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  Abstract         The shrimp beam trawl fi shery in the northern South China Sea is characterized by high 
by-catch and poor selectivity problems. Among by-catch species, banded scad ( Caranx  ( Atule )  kalla ) is 
economically the most important one. The aim of this study is to improve the selective properties of codends 
for banded scad. Size selectivity of 2 traditional diamond mesh codends, with mesh size 25 and 30 mm 
(defi ned as D25 and D30, respectively), and 4 new combined square and diamond mesh codends, with 
25 mm square-mesh and 25 mm diamond-mesh (S25+D25), 30 mm square-mesh and 25 mm diamond-
mesh (S30+D25), 35 mm square-mesh and 25 mm diamond-mesh (S35+D25), and 35 mm square-mesh and 
18 mm diamond-mesh (S35+D18), were tested for banded scad in shrimp beam trawl fi shery of the South 
China Sea. A total of 54 valid hauls were fi nished using the covered codend method, and 5750 banded scad 
were caught. Selective parameters were obtained using the logistic equation with the maximum likelihood 
method, by incorporating the between-haul variation. The results show that the present minimum mesh size 
for shrimp beam trawl in the South China Sea, 25-mm diamond mesh size, is insuffi  cient to release immature 
banded scad. The S35+D25 codend is proved to be the most eff ective codend to release immature banded 
scad, and its 50% retention length ( L  50 ) is larger than the minimum landing size (MLS=63.5 mm) of banded 
scad. However, the 95% confi dence intervals of  L  50  overlap among the three combined mesh codends, the 
S25+D25, S30+D25 and S35+D25 codend. For a sustainable exploitation of banded scad, larger mesh sizes 
are suggested to be investigated for the combined mesh codends. 

  Key  word : shrimp beam trawl; diamond mesh codend; combined square and diamond mesh codend; banded 
scad  Caranx  ( Atule )  kalla ; size selectivity 

 1 INTRODUCTION 

 Shrimp beam trawl is one of the most important 
fi shing gears in the South China Sea (Yang et al., 
2002a). It has been estimated that there were 600 
shrimp beam trawlers (125 092.1 kW) operating in 
the coastal waters of Guangdong province, and 
harvesting a great amount of by-catch product (Yang 
et al., 2015). The target species of shrimp beam trawl 
in the South China Sea are Greasyback shrimp 
( Metapenaeus   ensis ) and Shiba shrimp ( Metapenaeus  
 joyneri ), but their production substantially vary 
according to the fi shing seasons and fi shing grounds. 
At some seasons, especially in the spring, they were 

often replaced by banded scad ( Caranx  ( Atule )  kalla ) 
to be the main target species. The banded scad, used 
to be a by-catch species of bottom trawls in the South 
China Sea, has gradually become the commercially 
valuable target species of trawls and gillnets, as other 
traditional fi sh stocks have already deteriorated. 

 Trawling fi sheries, especially shrimp trawl fi sheries 
in tropical and subtropical areas, are notorious for 
their by-catch and discards problem (Hall et al., 2000; 

 * Supported by the Special Fund for Agro-scientifi c Research in the Public 
Interest (No. 201203018) 
 ** Corresponding author: ybzaaa@163.com 



1881No.5 YANG et al.: Size selectivity of codends of shrimp beam trawl

Kelleher, 2005). The situation is the same to shrimp 
beam trawl fi shery in the South China Sea, because 
relatively small meshes are needed to retain the 
shrimp species and they usually operate in multi-
species fi shing grounds. Diamond mesh codends with 
20 or 18 mm mesh size are often used in commercial 
fi shing of shrimp beam trawl. The selectivity of 
fi shing gear plays an important role in the exploitation 
of fi sh stocks and fi sheries management (Mahjoub et 
al., 2011). It is necessary to investigate the selectivity 
of shrimp beam trawl to its main species, due to its 
poor selective properties. There are some studies on 
the selectivity of diamond mesh codend and square 
mesh codend of bottom trawl fi shery in the South 
China Sea (Yang et al., 2002b, 2002c, 2003). 
According to their studies, the diamond mesh codend 
is good at releasing fl at fi sh, while the square mesh 
codend has better selective properties for round fi sh. 
Some researcher suggests that a combined diamond 
and square mesh codend might be ideal for trawl 
fi sheries in the South China Sea (Yang et al., 2003). In 
China, shrimp beam trawl belongs to the same 
legislative category of fi shing gears as bottom trawl. 
But the fi shing gears and methods of shrimp beam 
trawl are completely diff erent from those of bottom 
trawl. Because the bottom trawl fi shing vessels 
usually drag one trawl-net using otter boards, and the 
dimension of its net is much larger than that of shrimp 
beam trawl. While fi shing vessels of shrimp beam 
trawl use two sticks (or beams) to operate their nets, 
they can simultaneity drag as much as 20 nets at one 
fi shing operation. At present, most studies of 
selectivity focused on the bottom trawl, few works 
about the selectivity of shrimp beam trawl has been 
done in China (Yang et al., 2002b, 2003; Huang et al., 
2016). 

