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  Abstract       The set-net fi shery resources in Haizhou Bay, China have been over-exploited because of over-
fi shing and environmental deterioration. To better understand the current situations and the development 
trends of fi shery resources, the temporal change of biological characteristics and community compositions 
were analyzed from 2011 to 2018. Meanwhile, we evaluated the impact of the summer moratorium of marine 
fi shing (SMMF) on the set-net fi shery. Results show that the mean total length of the six principal species 
showed varying degrees of decreasing trends, while the changing patterns for the mean weight proportion of 
the six groups varied. For the whole communities, the similarities of the inter-annual community diversities 
and compositions were high. SMMF is meaningful to help reproductive success and support recruitment. 
Every year, the catch per unit eff orts of the six principal species after SMMF were signifi cantly higher than 
before SMMF except for  Octopus   ocellatus . The target groups showed a higher mean weight proportion 
after SMMF than before SMMF in eight years, while the non-target groups were converse. Therefore, 
the resources of the set-net fi shery are changing in the study periods; and SMMF is an important factor 
infl uencing biological characteristics and community structure. Despite some challenges, SMMF is still 
one of the most appropriate policy tools to protect the set-net fi shery resources under the reality of China.  

  Keyword : small-scale fi shery; biological characteristics; species groups; community structure; seasonal 
closure 

 1 INTRODUCTION 

 Fishery stocks are declining in diff erent degrees 
worldwide because of overexploitation and other 
human-induced environmental changes (Jackson et 
al., 2001; Davies and Baum, 2012). The risks of the 
fi shery industry in China are highly urgent (Shen and 
Heino, 2014). Haizhou Bay is located in the southern 
Yellow Sea near the province of Shandong, China, 
with an area of about 820 km 2 . The shape of the bay 
likes a trumpet; many rivers along the coast input a 
great quantity of nutrients into the sea, which creates 
an excellent feeding and spawning ground for fi shery 
species (Pang et al., 2015). As one of China’s eight 
principal fi shing grounds, fi shery resources (e.g., 
small yellow croaker  Larimichthys   polyactis , hairtail 
 Trichiurus   lepturus , and mackerel  Scomberomorus  

 niphonius ) in Haizhou Bay is very rich before the 
1990s (Su et al., 2015). However, due to overfi shing 
and habitat destruction, the main economic species of 
set-net fi shery in Haizhou Bay are in a state of 
overexploitation (Su et al., 2015).  

 To protect fi shery resources by ensuring their 
reproduction in the spawning season, in 1995, China 
implemented a seasonal closure policy called 
“summer moratorium of marine fi shing” (SMMF). 
SMMF is a “command and control” policy, which is a 
command issued by the government, and set standards 
and control performance by monitoring and requiring 
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adherence to that standards. Because of signifi cant 
diff erences in sea regions and fi shing gears, the 
implementation of SMMF diff ers correspondingly. In 
the past twenty years, the policies of SMMF adjusted 
considerably from two months to four months, and 
now, SMMF is carried out from May 1st to September 
1st for the most fi shing gears in Haizhou Bay. At 
present, SMMF has been one of China’s most eff ective 
fi shery management policies because of essential 
goals and strict implementation (Yue et al., 2016; Yan 
and Lu, 2020). Many studies showed that some target 
stocks’ catch rates and fi sh sizes have increased with 
diff erent degrees (Yan et al., 2006; Yu et al., 2017). In 
the past twenty years, the impact of SMMF was 
studied by researchers mainly focused on the single-
species fi sheries (Zou et al., 2016), the change of 
community structure in one or two years (Yan et al., 
2016; Yu et al., 2018). However, few studies focusing 
on the impact of SMMF on the small-scale fi shery in 
China and provide suggestions for policy 
improvements.  

 Millions of people in developing countries depend 
on small-scale fi sheries, such as Chinese artisanal 
fi sheries, for their food and income (Sowman, 2006; 
Yang et al., 2011). The set-net fi shery is an important 
part of small-scale fi sheries in China, which relies on 
water fl ow to catch fi sh, belonging to “low impact and 
fuel effi  cient” fi shing gear (Suuronen et al., 2012). 
Due to its advantages of low energy consumption, 
low technical requirements (low demand for high-
tech equipment), low cost, and stable output; the set-
net fi shery has developed rapidly. According to 
statistics, their fi shing production ranks 3rd in the total 
fi shing production in the Yellow Sea, China, which is 
a crucial fi shing gear for subsistence fi shers (Sun et 
al., 2012).  

