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1
Tab.1 Basic information of sea trial for size selectivity experiments

Trip Fishing period Fishing region
/m

Depth

/kn
Flow 

velo ity

/kn
Haul 

velo ity

 Number of hauls

Diamond mesh Square mesh T90 mesh

1
2005.10.29
2005.11.05

32 15 N 32 39 N
121 38 E 122 30 E

18 28 1.3 1.5 2.2 2.9 5 5

2
2006.3.17
2006.03.22

32 02 N 32 17 N
122 32 E 122 55 E

26 32 1.4 1.7 2.2 2.7 5 5

3
2006.09.01
2006.09.07

32 42 N 33 02 N
122 12 E 122 31 E

22 26 0.8 1.0 2.1 2.4 5 5

4
2006.12.23
2006.12.28

32 32 N 32 52 N
122 32 E 122 56 E

25 34 1.5 1.8 2.1 2.4 6

1 2
02121 33.0 m 6.4 m

130 t 205 kW
1 A

32.0 m 15.5 m 8
3 4

1207 52 t 120 kW
1 B

22.0 m
15.4 m 6

3.25~4.50 h 4 h

 

1

A 1 2 B 3 4 N L MAT 2a .

Fig.1 Net drawing of the experimental fishing gears

A beam trawl used in the 1st and 2nd trials  and B  used in the 3rd and 4th trials. N stands for number of meshes L stands for stret hed length

MAT stands for material of twine 2a stands for mesh size.
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1.2

20 mm

1
30 mm 35 mm 40 mm

1 2 3
15

30 mm 35 mm 40 mm
1 3 10

30 mm 40 mm
2 4

11
2

42texPE3 5
25 mm PE

2
Tab.2 Specification of the experimental and test codends

Mesh 
Constru tion

*
Codend position

/mm
Inner diamater

/mesh**
Codend dimension

1 2
1st and 2nd trips

3 4
3rd and 4th trips Nominal size A tual measure

X SD Width Length

Diamond

2 2 Control net 20.21 0.63 180 96

4 3 30 29.85 0.85 120 64
5 4 35 34.94 0.75 102 54
7 5 40 39.84 0.88 90 48

Square

2 2 Control net 20.07 0.51 90 190

4 3 30 29.42 0.33 60 124
5 4 35 35.10 0.40 50 106
7 5 40 40.09 0.68 45 94

T90

2 2 Control net 20.22 0.24 140 115

4 3 30 29.97 0.57 82 64
6 5 40 39.69 0.44 70 58

*  4 4 **  .
Note * Rigging position of the experimental odends e.g. 4  means the odends was rigged in the 4th positon in the dire tion from bow to stern
 ** Units of odend dimension are meshes for diamond and Turn 90  meshes while bars for square mesh.

1/8

5 mm

1.3
1.3.1

16

1

0

0

exp( )

1 exp( )

j

i
ij

j

i

l l
a b

mS l l
a b

m

 1

a b l0 lj j
mi i

L50 50
SR

50 0[ln(2 1) ]i
i

mL a l
b  2
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2575 LLSR iii
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b
mi 3

1 1
ln ( ln )

I J
ij

ij
i j
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1i

I

1 1
( ln )

I J
i ij ij i

ij
i j

i ij ij i
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c

PS Q E
I

1i

 4

cij i j

Pi i 1
1

I

i
iP

Ei i Qij i
j I J

MS EXCEL

Fisher
delta

L50 SR 17 18

4 Repli ation 
estimation of overdispersion REP

19 20

  QREP
d

  5

Q d

2

1 1 1

ˆ( )
ˆˆ (1 )

I J K
ijk ijk

i j k ijk ik

c c
Q

c   6

cij îjkc k i
j K

d= I 1 • K 1 •J J 

1

I

ij
i

c

Q d 2

REP
1.3.2

D2

nJI )1( 2 19 20

n

2

1 1
2 ( ln )

ˆ

I J
ij

ij
i j ij

c
D c

c   7

16

H0A =1 Logisti

H0B l0=0

2

19

2

2.1

Parapenaeopsis hardwickii
Palaemon gravieri

Exopalaemon carinicauda Solenocera 
crassicornis

3
2

3
  Tab.3 Average weights per haul of shrimps retained by codends with different mesh configuration X SD

Spe ies Mesh onstru tion
/mm Mesh size

Control odend30 35 40

Parapenaeopsis 
hardwickii

 Diamond 3.1 0.21 1.79 0.29 1.05 0.43 4.73 0.82
 Square 2.17 0.39 0.91 0.12 0.33 0.16 4.85 1.10

 T90 2.93 0.39 0.46 0.19 5.20 0.66

Palaemon gravieri

 Diamond 1.51 0.42 0.68 0.26 0.25 0.10 2.14 0.67
 Square 1.05 0.25 0.39 0.22 0.12 0.09 1.97 0.53

 T90 1.23 0.29 0.19 0.14 2.56 0.35
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2

D1 S1 T1 D2

S2 T2 .