 At present, there is no regulation about the 
minimum landing size (MLS) of banded scad in the 
South China Sea. According to Chen and Jiang 
(1990), the fi rst maturity length for female banded 
scad is 67 mm total length, for male banded scad that 
length is 60 mm. In this study, the average maturity 
length of female and male banded scad, 63.5 mm total 
length, is temporarily used as its MLS in the present 
study. 

 In 2013, a minimum mesh size of 25-mm length of 
bar for the diamond mesh codend of the shrimp beam 
trawl was promulgated by the Chinese government. 
But this minimum mesh size has not been validated, 
and selectivity of diamond mesh codend of shrimp 
beam trawl to main target species is still unknown. A 

lot of work have been done to compared the selectivity 
of square mesh codend with that of diamond mesh 
codend (Broadhurst et a., 2006; Deval et al., 2009; 
Sala et al., 2015), most of these work proved that the 
selectivity of square mesh codend is better than 
diamond mesh codend. But in multispecies trawl 
fi sheries, a combined netting codend of diamond 
mesh and square mesh was suggested, as to some 
species, such as fl atfi sh, the selectivity of diamond 
mesh codend is better than that of square mesh codend 
(Yang et al., 2003; Frandsen et al., 2010, 2011). At 
present, there is no study about the selective properties 
of combined square mesh and diamond mesh codend 
reported in the South China Sea. The aim of our study 
is to test two traditional diamond mesh codends, 
codend with mesh size of 25-mm and codend with 
mesh size of 30-mm, and compare their selectivity 
with those of four combined square mesh and diamond 
mesh codends.  

 2 MATERIAL AND METHOD 

 2.1 Fishing experiment 

 A series of fi shing experiments were conducted in 
the northern South China Sea in August 2014, August 
2015, and August 2016, respectively. The main fi shing 
area was 21°33′–21°48′N, 112°07′–112°20′E, in 
which the water depth was mainly about 5–12 m, and 
sand and mud in the bottom. Two traditional shrimp 
beam trawl vessels were used in fi shing experiments, 
named “ Yueyangdong   12507 ” (length overall: 16 m, 
engine power: 79 kW) and “ Yueyangdong   12081 ” 
(length overall: 21 m, engine power: 98 kW). 

 A commercial shrimp beam trawl-net was used in 
the experiments. The total stretched length of the net 
was nearly 7.15 m, with a net mouth of 375 meshes 
(with a mesh size of 28-mm). Two sticks, both with a 
length of 2.2 m, were equipped around the mouth of 
the net, the upper one was made of bamboo, and the 
other was made of steel. During fi shing operation, 
two large beams (nearly 20 m in length) were stretched 
at both sides of the vessel, and then 12 trawl-nets 
were shot and equipped in order. In our experiments, 
all tested codends were placed at the same position 
and fi shed with others commercial nets, respectively.  

 Six codends with diff erent mesh sizes and 
confi guration were designed. The fi rst and second 
codend represent the traditional diamond mesh 
codends, with mesh size 25 (D25) and 30 mm (D30), 
respectively. The other four codends were novel 
designs, made of combined square and diamond mesh 
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codends, in which the square mesh codends were 
placed in front part connected with the anterior 
extension section of the net. The combined netting 
codends were defi ned as the S35+D18, S25+D25, 
S30+D25 and S35+D25 codend, respectively, 

according to their mesh sizes of the square mesh and 
diamond mesh (Fig.1 and Table 1). All these codends 
were made from polyethene (PE) single twine, and 
had the same stretched length (approx. 1.5 m) and 
circumference (approx. 0.5 m, with a hanging ratio of 
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 Fig.1 Schematic diagram of the shrimp beam trawl (a), specifi cation of the net and the test codends (b) 
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0.35 for diamond mesh codends). The experiments 
were conducted with the covered codend method. The 
cover was made of single twine PE netting with a 
nominal mesh size 15 mm. The specifi cation of tested 
codends and cover were listed in Table 1 and Fig.1. 
Under the test schedule, all designed codends were 
planed to have at least 10 replicated hauls test. 
However, as some unpredicted situation occurred, for 
instance, the trawl nets were blocked by great amount 
of jellyfi sh, some codends could not reach that level.  

 For each haul, all catches from both codend and 
cover were handled separately, and classifi ed into 
species levels. Each of species were weighed and 
counted, and the total length was measured. Due to 
large number of individuals, random sub-sampling 
was conducted at some hauls. All data were collected 
onboard.  

 2.2 Data analysis 

 Selective curves were fi tted by the logistic equation 
as given by Fryer (1991) and Wileman et al. (1996). 
In the logistic equation, the retention probability of a 
fi sh with  l  length entering the codend can be expressed 
as follow:  

 1 2

1 2

exp( )( )
1 exp( )

v v lr l
v v l



 

,   (1) 

 where  r ( l ) is the probability that a fi sh of size class  l  
would be retained,  v  1  and  v  2  are selective parameters 
to be estimated. By the parameters  v  1  and  v  2 , the 50% 
retention length ( L  50 ) and selection range (SR) can be 
obtained as: 

  L  50 =- v  1 / v  2 ,            (2) 
 SR=(2ln3)/ v  2,          (3) 

where t he parameters  v  1  and  v  2  are estimated by 
maximum likelihood method. The log-likelihood 
function is expressed as follow (Wileman et al., 1996; 

Tokai, 1997; Tokai and Mitsuhashi, 1998; Millar and 
Fryer, 1999): 

 ( ) ln( ) { ln[ ( )] ln[ ( )]},
i in c

i
l L N r l N r l        (4) 

 where  N  ni  is the catch number of fi sh with  l  length in 
the codend,  N  ci  is the catch number of fi sh with  l  
length in the cover. 