 The set-net fi shery is a multi-species fi shery; it is 
helpful to evaluate the changes of targeted species to 
analyze the changes of fi shery community 
compositions. Six principal species, pinkgray goby 
( Amblychaeturichthys   hexanema ), small yellow 
croaker ( Larimichthys   polyactis ), white-hair rough 
shrimp ( Trachypenaeus   curvirostris ), swimming crab 
( Portunus   trituberculatus ), mantis shrimp 
( Oratosquilla   oratoria ), and short arm octopus 
( Octopus   ocellatus ) were identifi ed based on catch 
data sets.  A .  hexanema  is one of the most abundant 
fi sh with no economic value in the set-net fi shery due 
to rapid growth and early sexual maturity (Wu and 
Zhong, 2008). Its spawning time is from April to 
June. The other fi ve species are the main target species 

because of their high economic values and yields. 
 L .  polyactis  grows faster during summer and its main 
hatching period is from May to August (Pei et al., 
2021).  T .  curvirostris  is an important commercial 
fi shing species in Northeast Asia, and its main 
spawning period is from July to August (Chen, 1991). 
 P .  trituberculatus  is a sizeable economic crab in the 
coastal waters of China; its hatching period is mainly 
from June to July (Xu et al., 2021).  O .  oratoria  is a 
perennial crustacean distributed widely on the coast 
of China, and its spawning time is mainly from May 
to July (Geng et al., 2019).  O .  ocellatus  is the most 
yield Cephalopoda in the Yellow Sea, and its hatching 
time is primarily from March to May (Jin et al., 2018).  

 In the present study, we estimated the dynamics of 
set-net fi shery in Haizhou Bay, China with eight years 
for the fi rst time, and investigated the impact of 
SMMF on the fi shery communities. The primary 
objectives were (1) to analyze the changes of 
biological characteristics and community 
compositions in the set-net fi shery from 2011 to 2018; 
(2) to summary the eff ects of SMMF on the principal 
species, groups and total communities, and provide 
suggestions for the subsequent policy improvement. 

 2 MATERIAL AND METHOD 

 2.1 Study area and sampling 

 The study was carried out along the Haizhou Bay, 
Yellow Sea, China from 2011 to 2018 (Fig.1). Three 
sites (A, B, and C) were deployed in the traditional 
set-net fi shing region, and the sites had similar fi shing 
operations and environmental conditions (Tang et al., 
2018). In these areas, the depth of seawater was about 
20 m, and the seafl oors are mud. The distances of the 
three stations to the fi shing ports are about six nautical 
miles, and local fi shers have similar working time and 
operating habits. The fi shing nets were double-staked 
vertical bar set-nets (Fig.1), which are widely used for 
small boats in Haizhou Bay. There was no change in 
fi shing nets in eight years. The principal dimensions 
of the nets diff ered by stations slightly, which were 
46.00 m × 38.40 m, 47.80 m × 38.24 m, and 56.40 m 
× 39.48 m (net mouth circumference × net length) for 
stations A, B, and C, repsectively. The material of 
nets was polyethylene, and the cod-end mesh size was 
17 mm. There were generally 10 to 20 same nets fi xed 
in the same station, and fi shers collected catches from 
cod-ends every day. Every year, to detect the impact 
of SMMF on the set-net fi shery, four times of sampling 
surveys before SMMF and after SMMF during two 
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months were conducted, respectively. Meantime, 
about 10 kg of catches were randomly sampled for 
every station in the fi shing ports, and all samples were 
taken to the laboratory and sorted, identifi ed, and 
enumerated, and the total length and weight was 
measured for all individuals captured. 

 Two data sets were collected to analyze the change 
in catch per unit eff ort (CPUE): the set-net fi shery’s 
biological characteristics and community structure 
from 2011 to 2018. One data set is fi shing logs 
recorded by fi shers daily during the study periods, 
containing fi shing dates, nets, and daily catch weights 
for each station. We designed the fi shing logs and 
trained fi shers to record data systematically. The 
second data set is the compositions of sampling 
catches captured from fi shing ports, including the 
biological characteristics of all individuals.  

