population. The significance from 
high to low was that of temperature, DO, COD, pH, Chl a 
and SAL. Charybdis japonica and Hexagrammos otakii 
had positive correlation with temperature and negative 
correlation with DO and salinity (Fig.8). Sebastes schleg- 
elii, as the most dominant species, had negative correla-
tion with COD. Asterias amurensis was positively corre-
lated with the concentration of Chl a and pH. 

According to the relationship between species and the 
environmental factors, non-linear RDA helps to explore the 
relatively suitable habitat conditions to different species. 
The results of the nonlinear RDA test are shown in Table 
5. This model was established on the fact that the P value 
was less than 0.05. The sorting results (Fig.9) showed that 
the distribution of C. japonica was more inclined to the 

 

 
Fig.9 Non-linear RDA ordination of six significant environmental factors. Line with arrow means the first-order and sec-
ond-order variable. Temp1, DO1, COD1, pH1, SAL1 and Chl a1, first-order variable; Temp2, DO2, COD2, pH2, SAL2 and 
Chl a2, second-order variable. 
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area of 20.7–22.1 , DO 7.07℃ –7.15 mg L−1, Chl a 0.75– 
0.83 mg L−1, pH 7.92–7.94, COD 1.20–1.27 mg L−1 and sa- 
linity 31.87–31.9. The subsequent H. otakii tended to the 
ecological niche with 20.3–20.6 , DO 7.23℃ – 7.15 mg L−1, 
pH 7.91–7.92, salinity 31.66–31.87 and Chl a 0.94–0.95 mg 

L−1. Other dominant species, such as S. Schlegelii, were 
preferably distributed in the area with Chl a 0.79–0.85 mg 

L−1, while other factors were not so important. 

4 Discussion 
4.1 Relationship Between Biodiversity and 

Environmental Factors 

The 43 species caught in Xixiakou artificial reef are 
commonly found in the coastal areas of Shandong Prov-
ince, and 22 species are economically important. Com-
pared with the study by Wu et al. (2012) in Rongcheng 
Island artificial reef area close to ours (about 16 km away), 
the results of this study indicated a higher total biomass 
and number of species but a lower level of CPUE. The 
diversity index in Xixiakou artificial reef is very low and 
the values in most stations are close to the minimum, 1.5–3 
as was proposed by Magurran (1988). When the fish com- 
munity is not seriously disturbed by external factors, it 
will maintain an intrinsic species diversity, which can be 
considered the baseline (Rice, 2000). Xixiakou has been a 
famous fishing village before the construction of marine 
ranches. Long-term over-fishing, poor net selectivity, and 
environment pollution are the main reasons causing fish 
diversity a severe decline (Lorenzen et al., 2010). Marine 
ranching limits the fishing of most poor selective gears, 
and environment protection attracts more and more atten-
tions in China recently. Hence, we expect that the ecolo- 
gical system in Xixiakou artificial reef will get better gra- 
dually. 

Our study focused on exploring seasonal variation of 
community structure. The lowest biodiversity index in win- 
ter may be caused by the lowest temperature in this sea-
son. Deep water area is relatively warm at this time, and 
swimming animals prefer to rest in caves or swim into 
deep waters in winter (Wu et al., 2012). However, due to 
the high cost of research and the restricted accessibility, 
we cannot conduct the survey in deeper (greater than 15 

m) waters and this may affect the results. As the tempera-
ture rises, the diversity and complexity of community struc- 
ture in artificial reef area increase too. The cluster results 
show that it is especially prominent in summer and the 
result is significantly different from those in other seasons. 
Nevertheless, the first cluster contains other seasons’ sites 
in addition to summer sites, which was probably caused 
by the year-round distribution of the dominant species 
such as S. schlegelii.  

4.2 Catchability of Sampling Gear 

Due to the restriction of reef, fishhook, gill net and trap 
are the main fishing gears in the artificial reef (Hawkins 
et al., 2007). The catchability of trap is higher than that of 
other two fishing gears. We selected trap as the sampling 

gear (Wells et al., 2008) though its catch rate is lower 
than that of trawl (Smith Jr. et al., 1992). Trap without bait 
was used in this study to decrease the differential lure of 
bait to different species. Therefore, high species density 
will present a high probability to be caught by trap (Ro-
bichaud et al., 2000). It is appropriate for us to use CPUE 
of trap to represent the species abundance at the sampling 
site (Zimmerman and Palo, 2011). 