 To maximize the equation 4, we used SOLVER in 
Microsoft Excel-2003 (Tokai, 1997; Tokai and 
Mitsuhashi, 1998; Deval et al., 2006). Model deviance 
was compared to the number of degrees of freedom 
(dof) to judge the ability of the model to describe the 
fi shing data (Wileman et al., 1996). If model deviance 
is signifi cantly larger than dof (indicated by  P <0.05), 
it is necessary to determine whether the reason is the 
model′s inability to describe the length-based structure 
of the data (lack of fi t), or whether it is a case of 
overdispersion in the fi shing data (Madsen et al., 
2012). Inspection of a lack of overlap between the 
95% confi dence limits of selective parameters,  L  50  
and SR, was conducted to determine whether there 
were any diff erences between the tested codends 
(Madsen et al., 2012; Wienbeck et al., 2011, 2014; 
Deval et al., 2016). 

 As mentioned by Fryer (1991) and Millar et al. 
(2004), the selectivity of the same fi shing gear can 
vary considerably from haul to haul even when 
deployment is replicated under controlled conditions. 
It is necessary to analyze data at haul level, and then 
estimate the mean selection curve for each codend. In 
the present study, the fi shing data from each codend 
were analyzed following the procedure recommended 
by Wileman et al. (1996) and Deval et al. (2016). 
Logistic curves were fi tted to fi shing data at haul level 
with maximum likelihood method. The parameters  v  1  
and  v  2 , together with their variance-matrix  R  i  
parameters, were estimated haul by haul for each 

 Table 1 Mesh sizes, specifi cation of diff erent codends and cover 

 Codend  Confi guration  Nominal mesh size (mm)  Mesh opening (mm)  Description of codend 

 D25  DM  25  21.10±0.93  58×60 meshes 

 D30  DM  30  26.64±0.73  48×50 meshes 

 S35+D18  Combined SM   and DM  35 for SM , 18 for DM  SM 32.70±0.63, DM 15.07±0.36  29×43 bars for SM, 80×42 meshes for DM 

 S25+D25  Combined SM   and DM  25 for SM, 25 for DM  SM 21.80±0.42, DM 21.80±0.42   40×60 bars for SM, 58×30 meshes for DM  

 S30+D25  Combined SM   and DM  30 for SM, 25 for DM  SM 27.14±0.45, DM 21.80±0.42  34×50 bars for SM, 58×30 meshes for DM  

 S35+D25  Combined SM   and DM  35 for SM, 25 for DM  SM 32.42±0.18, DM 21.80±0.42  29×43 bars for SM, 58×30 meshes for DM  

 Cover  DM  15   12.55±0.28  251×155.5 meshes 

 In the column of ′description of codend′ the multiplication expressions represent the number of mesh (or bar) around the circumference and the number of 
mesh (or bar) in vertical direction of the codend and cover; DM represents diamond mesh; SM represents square mesh. 
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codend. If the logistic equation fail to describe the 
experimental data, data of this haul would be 
discarded. Then all parameters,  v  1  and  v  2 , and their 
variance-matrix parameters,  R  i , were combined to 
obtain the mean selection curve by residual maximum 
likelihood (REML) for each codend (Fryer, 1991; 
Deval et al., 2016). If the REML failed to obtain 
available mean selective parameters, mean selection 
curves were obtained by pooled data of all hauls for 
the specifi c codend.   

 3 RESULT 

 A total of 54 valid hauls were fi nished during the 
3-year fi shing trials: 6 hauls with the D25 codend 
(towing duration 12.87 h), 8 hauls with the D30 
codend (towing duration 17.30 h), 8 hauls with the 
S35+D18 codend (towing duration 17.17 h), 11 hauls 
with the S25+D25 codend (towing duration 18.42 h), 
11 hauls with the S30+D25 codend (towing duration 
16.80 h) and 10 hauls with the S35+D25 codend 
(towing duration 17.92 h). Four hauls were discarded 
due to improper operation, in which the catch of 
codend and cover confused. Detailed haul information 
about each codend is listed in Table 2, Table 3 and 
Table 4, respectively.  

 3.1 Catch data 

 A weight of 200.2 kg total was caught by six 
codends; the catch weight considerably varied, from 
0.14 to 11.58 kg. A total of 30 species had been 
caught, including 22 fi sh species, 5 shrimp species 
and 3 cephalopod species. Among these species, 2 
shrimp species, shiba shrimp ( Metapenaeus   affi  nis ) 
and greasyback shrimp ( Metapenaeus   ensis ), and 1 
fi sh species, banded scad ( Caranx  ( Atule )  kalla ), were 
dominant, which accounted for more than 85% of the 
total catch by weight. Only the data of banded scad 
was suffi  cient enough to further analysis of selectivity, 
our study focus on this species.  