 2.2 Data analysis 

 Daily fi shing catch weights were standardized to 
remove the infl uence of diff erent net mouth areas 
(Tang et al., 2014), and CPUE was estimated as the 
catch weight per standard net per day (Su et al., 2015; 
Tang et al., 2018). The computational formula for the 
standardized CPUE was as follows: 

 CPUE= .W S
n A



          (1) 

 In this equation,  W  is the daily catch weight (kg);  S , 
the standard net mouth area (100 m 2 );  n , the daily 
numbers of set-nets; and  A , the actual net mouth area 
(m 2 ). The unit for CPUE is kilogram per net per day 
(kg/(net·d)). Mann-Whitney test was used to compare 
the mean CPUE before and after SMMF in eight years. 

 Spearman rank correlation was used to identify 
whether six species and six groups were responsible 
for the changes in the fi shery community (Jiang et al., 
2009). The CPUE, weight proportion of six species 
and six groups were obtained to analyze the 
correlations with the CPUE of the total catches from 
2011 to 2018. Six principal species were selected to 
ascertain the temporal variations of fi shery 
communities and the infl uence of SMMF on the set-
net fi shery because of their high abundances and 
economic values. The mean total length, CPUE and 
the mean weight proportion in the total catches of the 
six species were estimated. Meanwhile, the principal 
species and species groups were used to estimate the 
changes of communities and the eff ects of SMMF 
(McClanahan, 2014). Total species were divided into 
six groups: target fi sh group, non-target fi sh group, 
target crustaceans group, non-target crustaceans 
group, target molluscs group, and non-target molluscs 
group. Fishery-target species are targeted or highly 
valued by commercial fi shing, and non-target species 
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are all other species. These groupings aimed to 
determine whether target species exhibited diff erent 
temporal trends in relative abundance compared to 
non-target species. 

 Most diversity indices are sensitive to specifi c 
aspects of structural or functional change in the 
community, and each has particular advantages and 
disadvantages (Rice, 2000). Three diversity indices 
were calculated to compare the changes of community 
compositions in study years. The Shannon-Wiener 
diversity index ( H′ ) was used for species diversity 
(Ludwig and Reynolds, 1988):  

 21
=- log ,s

i ii
H P P


              (2) 

 where  s  is the number of the total species, and  P  i    is the 
proportion of the total sample represented by species  i .  

 Simpson diversity index ( D ) refl ected the 
dominance of dominant species (Simpson, 1949): 
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 where  s  is the number of the total species, and  N  i    is the 
proportion of total sample represented by species  i . 

 Pielou’s evenness index ( J ́) was used for evaluating 
the distribution uniformity of diff erent species in the 
community of the set-net fi shery (Pielou, 1966). 

 
max

.HJ
H
                 (4) 

 In this formula,  H  ́  is the Shannon-Wiener diversity 
index;  H  max =log 2  s  mean the maximum diversity 
possible; and  s  is the number of total species. 

 We used non-metric multidimensional scaling 
(NMDS), which is a reduced-space ordination method 
based on a Bray-Curtis dissimilarity matrix, to analyze 
community composition before SMMF and after 
SMMF with software package PRIMER 6 (Clarke 
and Gorley, 2006). Analysis of similarity (ANOSIM) 
is a nonparametric method used to test whether the 
diff erence between groups is signifi cantly greater 
than the diff erence within groups (Clarke, 1993). 
Permutation-based analysis of variance (PER-

MANOVA) is a nonparametric method proposed to 
test the diff erence between two or more groups of 
objects by decomposing the sum of the squares of 
their distances (Anderson, 2001). ANOSIM and PER-
MANOVA were calculated to test the diff erences 
among the communities before and after SMMF from 
2011 to 2018. The average contribution of individual 
sampling species to the overall Bray-Curtis distances 
was estimated using the similarity percentage 
(SIMPER) analysis (Clarke and Warwick, 1994). 
SIMPER was used to compare the community 
dissimilarity between two periods (before and after 
SMMF) and analyze the similarity in the same period, 
and then the contributions of species for similarity 
and dissimilarity were calculated (Clarke, 1993). 
ANOSIM, PER-MANOVA, and SIMPER were 
performed in R 3.5.2 using the “vegan” package. 

 3 RESULT 

 3.1 Species compositions 

 A total of 141 species belonging to 67 families 
were identifi ed from 192 fi shing samples in eight 
years. Among these, 41 families of fi sh, 21 families of 
crustaceans, and 5 families of molluscs were observed. 
The whole species were divided into six groups based 
on their economic values (Table 1). The non-target 
fi sh group was the most abundant group for the mean 
weight proportion (46.6%) before and after SMMF. 
The mean weight proportions of the target fi sh group, 
non-target fi sh group, target crustaceans group, and 
non-target crustaceans group were over 10%. 