Fig.2 Size frequen y of shrimp at hes subsampled from odends with different mesh onstru tion

D1 Parapenaeopsis hardwickii sumsampled from diamond mesh odends S1 Parapenaeopsis hardwickii from square mesh odends T1

Parapenaeopsis hardwickii from T90 mesh odends D2 Palaemon gravier from diamond mesh odends S2 Palaemon gravier from square mesh 

odends T2 Palaemon gravier from T90 mesh odends.
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4
Tab.4 Goodness of model fit and simplification and estimates with standard errors  of 

model parameters for Parapenaeopsis hardwickii

Item Index

 Diamond mesh  Square mesh  T90 mesh

Full model
H0A Full model

H0A Full model
H0A

Model 
estimates
X SD

â 9.76 3.24 7.35 0.40 8.48 3.24 10.11 0.64 8.21 4.04 10.84 0.83

b̂ 2.75 0.83 2.17 0.22 3.04 0.96 3.51 0.36 2.44 0.88 2.96 0.48

ˆ 1.52 0.70 1 0.78 0.43 1 0.64 0.53 1

0̂l 46.88 11.02 48.80 11.02 21.81 9.00 21.37 8.92 47.11 15.75 48.98 16.40

Model fit

 
Devian e

29.48 30.90 22.57 23.11 15.56 16.80

 
Degree of freedom

26 27 26 27 16 17

P 0.290 0.275 0.657 0.679 0.484 0.468

Model 
simplifi ation

 
Devian e

1.417 0.540 1.233

Degree of freedom
1 1 1

P 0.234 0.463 0.267

Between-trials 
variation

Q 108.85 110.94 64.16 65.04 61.54 62.96

d 56 57 26 27 16 17

REP 1.39 1.40 1.57 1.55 1.96 1.92

P <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001

2.2
4

4 Qij

Ei

Pi

1 1

1

ln ( ln )
I J

ij
ij I

i j
ij

i

S
L c

S

Sij=1

H0A =1
P > 0.05 P < 0.000 1

P=0.047

H0A P=0.071
4 5

P < 0.000 1
REP

2.3

L50

SR 6  
6

L50

L50 15.6 P=0.021
SR

38.0 P=0.007 L50

14.2 SR 26.6
P 0.092 0.091
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5
Tab.5 Goodness of model fit and simplification and estimates with standard errors  

of model parameters for Palaemon gravieri

Item Index

 Diamond mesh  Square mesh  T90 mesh

Full model
H0A Full model Full model

H0A Full model

Model 
estimates
X SD

â 11.34 3.81 12.50 0.87 8.80 4.32 13.73 1.45 5.60 5.13 10.68 1.20

b̂    3.67 1.12    4.00 0.46   3.35 1.29    4.80 0.83   2.29 1.15    3.43 0.79
ˆ    0.86 0.46 1   0.49 0.42 1   0.35 0.59 1

0̂l 44.03 10.32 43.45 9.99 30.14 12.36 29.54 12.55 31.91 17.94 35.60 20.44

Model fit

 Devian e 20.17 20.43 39.14 42.40 12.68 15.77

Degree of freedom
23 24 26 27 14 15

P 0.632 0.672 0.047 0.030 0.552 0.398

Model 
simplifi ation

 Devian e 0.262 3.254 3.084

Degree of freedom
1 1 1

P 0.609 0.071 0.079

Between-trials 
variation

Q 150.01 150.12 80.58 85.53 70.16 73.29
d 50 51 23 24 14 15

REP 1.73 1.72 1.87 1.89 2.24 2.21
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

6
Tab.6 Selectivity parameters with standard errors  of codends with different mesh size and mesh constructure

Spe ies
Mesh 

onstru tion
Parameters

/mm Mesh size
X SD Linear relationship with 

mesh sizes30 35 40

Parapenaeopsis 
hardwickii

Diamond
L50 52.17 1.32 69.37 1.6 85.94 3.06 L50=3.39 Me 48.80
SR 30.16 3.11 35.30 3.63 40.25 4.14 SR=1.01 Me

Square
L50 64.62 1.16 79.27 2.10 93.38 3.45 L50=2.88 Me 21.37
SR 18.69 1.92 21.87 2.55 24.94 2.57 SR=0.63 Me