 3.2 Selectivity analysis 

  The D25 codend  
 In total, 326 banded scad were caught; 324 and 2 

individuals were in the codend and in the cover, 
respectively. Retention of this species was rather high 
(99.4%). Length distributions range between 48 and 
83 mm, with a peak at 63–68 mm (79.8%) (Fig.2a).  

 It was impossible to carry out further selectivity 
analysis due to few banded scad caught by the cover 
for this type of codend. 

 Table 2 Haul and catch summaries for the D25 and D30 codend 

         Coordinates 
 TD  Depth (m)  Towing time  Catch (kg) 

         Start  End 

 Trawler  Codend  Date  Haul  Lat  (N)  Long (E)  Lat  (N)  Long  (E)  (km)  Start  End  Start  End  D  Codend  Cover 

 YYD12057  D25  06.08.2014  1  21°43.13′  112°11.44′  21°42.57′  112°11.97′  9.6   7  6  08:15  10:20  2:05  4.60  0.06 

     06.08.2014  2  21°43.56′  112°11.33′  21°43.66′  112°12.09′  9.3   8  7  10:40  12:45  2:05  4.98  0.15 

     06.08.2014  3  21°43.86′  112°12.21′  21°44.03′  112°11.86′  11.3   6  8  13:00  15:27  2:27  4.92  0.69 

     06.08.2014  4  21°44.53′  112°12.37′  21°44.37′  112°10.93′  11.4   8  11  15:40  18:20  2:40  5.23  1.62 

     07.08.2014  5  21°43.67′  112°12.84′  21°43.34′  112°11.97′  6.4   7  10  08:10  09:30  1:20  3.53  0.14 

     07.08.2014  6  21°43.45′  112°11.67′  21°43.62′  112°12.04′  10.4   11  7  09:50  12:05  2:15  3.48  0.31 

               ∑=  58.4   12.87 h  26.7  3.0 

 YYD12057  D30  04.08.2014  1  21°44.96′  112°10.39′  21°45.04′  112°08.94′  11.6   10  9  06:30  09:00  2:30  11.58  0.45 

     04.08.2014  2  21°48.56′  112°08.38′  21°45.57′  112°07.76′  10.8   4  8  09:10  11:30  2:20  11.26  0.50 

     04.08.2014  3  21°45.01′  112°07.68′  21°45.39′  112°08.34′  10.0   5  9  11:50  14:00  2:10  11.58  0.61 

     04.08.2014  4  21°45.99′  112°08.56′  21°46.13′  112°08.18′  9.9   6  10  14:20  16:28  2:08  9.84  0.87 

     05.08.2014  5  21°44.28′  112°08.46′  21°43.76′  112°07.67′  9.3   8  9  08:20  10:20  2:00  9.08  0.62 

     05.08.2014  6  21°43.06′  112°07.51′  21°43.87′  112°08.07′  9.6   9  7  10:35  12:40  2:05  4.98  0.81 

     05.08.2014  7  21°43.78′  112°08.21′  21°44.11′  112°07.62′  9.3   9  10  13:00  15:00  2:00  3.50  1.10 

     05.08.2014  8  21°44.97′  112°07.06′  21°43.57′  112°07.67′  9.6   8  6  15:15  17:20  2:05  4.69  1.22 

               ∑=  80.1   17.30 h  66.5  6.2 

 IVH: invalid haul; TD: towing distance; D: towing duration; Lat: latitude; Long: longitude. YYD12057, the shrimp beam trawler “ Yueyangdong   12057 ”. 
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 Table 3 Haul and catch summaries for the S35+D18 and S25+D25 codend 

         Coordinates 
 TD  Depth (m)  Towing time  Catch (kg) 

         Start  End 

 Trawler  Codend  Date  Haul  Lat  (N)  Long (E)  Lat  (N)  Long  (E)  (km)  Start  End  Start  End  D  Codend  Cover 

 YYD12081  S35+D18  08.08.2015  IVH  21°43.47′  112°11.25′  21°43.01′  112°09.74′  -  7  9  18:00  18:45  -  -  - 

     08.08.2015  2  21°43.04′  112°11.24′  21°42.77′  112°09.91′  7.8   8  10  18:55  20:40  1:45  3.63  0.41 

     08.08.2015  3  21°42.99′  112°10.11′  21°42.87′  112°09.94′  9.9   10  11  21:10  23:30  2:20  4.44  0.64 

     09.08.2015  4  21°43.08′  112°10.41′  21°42.53′  112°10.74′  13.5   8  10  02:20  05:15  2:55  3.73  1.01 

     10.08.2015  5  21°45.05′  112°09.94′  21°45.19′  112°08.98′  11.2   6  7  07:20  09:40  2:20  2.35  0.11 

     10.08.2015  6  21°45.53′  112°09.52′  21°45.29′  112°08.44′  11.7   7  9  10:10  12:30  2:20  7.60  0.30 

     10.08.2015  7  21°45.98′  112°09.76′  21°45.94′  112°09.41′  7.7   8  10  13:10  14:50  1:40  5.32  0.19 

     10.08.2015  8  21°45.79′  112°02.83′  21°45.71′  112°08.16′  8.1   6  7  15:10  17:00  1:50  5.64  0.08 