 3.2 Temporal variation of fi shery community 

 The CPUE of the fi ve principal species was 
positively correlated to the total CPUE in the set-net 
fi shery from 2011 to 2018 (Table 2), which suggested 
that these species could represent the whole 
community compositions. Before SMMF, the mean 
total length of  L .  polyactis ,  T .  curvirostris , 
 P .  trituberculatus , and  O .  ocellatus  showed substantial 

 Table 1 Species compositions of six groups 

 Group  Number of species  Representative species 

 Target fi sh  32   Larimichthys   polyactis ,  Trachypisenaeus   lepturus  

 Non-target fi sh  54   Amblychaeturichthys   hexanema ,  Engraulis   japonicus  

 Target crustaceans  8   Portunus   trituberculatus ,  Trachypisenaeus   curvirostris  

 Non-target crustaceans  40   Palaemon   gravieri ,  Charybdis   bimaculata  

 Target molluscs  5   Octopus   ocellatus ,  Loligo   japonica  

 Non-target molluscs  2   Sepiola   birostrata ,  Euprymna   morsei  
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decreasing trends (over 10%) in eight years (Fig.2). 
After SMMF, the mean total length of  P .  trituberculatus  
and  A .  hexanema  increased slightly, while the other 

four species had varying degrees of decline (Fig.2).  
 The mean weight proportion of the target and non-

target groups showed varied inter-annual fl uctuations. 

 Table 2 Spearman rank correlations ( r ) of catch per unit eff ect (CPUE) and their weight proportions for six species and six 
species groups with the CPUE of the total catch from 2011 to 2018 

 Species  Common name 
 Spearman rank correlation ( r ) 

 Group 
 Spearman rank correlation ( r ) 

 CPUE  Weight proportion  CPUE  Weight proportion 

  Larimichthys   polyactis   Small yellow croaker  0.313  0.174  Target fi sh  0.368  -0.035 

  Amblychaeturichthys   hexanema   Pinkgray goby  0.665**  0.465  Non-target fi sh  0.824***  0.162 

  Oratosquilla   oratoria   Mantis shrimp  0.535*  0.424  Target crustaceans  0.674**  0.500* 

  Trachypisenaeus   curvirostris   White-hair rough shrimp  0.706**  0.547*  Non-target crustaceans  0.247  0.241 

  Portunus   trituberculatus   Swimming crab  0.865***  0.765***  Target molluscs  0.668**  0.350 

  Octopus   ocellatus   Short arm octopus  0.491*  0.268  Non-target molluscs  0.435  0.035 

 Signifi cance levels: * represents  P <0.05, ** represents  P <0.01, *** represents  P <0.001. 
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Before SMMF, the developing trends of the weight 
proportion for the target and non-target groups were 
opposite (Fig.3). For fi sh, the weight proportion of the 
non-target fi sh group was signifi cantly higher than that 
of the target fi sh group in eight years. Although an 
over 10% decreasing trend for the mean weight 
proportion of the non-target fi sh group was observed, 

the weight proportion of the target fi sh group was 
stable. As for crustaceans, the weight proportion of the 
non-target group was higher than the target group. A 
signifi cantly increasing trend of the weight proportion 
for the non-target group and a slightly decreasing trend 
for the target groups were found, respectively. About 
molluscs, the weight proportion of the target group 
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showed a sharp decline, and the non-target group 
surpassed the target group after 2017.  

 After SMMF, for fi sh, the mean weight proportion 
of the non-target group was nearly twice that of the 
target group in the study years, and slight decreases of 
the weight proportion for both the target and non-
target groups were observed. As for crustaceans, the 
mean weight proportion of the target group increased 
by over 10%, and the weight proportion of the non-
target group decreased. Compared with the tendencies 
of these two groups before SMMF, absolutely 
opposite directions were exhibited. About molluscs, 
the mean weight proportion of the target group 
decreased by more than 50%, and the decline also 
occurred in the non-target group.  