The important ecological and economic species assem-
blage on the reef can be analyzed based on the fishes caught 
with trap (Stevenson and Stuart-Sharkey, 1980). However, 
the selectivity of trap may depend on swimming ability 
and behavior of species and this will bias our results (Ro-
bichaud et al., 2000). Trap catchability may change among 
seasons because of the difference in species behaviors 
(Guy and Willis, 1991; Tokuhiro et al., 2019). For exam-
ple, fish tend to be less active at low temperature, which 
may reduce the catchability for many species in winter 
(Wu et al., 2019). To explore the difference of species 
abundance among seasons, local fishermen used under-
water visual census to conduct qualitative survey in Xi- 
xiakou artificial reef. The results from underwater videos 
also indicated the high and low species abundance in 
summer and winter, respectively (personal communication). 
Thus, the quantitative analysis of survey data from trap 
can reflect the change trend of community structure among 
seasons though the difference in trap catchability may bias 
the results. 

4.3 Dominant Species Distribution and Optimal 
Ecological Niche 

Most of the species in the artificial reef had similar con- 
ditional orientation and physiological characteristics, which 
influence their behavior and spatiotemporal distributions 
(Leitao et al., 2008; Zhang et al., 2018; Ge et al., 2019). 
The reason of dominant species being the best delegation 
is that they account for a large proportion of the total bio- 
mass and abundance. GAMs presented similar results with 
RDA in exploring the change of dominant species CPUE 
with environmental factors. Moreover, nonlinear RDA made 
it easier to find species suitable ecological niche. 

The distribution of S. schlegelii, C. japonica, H. otakii 
and C. myriaster showed different ecological preferences. 
GAM results indicated the overall increase trend of do- 
minant species CPUE with temperature, dissolved oxygen 
and pH. However, GAM showed two peaks of Chl a and 
the dominat species CPUE reached the maximum at 3 mg 

L−1 of Chl a. In spring, a large amount of fresh water with 
a high concentration of dissolved nutrient inflow into Yel- 
low Sea (Jin et al., 2013). Artificial reefs enhance the mix- 
ing effect from bottom to surface water, which might 
cause the high CPUE at the relative high Chl a concentra- 
tion (Wang et al., 2013). 

Each domiannt species usually has their own preferable 
living habits (Bohnsack, 1989) and bait organisms (Bor- 
tone and Nelson, 1995). This study found specific suit- 
able ecological niche for each dominant species. C. ja- 
ponica was more sensitive with the change of environ- 
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mental factors than the other dominant species. The poor 
swimming ability, limited sphere of activity (Vazquez Arch- 
dale et al., 2003) and feeding on nereid, shellfish and ben- 
thonic organisms (Zhao et al., 2012) probably cause the 
limited distribution area for C. japonica. Its preferred eco- 
logical niche was all within the scope of the previous re- 
search of Zhao et al. (2012) except for salinity. It was found 
that the suitable salinity for C. japonica varied between 
28 and 29, lower than our findings. The upwelling from 
the artificial reef could bring nutrients from the seabed to 
the surface, which was beneficial to the growth and re- 
production of phytoplankton, thus improving the salinity 
of the water body.  

In contrast, S. schlegelii, H. otakii and C. myriaster pre- 
sented a relatively high environment adaptability. S. schle- 
gelii is the year-round dominant species and has a large 
environment tolerance (Zhang et al., 2018). Our results 
showed consistent ecological preference with controlled 
environmental condition of culture of this species (Kim 
and Kang, 2016) except for a little lower COD concentra-
tion. Xixiakou artificial reef was well regulated and a 
large amount of organic matter discharging into the water 
was avoided, which might lead to low COD concentration. 
H. otakii and C. myriaster had similar preferences, espe-
cially to temperature, dissolved oxygen and Chl a. Small 
H. otakii were dominant prey for C. myriaster and two 
species had partly overlapped feeding habits after sexual 
maturity (Kaifu et al., 2013; Ji et al., 2014; Liu et al., 
2018). This may induce the similar environmental pref-
erence of these two species. With the comprehensive con- 
sideration of the distribution density, size and reef ar-
rangement in each water layer and the improvement of 
survey equipment and method, the more precise ecologi-
cal niche of the dominant species will be found in the 
future. 

5 Conclusions 
This study showed that in Xixiakou artificial reef, the 

community structure varied among seasons significantly. 
Summer is significantly different from other seasons no 
matter in community structure or dominant species dis-
tribution. Dominant species including S. schlegelii, H. ota- 
kii, C. japonica, and C. myriaster tend to live in separate 
suitable ecological niche and this study provides detailed 
data with dominant distribution pattern. The distribution 
of dominant species is correlated with temperature, DO, 
pH and Chl a significantly. Generally, artificial reefs can 
assemble and maintain rocky fish and benthic organisms 
effectively. It is a good tool for the marine ecological re- 
storation to offer suitable habitat for economically domi-
nant species. 
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