     10.08.2015  9  21°45.07′  112°02.84′  21°45.47′  112°09.43′  9.6   7  10  17:20  19:20  2:00  3.71  0.16 

               ∑=  79.5   17.17 h  36.4  2.9 

 YYD12081  S25+D25  11.08.2016  1  21°46.07′  112°09.09′  21°45.89′  112°09.78′  4.6   6  8  06:50  07:50  1:00  0.82  0.03 

     11.08.2016  IVH  21°45.89′  112°08.91′  21°45.38′  112°09.04′  -  8  10  07:10  08:40  -  -  - 

     11.08.2016  3  21°45.78′  112°08.81′  21°46.24′  112°09.26′  6.9   9  8  09:00  10:30  1:30  1.99  0.39 

     11.08.2016  4  21°46.09′  112°09.07′  21°45.62′  112°08.83′  8.0   6  7  10:50  12:30  1:40  1.74  0.27 

     11.08.2016  5  21°45.68′  112°08.78′  21°45.92′  112°09.17′  6.7   8  9  12:50  14:20  1:30  1.19  0.43 

     11.08.2016  6  21°46.01′  112°07.97′  21°46.02′  112°08.49′  8.1   8  7  14:40  16:30  1:50  0.82  0.32 

     11.08.2016  7  21°45.75′  112°09.72′  21°46.15′  112°09.23′  6.3   8  8  16:45  18:10  1:25  0.95  0.27 

     24.08.2016  8  21°45.80′  112°08.15′  21°45.24′  112°09.48′  7.8   7  9  06:55  08:50  1:55  2.70  0.13 

     24.08.2016  9  21°45.77′  112°06.63′  21°46.14′  112°07.62′  7.5   8  6  09:10  11:00  1:50  2.94  0.17 

     24.08.2016  10  21°46.17′  112°07.34′  21°45.96′  112°07.20′  8.9   7  8  11:20  13:20  2:00  2.58  1.17 

     24.08.2016  11  21°46.56′  112°07.66′  21°46.81′  112°07.70′  8.1   10  11  13:40  15:30  1:50  1.98  0.24 

     24.08.2016  12  21°46.26′  112°07.98′  21°46.33′  112°09.56′  7.8   7  9  15:45  17:40  1:55  0.90  0.17 

               ∑=  80.7   18.42 h  18.6  3.6 

 IVH: invalid haul; TD: towing distance; D: towing duration; Lat: latitude; Long: longitude. YYD12081, the shrimp beam trawler “ Yueyangdong   12081 ”. 
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 Fig.2 Selection curve from individual haul (thin logistic line), observed retention values, size structure of retained (thick 
line) and escaped (broken line) population for the D25 (a) and S35+D18 codend (b) 
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  The D30 codend  
 In total, 665 banded scad were caught; 454 and 211 

individuals were in the codend and in the cover, 
respectively. Retention of this species was 68.3%. 
Length distributions range between 53 and 88 mm, 
with a peak at 63–68 mm for the codend (74.4%), and 
58–63 mm for the cover (79.1%) (Fig.3a). 

 Three valid hauls provided available data for 
selectivity parameter estimates for the D30 codend. 
The fi t statistics indicated that the model fi tted well 
with the data from any haul ( P >0.05). Low numbers 
of individuals in cover caused high  R  i  values for the 
three hauls (Table 5). The  L  50  was estimated to be 
59.8, 57.6 and 62.4 mm, and SR 9.1, 7.7 and 10.9 mm 
for the three hauls. But the model failed to converge 

to estimate the mean selection curve for the three 
individual hauls in residual maximum likelihood 
estimation. Pooled data analysis produced an  L  50  
value of 59.0 mm, and an SR value of 25.4 mm. 

  The S35+D18 codend  
 In total, 196 banded scad were caught; 171 and 25 

individuals were in the codend and in the cover, 
respectively. Retention was 89.3%. Length 
distribution show their size ranges between 48 and 
108 mm, with a main peak at 78–83 mm (Fig.2b). 

 For this codend, catch individuals from the cover 
were rather few. Only one haul could provide enough 
specimen for further selectivity analysis. The fi t 
statistics indicated that the logistic curve described 
the data well ( P >0.05). The  L  50  and SR were estimated 

 Table 4 Haul and catch summaries for the S30+D25 and S35+D25 codend 

         Coordinates 
 TD  Depth (m)  Towing time  Catch (kg) 

         Start  End 

 Trawler  Codend  Date  Haul  Lat  (N)  Long  (E)  Lat  (N)  Long  (E)  (km)  Start  End  Start  End  D  Codend  Cover 

 YYD12081  S30+D25  12.08.2016  1  21°45.80′  112°09.31′  21°45.81′  112°08.79′  4.0   7  8  06:40  07:30  0:50  0.83  0.02 

     12.08.2016  2  21°46.27′  112°08.69′  21°46.28′  112°08.62′  6.2   10  7  08:10  09:30  1:20  0.79  0.01 

     12.08.2016  3  21°45.75′  112°09.26′  21°44.66′  112°10.14′  4.6   10  11  10:00  11:00  1:00  3.11  0.07 

     12.08.2016  4  21°44.08′  112°07.78′  21°43.49′  112°06.11′  4.8   9  10  11:20  13:20  1:00  0.14  0.13 