 For three diversity indices, no signifi cant temporal 
trend was found (Table 3). ANOSIM indicated that 
community compositions among eight years were 
similar ( P >0.05). PER-MANOVA showed that the 
factor “Year” did not infl uence the fi shery communities 
signifi cantly (Table 4). SIMPER revealed that the 
similarity of communities among years before SMMF 
was 77.54%, and the contributions of  L .  polyactis , 
 A .  hexanema , and  P .  trituberculatus  were over 10%. 
The similarity after SMMF among years was 76.68%, 
and the contributions of  A .  hexanema  and 
 P .  trituberculatus  were over 10%. 

 3.3 The impact of SMMF on the fi shery community 

 For the six principal species, the mean CPUE after 
SMMF from 2011 to 2018 was higher than before 
SMMF except for  O .  ocellatus  (Fig.4). Signifi cant 
diff erences were observed before and after SMMF for 
 L .  polyactis ,  T .  curvirostris ,  P .  trituberculatus , and 
 O .  ocellatus . Meanwhile, the mean weight proportion 
of the six principal species after SMMF was higher 
than before SMMF except for  O .  ocellatus  (Fig.4). For 
the six groups, the target fi sh and crustaceans group 
showed higher mean weight proportions after SMMF 
in eight years than before SMMF, while the two non-
target groups were converse (Fig.3). As for molluscs, 
the mean weight proportion of the two groups before 
and after SMMF were highly consistent (Fig.3).  

 For diversity indices ( H′ ,  D ,  J′ ), the three indices 
before and after SMMF during study periods were 
shown in Table 3. Inter-annual variations for three 
diversity indices were not evident ( P >0.05), but 
signifi cant diff erences of mean  H′  and  D  before and 
after SMMF were found ( P <0.01).  H′  and  D  were 
higher before SMMF than after SMMF, and  J′  was 
higher after SMMF than before SMMF (Table 3). The 

NMDS analysis showed that the entire communities 
before and after SMMF were two distinct groups 
(Fig.5). ANOSIM indicated that community 
compositions between the two periods were 
signifi cantly diff erent ( P <0.01). PER-MANOVA also 
showed that SMMF was a signifi cant factor ( P <0.001) 
that infl uence the communities of the set-net fi shery 
(Table 4). SIMPER analysis revealed that dissimilarity 
between the two periods was 38.76%, and the 
contribution of  L .  polyactis  was over 10%.  

 4 DISCUSSION 

 4.1 Biological implication 

 In our eight study periods, losses of the mean total 
length for the fi ve principal economic species were 
observed, especially for  L .  polyactis  (Fig.2). Many 
reasons could explain these phenomena. For one 

 Table 3 Species diversity of the set-net fi shery community 
in the Haizhou Bay, China from 2011 to 2018 

 Year   H ′     D      J ′ 

 SMMF  Before  After    Before  After    Before  After 

 2011  2.02  1.98    0.80  0.80    0.69  0.85 

 2012  1.86  1.55    0.69  0.64    0.82  0.74 

 2013  2.29  1.95    0.85  0.79    0.81  0.92 

 2014  2.54  1.90    0.90  0.76    0.83  0.76 

 2015  1.93  1.86    0.72  0.70    0.75  0.84 

 2016  2.50  2.09    0.88  0.82    0.81  0.83 

 2017  2.46  2.22    0.87  0.87    0.79  0.73 

 2018  2.37  1.89    0.89  0.76    0.67  0.77 

 Mean  2.25  1.93 
  

 0.82  0.77 
  

 0.77  0.80 

 SE  0.10  0.07  0.03  0.03  0.02  0.02 

  P   0.002**    0.008**    0.180 

  H ′: Shannon-Wiener diversity index;  D : Simpson diversity index;  J ′: 
Pielou’s evenness. SMMF: summer moratorium of marine fi shing in China.
SE: standard error. Signifi cance levels: ** represents  P <0.01. 