     12.08.2016  5  21°42.62′  112°10.11′  21°41.91′  112°10.64′  4.5   8  9  14:00  14:58  0:58  0.56  0.02 

     14.08.2016  6  21°45.50′  112°09.66′  21°45.99′  112°09.63′  8.8   7  10  07:40  09:30  1:50  1.96  0.25 

     14.08.2016  7  21°45.94′  112°08.92′  21°45.82′  112°09.13′  6.7   6  8  09:50  11:20  1:30  0.37  0.12 

     14.08.2016  8  21°45.39′  112°08.22′  21°45.09′  112°09.46′  7.4   9  7  11:40  13:20  1:40  1.47  0.33 

     14.08.2016  9  21°45.10′  112°09.42′  21°45.13′  112°09.40′  3.1   6  8  13:40  14:25  0:45  1.06  0.53 

     15.08.2016  10  21°45.62′  112°08.96′  21°45.96′  112°07.81′  9.3   5  8  07:00  09:00  2:00  1.84  0.23 

     15.08.2016  11  21°45.82′  112°09.17′  21°45.61′  112°09.12′  7.8   7  7  09:20  11:10  1:50  4.02  1.52 

     15.08.2016  12  21°44.85′  112°07.69′  21°45.48′  112°09.87′  9.3   9  7  11:25  13:30  2:05  3.19  5.37 

     15.08.2016  IVH  21°45.80′  112°09.53′  21°45.24′  112°10.15′  -  8  7  13:50  16:00  -  -  - 

               ∑=  76.5   16.80 hr  19.3  8.6 

 YYD12081  S35+D25  22.08.2016  IVH  21°42.94′  112°08.94′  21°42.29′  112°07.06′  -  8  6  06:30  07:30  -  -  - 

     22.08.2016  2  21°44.53′  112°07.58′  21°44.58′  112°05.98′  9.6   9  6  07:55  10:10  2:15  4.01  0.31 

     22.08.2016  3  21°44.59′  112°05.45′  21°44.58′  112°05.54′  8.1   7  8  10:30  12:30  2:00  6.45  0.57 

     22.08.2016  4  21°44.52′  112°05.13′  21°44.39′  112°06.23′  8.8   7  9  12:50  15:00  2:10  4.39  0.18 

     22.08.2016  5  21°44.87′  112°06.21′  21°44.89′  112°06.21′  6.8   8  8  16:20  18:00  1:40  3.98  0.82 

     22.08.2016  6  21°45.04′  112°08.69′  21°44.73′  112°07.29′  8.1   8  9  06:30  08:15  1:45  4.17  0.60 

     23.08.2016  7  21°44.98′  112°07.60′  21°44.70′  112°06.42′  7.1   7  9  08:30  10:10  1:40  1.80  0.32 

     23.08.2016  8  21°44.74′  112°06.42′  21°44.72′  112°05.81′  8.1   8  8  10:30  12:20  1:50  3.13  0.36 

     23.08.2016  9  21°44.97′  112°05.49′  21°44.27′  112°06.09′  5.4   7  9  12:50  14:10  1:20  2.56  1.08 

     23.08.2016  10  21°45.07′  112°05.56′  21°44.06′  112°06.23′  7.1   10  8  14:30  16:10  1:40  1.58  0.45 

     23.08.2016  11  21°44.95′  112°06.55′  21°44.35′  112°08.60′  6.7   9  11  16:25  18:00  1:35  0.64  0.23 

               ∑=  75.8   17.92 hr  32.7   4.9  

 IVH: invalid haul; TD: towing distance; D: towing duration; Lat: latitude; Long: longitude. 
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to be 67.7 mm and 9.8 mm for that haul, respectively. 
Pooled data analysis produced an  L  50  value of 
55.1 mm, and an SR value of 18.1 mm. 

  The S25+D25 codend  
 In total, 643 banded scad were caught; 434 and 209 

individuals were in the codend and in the cover, 
respectively. The retention was 67.5%. Length 
distribution show their size ranges between 23 and 
83 mm, with a peak at 63–69 mm for the codend 
(61.5%) and a peak at 58–63 mm for the cover 
(46.9%) (Fig.3b).  

 Four valid hauls provided available data to obtain 
selectivity curves (Fig.3b). Inspection of the fi t 
statistics indicated that there was no problem to use 
logistic curve to describe the data of the four individual 
hauls ( P >0.05). In the mean selectivity curve, the  L  50  

and SR were estimated to be 60.5 mm and 16.1 mm, 
respectively (Table 5).  

  The S30+D25 codend  
 In total, 3 223 banded scad were caught; 2 381 and 

842 individuals were in the codend and in the cover, 
respectively. The retention was 73.9%. Length 
distribution show their size ranges between 13 and 
98 mm, with a peak at 63–68 mm for the codend 
(73.5%) and a peak at 58–63 mm for the cover 
(54.9%) (Fig.3c). 

 Six valid hauls provided available data to obtain 
selectivity curves. Inspection of the fi t statistics 
indicated that there was no problem to use logistic 
curve to describe the data of the six individual hauls 
( P >0.05). In the mean selectivity curve, the  L  50  and SR 
were estimated to be 61.7 mm and 17.1 mm, respectively.  

 Table 5 Selectivity parameters for the D30, S35+D18, S25+D25, S30+D25 and S35+D25 codend 

                       Goodness of fi t  Length  Catch ( n )  Sampling 
Ratio (g) 

 Codend  NH   L  50   CI  SR  CI   v  i  1    v  i  2    R  i  11    R  i  12    R  i  22   Divance  dof   P -value  Min  Max  Cd  Cov  Cd  Cov 

 D30  1  59.8  55.2–64.4  9.1  0.9–17.3  -14.414  0.241  49.348 1  -0.774 7  0.012 2  1.6  3  0.658 6  58  90  128  10  0.23  1.00 

   5  57.6  55.0–60.1  7.7  1.7–10.9  -16.524  0.287  45.736 2  -0.772 0  0.013 1  0.2  3  0.971 3  51  82  36  17  0.83  1.00 

   6  62.4  59.8–65.1  10.9  2.0–19.8  -12.606  0.202  27.603 4  -0.440 8  0.007 1  3.9  3  0.276 6  51  72  140  88  0.21  0.34 

 MC *   59.0  55.5-62.5  25.4  10.8–40.0  -5.097  0.086  2.561 4  -0.040 4  0.000 6  3.2  6  0.779 1  51  90  196  135  0.43  0.64 

 S35+D18  4  67.7  61.8–73.5  9.8  3.2–16.5  -15.106  0.223  30.482 5  -0.422 5  0.005 9  3.2  6  0.777 8  46  89  22  11  1.00  1.00 

 MC*  55.1  48.6-61.6  18.8  11.1–26.5  -6.436  0.117  2.777 0  -0.040 2  0.000 6  10.5  10  0.395 1  46  123  171  25  1.00  1.00 

 S25+D25  3  65.9  62.1–69.7  14.3  4.4–24.2  -10.142  0.154  12.846 7  -0.195 0  0.003 0  6.0  7  0.534 0  29  81  27  50  1.00  0.60 

   4  64.7  60.2–69.2  18.7  7.1–30.3  -7.600  0.117  5.621 1  -0.087 9  0.001 4  11.3  8  0.183 0  21  81  67  47  0.45  1.00 

   6  58.2  54.8–61.6  12.2  4.7–19.6  -10.524  0.181  11.363 9  -0.189 8  0.003 2  4.9  6  0.561 2  31  73  66  40  0.45  0.75 

   7  52.7  44.0–61.4  21.0  0.2–41.9  -5.505  0.104  9.602 6  -0.162 4  0.002 8  2.9  3  0.410 3  26  67  25  15  1.00  1.00 

 MC  60.5  52.0-69.0  16.1  8.9–23.2  -8.254  0.136  4.329 6  -0.061 7  0.001 0                   

 S30+D25  3  55.8  52.4–59.2  10.7  5.6–15.9  -11.421  0.205  8.777 5  -0.146 7  0.002 5  2.9  7  0.896 3  32  74  625  26  0.08  1.00 

   4  62.9  57.3–68.4  13.2  5.3–21.0  -10.474  0.167  9.958 6  -0.157 8  0.002 6  2.1  10  0.995 4  22  92  14  33  1.00  1.00 

   8  66.6  63.0–70.3  19.3  8.9–29.8  -7.570  0.114  4.072 8  -0.062 8  0.001 0  7.7  10  0.655 7  19  76  196  77  0.26   1.00 

   10  59.8  53.5–66.2  27.9  3.6–52.2  -4.708  0.079  4.947 9  -0.077 2  0.001 2  8.0  7  0.334 3  20  78  78  40  0.64  1.00 

   11  64.1  61.2–67.0  15.5  4.6–26.4  -9.092  0.142  10.765 4  -0.167 1  0.002 6  2.7  5  0.743 0  34  96  437  198  0.11  0.25 

   12  63.7  59.9–67.4  20.6  6.1–35.1  -6.793  0.107  5.919 7  -0.092 8  0.001 5  7.5  9  0.589 9  17  76  484  56  0.10  0.29 

 MC  61.7  56.0-67.3  17.1  10.1–24.0  -7.931  0.129  2.190 3  -0.038 6  0.000 7                   

 S35+D25  5  64.3  61.1–67.5  12.7  5.4–19.9  -11.161  0.174  11.413 4  -0.170 3  0.002 6  2.1  7  0.951 2  50  86  74  30  0.68  1.00 

   6  65.4  61.7–69.0  16.5  7.6–25.4  -8.695  0.133  6.137 3  -0.090 2  0.001 3  10.0  7  0.185 8  36  86  118  43  0.42  1.00 

   7  64.0  59.6–68.4  11.2  2.6–19.8  -12.558  0.196  26.815 3  -0.398 8  0.006 0  2.0  10  0.996 2  16  89  26  21  1.00  1.00 

   8  63.8  58.8–68.7  24.7  5.8–43.7  -5.667  0.089  5.204 3  -0.078 8  0.001 2  3.8  5  0.578 3  31  79  60  44  0.83  1.00 

   10  65.8  62.6–68.9  15.0  7.1–22.9  -9.618  0.146  6.807 7  -0.101 9  0.001 5  3.0  10  0.981 9  24  82  46  53  1.00  1.00 