 Table 4 Results of Permutational Multivariate Analysis of 
Variance (PER-MANOVA) with two factors (Year 
and SMMF) for CPUE 

Factor df F P

Year 1 1.108 0.295

SMMF 1 10.177 0.001***

Year × SMMF 1 2.300 0.128

Residual 60 – –

Total 63 – –

  F :  F  statistic value; df: degree of freedom;  P : the signifi cance test; *** 

represents  P <0.001.  –: not available for this parameter.
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thing, overfi shing may induce the rapid evolution of 
marine organisms (e.g., individual miniaturization) 
and hinder population recovery (Kuparinen and 
Merilä, 2007).  L .  polyactis , known as one of China’s 
four major marine economic fi shes in the 20th century, 
is an important fi shing species. However, under the 
high fi shing pressure, the population composition of 
 L .  polyactis  showed a trend of miniaturization and 
younger age (Shan et al., 2017). For another, climate 
change is regarded as a critical factor that probably 
enhances or weakens the eff ects of fi shing (Brander, 
2007). Liu et al. (2017) found that increasing fi shing 
pressure was the main reason infl uencing the catch of 
 L .  polyactis  in the Yellow Sea, and climate change 
also played a signifi cant role. Above all, the impacts 
of climate changes on fi shery are increasingly 
important, and more attention should be paid (Liang 
et al., 2018). 

 It is helpful to combine the species into groups to 
study the changing dynamics of these groups in the 
community (Criales-Hernandez et al., 2006) and 
understand the internal mechanism of the observed 
changes (Abdou et al., 2016). In the past eight years, 
despite the miniaturization of fi sh, a slight increase in 
the mean weight proportion of the target fi sh group 

was found.  L .  polyactis  and  Trichiurus   lepturus  are 
important parts of the target fi sh group. Some previous 
studies also reported that the catches of these two 
species increased in recent years (Liu et al., 2017). 
Not only fi shing but also climatic factors like warming 
seawater temperature may contribute to these results 
together. However, the mean weight proportion of the 
non-target fi sh group unexpectedly underwent a 
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substantial decline in Haizhou Bay. This result was 
contrary to our hypothesis, supposing that a constant 
or rising curve may appear. A similar eff ect was 
observed in the southeast Atlantic coastal fi sheries of 
the USA (Bacheler and Smart, 2016). Some possible 
reasons could explain this confusing phenomenon, 
including bio-invasion (McClenachan et al., 2015), 
changes in fi shers’ behavior (Béné and Tewfi k, 2001), 
and global climate change (Bell et al., 2015). With the 
decline of traditional fi sh resources in China, 
crustaceans played an increasingly vital role in the 
marine fi shery (Shen and Heino, 2014). The mean 
weight proportion of the target crustaceans group 
showed an apparent upward trend (Fig.3). Two 
explanations were put forward. First, with the 
development of global warming, the annual spawning 
activities of crustaceans changed (Mao et al., 2019). 
Increased catching rates of American lobster 
( Homarus   americanus ) and blue crab ( Callinectes  
 sapidus ) were observed because of higher temperature 
(Jensen et al., 2005; Chang et al., 2010). Second, 
SMMF is more benefi cial to the fast-growing species 
(Demestre et al., 2008), including many crustaceans 
like  Charybdis   bimaculata  and  P .  trituberculatus  
(Chen, 1991). Scholars usually paid more attention to 
the target species, while the non-target species’ roles 
in the marine ecosystems cannot be ignored (Bacheler 
and Smart, 2016). Opposite trends between the target 
and non-target groups inspired that special studies 
focusing on the non-target species should be 
strengthened. 

 Diversity indices are positively related to the 
community functions and are used to reveal the 
changes of the community (Worm et al., 2006). Our 
results showed that the community compositions of 
set-net fi shery in Haizhou Bay were relatively stable 
from 2011 to 2018 (Tables 3 & 4). A similar study was 
carried out in the East China Sea from 2000 to 2007 
(Jiang et al., 2009), mean  H′  and  J′  were 1.97 and 0.51 
in April, which was lower than our corresponding 
results ( H′ =2.25,  J′ =0.77) before SMMF. Although 
two studies were implemented in the two areas, higher 
indices probably represent a positive status. On the 
contrary, some bottom trawl surveys in the similar 
periods reported tremendous declines in fi shery 
resources and diversities in Haizhou Bay because of 
human disturbance (Su et al., 2015; Zhang et al., 
2020). Bottom trawling is regarded as posing severe 
damages to the marine benthic habitats (Hiddink et 
al., 2017), while set-net operations are harmless. 
Habitat destruction may lead to the declines described 

above. The Shannon diversity after SMMF was lower 
than before SMMF (Table 3), which could be 
explained from two aspects. First, the intensity of 
fi shing activities during SMMF decreased to the 
lowest extent, which promoted the mean weight 
proportions of the dominant species increase after 
SMMF. A higher abundance of the dominant species 
may lower the Shannon diversity (Tsujimoto et al., 
2006). Second, seasonality patterns are also important 
(Hunter et al., 2006; Su et al., 2015).  