   11  68.4  61.4–75.4  21.3  5.4–37.2  -7.069  0.103  7.534 8  -0.107 1  0.001 5  6.2  11  0.858 92  21  81  18  24  1.00  1.00 

 MC  65.4  42.1-88.7  17.7  4.3–31.2  -8.105  0.124  3.567 4  -0.086 1  0.002 3                   

 NH: number of haul; CI: confi dence interval;  v  1  and  v  2 : selectivity parameters; { R  i }: variance matrix measuring within-haul variation; dof: degrees of 
freedom; Cd: codend; Cov: cover; SR: selection ranges; * indicates that a mean selection curve based on pooled data.   
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 Fig.3 Selection curves from individual haul (thin logistic line) and mean selection curves (red thick logistic line), observed 
retention values, size structure of retained (thick line) and escaped (broken line) population for the D25 (a), S35+D18 
codend (b), the D30 (a), S25+D25 (b), S30+D25 (c) and S35+D25 codend (d) 
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  The S35+D25 codend  
 In total, 697 banded scad were caught; 438 and 259 

individuals were in the codend and in the cover, 
respectively. The retention was 62.8%. Length 
distribution show their size ranges between 18 and 
88 mm, with a peak at 63–68 mm for the codend 
(73.5%) and a peak at 58–63 mm for the cover 
(54.9%) (Fig.3d). 

 Six valid hauls provided available data to obtain 
selectivity curves. Inspection of the fi t statistics 
indicated that there was no problem to use logistic 
curve to describe the data of the six individual hauls 
( P >0.05). For some haul (7th), high  R  i  values were 
caused due to low number of banded scad caught by 
both the codend and cover. In the mean selectivity 
curve, the  L  50  and SR were estimated to be 65.4 mm 
and 17.7 mm, respectively.  

 Overall, the retention for immature banded sacd 
(defi ned as the fi sh with length < MLS=63.5 mm) was 
61.41%, 61.01%, 23.98%, 55.30%, 56.03% and 
24.20% for the D25, D30, S35+D18, S25+D25, 
S30+D25 and S35+D25 codend. 

 4 DISCUSSION 

 The present study provides the fi rst selectivity 
results of banded scad in the shrimp beam trawl 
fi sheries in the South China Sea. The results indicate 
that the 25-mm diamond mesh codend is nonselective 
to banded scad, and this minimum mesh size for 
shrimp beam trawl in the South China Sea is 
insuffi  cient to release immature specimens. When the 
mesh size enlarging to 30-mm, the selective property 
is much improving.  

 Our results indicate that the selective properties of 
combined square and diamond mesh codend are better 
than those of traditional diamond mesh codend. 
Theoretically and experimentally, the  L  50  and  SR  
value are primarily aff ected by mesh size and mesh 
shape (Wileman et al., 1996). In our experiments, the 
mesh size of diamond mesh codends and that of 
combined mesh codends are close, from 25 mm to 
35 mm. So the diff erences of selective properties 
between the diamond mesh codends and the combined 
square mesh and diamond mesh codends mainly 
result from the mesh shape. As no literature currently 
addresses selective properties of both diamond mesh 
codend and square mesh codend for banded scad, 
there is no information to compare with our results. 

 It seems that both the S35+D18 codend and the 
S35+D25 codend caught less immature banded scad 
than other four codends. But considering that the 

specimen of banded scad for the S35+D18 codend 
was less than those of  the S35+D25 codend (171 vs 
438, Fig.2b and Fig.3d), the later codend is regarded 
to have the best effi  ciency for releasing immature 
banded scad. In the mean selectivity curves, the  L  50  
value of the S35+D25 is 65.4 mm, larger than those of 
the S25+D25 and S30+D25 codend, and also larger 
than the MLS of banded scad. Nevertheless, overlap 
of the 95% confi dence intervals of the three combined 
mesh codends indicates that the diff erence of  L  50  
might be insignifi cant. Larger mesh sizes for the 
combined mesh codend are suggested to be 
investigated to have a better selective property. 

 There are several experimental methods to test the 
selective properties of codend of trawl (Wileman et 
al., 1996). Among these methods, the covered method 
is the simplest one to be conducted, and easily to 
analyze the fi shing data. But the selectivity of codend 
might be infl uenced by the existence of the covered 
net, which is the so-called mask-eff ect (Wileman et 
al., 1996; Madsen and Holst, 2002). In the future, 
other methods, such as the trouser trawl method and 
paired-trawl method, are suggested to compare with 
our study (Millar, 2010; Mahjoub et al., 2011). 
Besides, the diff erence of morphology and behaviour 
between target species, Greasyback shrimp and Shiba 
shrimp, and banded scad, should also be taken into 
account.  

 5 CONCLUSION 

 The results of our study have confi rmed that the 
selective properties of conventional diamond mesh 
codend (D25) are poor and is insuffi  cient to release 
immature banded scad. The S35+D25 codend is 
suggested to be the best eff ective codend to release 
immature banded scad. For a sustainable exploitation 
of banded scad, larger mesh sizes are suggested to be 
investigated for the square mesh codends, the diamond 
mesh codends, and the combined mesh codends. 
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