 Increased CPUE after SMMF was observed 
(Fig.4), which may benefi t from the eff ects of SMMF 
on the increasing reproduction rate (Samy-Kamal et 
al., 2015). However, SMMF does not protect the 
spawning populations of the all target species since 
some target species breed before SMMF. The impact 
of SMMF was limited for  O .  ocellatus  because its 
spawning time is in the spring (Wang et al., 2015). By 
contrary, the spawning seasons of  T .  curvirostris , 
 P .  trituberculatus,  and  O .  oratoria  were mainly in 
summer (Chen, 1991). Therefore, SMMF was an 
eff ective strategy for the reproduction of these species 
and the survival of their juvenile. The miniaturization 
of marine fi shery resources has been a great challenge 
for the sustainable development of China’s marine 
fi sheries (Yan et al., 2019). While slightly increasing 
trends for  P .  trituberculatus  and  A .  hexanema  from 
2011 to 2018 were observed (Fig.3).  P .  trituberculatus  
is an important economic crab in China (Dan et al., 
2016), which grows fast and has high reproducibility 
during summer (Hamasaki et al., 2006). Because the 
recruitment and juvenile stage were highly coincided 
with SMMF, the CPUE and mean total length of  P . 
 trituberculatus  increased. As for  A .  hexanema , two 
reasons could contribute to the increased total length 
after SMMF. On the one hand,  A .  hexanema  is a non-
target fi sh with low economic value, and lower fi shing 
intention may protect the stock. On the other hand, 
1-year old fi sh attains sexual maturity, which 
promoted the growth of the population (Wu and 
Zhong, 2008). 

 4.2 Management implication 

 China has implemented SMMF for over 27 years, 
but SMMF is controversial (Jiang et al., 2009; Yan et 
al., 2019). For the benefi t, the fi shing intensity was 
decreased during SMMF, which was advantageous to 
the reproductive activities of adult fi sh and the growth 
of juveniles (Yan et al., 2019). On the opposite, the 
management cost of SMMF is high, while it cannot 
fulfi ll restorative expectations for the fi sh community 
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(Jiang et al., 2009). This study attempted to evaluate 
the impact of seasonal closure policy on the fi shery 
and provide suggestions for long-term policy 
improvement from two aspects.  

 First, complementary policies matching for SMMF 
are recommended. Higher abundances of catches 
could be expected when the annual closure ended. 
However, with the resumption of fi shing activity, 
CPUE decreased rapidly in several months (Jiang et 
al., 2009; Yu et al., 2017). What’s more, the total 
length of six species showed downward trends from 
2011 to 2018. These results were consistent with the 
previous studies (Arendse et al., 2007; Yu et al., 
2017). During SMMF, strict management was 
implemented by the Chinese government, which 
promoted the recovery of fi shery resources (Yu et al., 
2017). While after SMMF, follow-up measures were 
defi cient. As expected, the fi shing stress vengefully 
increased, and the restored fi shery resources were 
exploited. One of the most vital reasons is fi shers’ 
income dropped during SMMF; they wanted to gain 
more catches after SMMF. Arendse et al. (2007) also 
pointed out that the closure of the breeding months 
was not meaningful if annual fi shing mortality 
remains constant for the year. Thus, lacking supporting 
policies after closure is a critical reason for the poor 
eff ects of SMMF.  

 SMMF is a simple policy itself; however, its 
complementary measures are systematic and 
complicated. In order to maintain the eff ects of 
SMMF, a comprehensive set of precise and restricted 
fi shery measures must be imposed. Four widely 
accepted supporting policies are suggested: (1) 
SMMF needs more enforcement in the fi shery 
management to forbid illegal fi shing activity, which is 
an unrelenting problem for small-scale fi sheries 
worldwide (Nahuelhual et al., 2018); (2) diversifi ed 
SMMF combined with specifi c species fi shing 
moratorium and temporary fi shing moratorium are 
suggested (Khan et al., 2018); (3) the fi shery institute 
is suggested to organize the fi shing activity of fi shers 
complying with fi shery industry rules (Raemaekers et 
al., 2011); (4) enlarging mesh size, optimizing fi shing 
gear and controlling Total Allowable Catch (TAC) is 
advisable to be implemented as coordinated measures 
for SMMF (Karagiannakos, 1996). 

 Second, with the development of climate change, a 
new understanding of the biological characteristics 
like spawning periods for the most species needs to be 
supplied. The impact of ocean warming on fi shery 
catches has been frequently studied recently (Perry et 

al., 2005; Cheung et al., 2009; Lam et al., 2020). Sea 
surface temperature in the Yellow Sea increased by 
1.27 ℃ from 1957 to 2006, signifi cantly impacting the 
Chinese marine fi sheries (Liang et al., 2018). One 
main concern is that warmer sea temperatures may 
promote the breeding period earlier (Chen et al., 2006). 
Some studies confi rmed this view. Shih et al. (2009) 
suggested carrying out SMMF from April to June after 
analyzing the spawning periods of 51 major target fi sh 
species in the East China Sea. Feng et al. (2019) 
advocated that the SMMF should be arranged from 
April according to the spawning activities of 
commercial fi sh in the South China Sea. It is reasonable 
to determine the closing time based on the breeding 
seasons of most species. However, the references of 
fi shery biological characteristics in China were almost 
studied before 2000; some information cannot 
correspond to the current conditions (Shih et al., 2009). 
Therefore, comprehensive and systematic fi shery 
surveys should be encouraged. 

 4.3 Limitation 

 There were some limitations of our study. First, 
our results were based on the fi shery-dependent data, 
whose catch and eff ort information collected by the 
fi shing industry. It is cheaper to obtain a larger 
number of fi shing data, but it is sometimes insuffi  cient 
for thorough fi shery assessment because of 
unrepresentative data (Dennis et al., 2015). Second, 
the loss of sampling data prior to the implementation 
of SMMF made the actual impact of SMMF hard to 
be evaluated. Which factors caused higher CPUE of 
the species, SMMF or recruitment, was hard to 
clarify. The set-net fi shery is a kind of small-scale 
fi shery in China. As in most developing countries, 
data-poor situations pose severe challenges for 
fi shery management (Brooks et al., 2010). Cheng et 
al. (1999) analyzed the fi shing data of economic 
species in the East China Sea from 1990 to 1998, 
concluding that SMMF brought positive functions to 
the fi shery. Third, it is confounded whether 
community changes were caused by SMMF, 
seasonality (Caddy, 2000), change of fi sh’ behavior 
(Jupiter et al., 2012), or migration (Hunter et al., 
2006). Previous studies showed that the abundance 
of some species decreased after fi shery closure 
because of the seasonal pattern of biomass (Sardá et 
al., 1999; Occhipinti-Ambrogi et al., 2005). Not only 
that, the change of fi sh’ behavior is an important 
reason for increasing catches after closure 
(Januchowski-Hartley et al., 2014), which is 
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explained as moving around freely and occupying 
more habitats due to the absence of fi shing activities. 
Seasonal migrations of migratory species also have 
important eff ects on the fi shery community, and a 
study revealed that the fi shery landings corresponded 
closely to the seasonal movement (Hunter et al., 
2006). Last, environment information was not 
available in the present study. However, 
environmental factors are meaningful to understand 
the dynamics of the fi shery communities (Tang et al., 
2018). Despite some drawbacks, we suggested that 
SMMF is one of the most critical factors aff ecting the 
community structure of the set-net fi shery. Our 
results could provide some valuable references for 
the following fi sheries managements and researches.  

 5 CONCLUSION 
 The set-net fi shery is a representative small-scale 

fi shery in Haizhou Bay, China, closely related to the 
livelihood of artisanal fi shers. However, the status of 
fi shery resources is declining over the past decades. 
This study elaborated the temporal variations of set-
net fi shery communities in Haizhou Bay from 2011 to 
2018, and evaluated the eff ects of SMMF on the 
communities. Our results elucidated that the mean 
weight proportion of the target groups kept stable or 
increased slightly, while the miniaturization of fi shery 
species has emerged these years. The impacts of 
SMMF were apparent annually in reducing fi shing 
mortality and increasing catches, while many 
challenges are non-negligible. The responses of 
species and groups to the SMMF were various, which 
may be correlated with their biological characteristics 
and environmental conditions. In order to better 
maintain the marked eff ects of SMMF, modifi cations 
like assisting with rigorous enforcement and 
supporting measures are supposed to be implemented. 
Furthermore, special studies for full understandings 
of species’ spawning periods and investigations 
aiming at particular species are suggested, which 
could provide better proposals for policy-makers.  
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