T90
L50 60.31 1.64 96.86 6.04 L50=3.66 Me 48. 98
SR 22.15 3.58 29.55 4.77 SR=0.74 Me

Palaemon 
gravieri

Diamond
L50 49.86 1.58 65.76 2.17 81.07 3.93 L50=3.13 Me 43.45
SR 16.40 2.48 19.20 2.90 21.89 3.31 SR=0.55 Me

Square
L50 55.78 1.52 70.32 2.72 84.32 4.58 L50=2.86 Me 29.54
SR 13.65 2.35 15.98 2.76 18.22 3.14 SR=0.45 Me

T90
L50 57.50 2.11 88.64 8.10 L50=3.11 Me 35.60
SR 19.15 4.42 25.55 5.90 SR=0.64 Me

Me mm L50 SR .
Note Me mesh size mm L50 sele tivity parameter SR sele tivity range.

L50

L50 7.60 P=0.027 SR
1.68

P=0.007 L50

12.33 P=0.003 SR
16.74 P=0.090

P=0.030
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3

3.1

L50 SR 12 21 22

23

L50
24 Hannah 25

Pandalus jordani

2

90 
15

26 27

30 mm
L50 40 mm L50

15%~20 15%~20

7 15 21

3.2
4

40 mm 2 L50

2

4 6 7

28

L50
4

25 mm

29

L50

L50 6
4

L50

L50=41.47+0.87 Me Me

25 mm L50

63 mm

SR
4

2
SR 29

3.3

22 30

35 mm

Portunus trituberculatus
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31 35 mm

30

32
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Size selectivity of codends with different mesh configuration for shrimps in 
Chinese beam trawl fishery

ZHANG Jian SUN Man- hang
College of Marine S ien e & Te hnology Shanghai O ean University Shanghai 200090 China The Key Laboratory of O eani  

Fisheries Resour es Exploitation Shanghai Edu ation Commission Shanghai 200090 China

Abstract In order to improve size sele tion for shrimps of multi- odends beam trawls fishing in offshore of the 
East China Sea experiments of several sea trials for size sele tivity of odends with different mesh onfiguration
in luding diamond mesh square mesh and turned through 90  mesh have been arried out and at h data were 
olle ted by omparative fishing method. In analysis of sele tivity the sele tivity urves Ri hards urves

whi h ould be simplified to Logisti  urves by hypothesis test theory  were onsidered geometri ally similar and 
maximum likelihood method was used as the method of estimation of model parameters. The result demonstrated 
that sele tivity models fit well to the pooled at h data of Parapenaeopsis hardwickii Palaemon gravieri but 
between-trials variation was found and Ri hards sele tivity urves of odends with different mesh onfiguration 
ould be simplified. The 50% retention lengths L50  of square mesh and T90 mesh odends for Parapenaeopsis 

hardwickii were larger than and the sele tivity ranges SR  were less than those of diamond mesh odends 
respe tively. As for Palaemon gravieri the L50 of square mesh and T90 mesh odends were larger than those 
diamond mesh odends. Differen e in sele tivity parameters between diamond and square mesh odends was 
signifi ant while differen e between diamond mesh and T90 odends was insignifi ant. Based on the es ape 
behavior of shrimp in odends the reason for the fa t that square mesh and T90 odends were more sele tive 
for shrimps than traditional diamond mesh odends might be the better mesh openness of square mesh and T90 
mesh. The suggestion is that the information of size sele tivity of different mesh onfiguration was also ru ial for 
resear h on spe ies sele tion of beam trawls. Journal of Fishery S ien es of China 2008 15 4 667 676
Key words size sele tivity multi- ondends beam trawl Parapenaeopsis hardwickii Palaemon gravieri
diamond mesh square mesh turned through 90  mesh T90
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Abstract The basi  information of reprodu tive biology is ne essary for the effe tive ontrol of starfish in 
mari ulture areas. In the present study spawning indu tion of 0.5 mol/L KCl at various dosages 0 mL 1.0 mL
3.0 mL 5.0 mL and 7.0 mL and the effe ts of water temperature and salinity on embryoni  and larval rearing 
were investigated in starfish Asterias amurensis. The optimum dosage group of 0.5 mol/L KCl on spawning 
indu tion was assessed to be 3.0 mL inje tion group with a maximum total per entage of spawning 80%  
and spawning quantity of per female 536.5 104 eggs as well as a high fertilization rate 92.7 2.9 %. The 
developmental rate of ea h stage in reased with in reasing of water temperature and the suitable range of water 
temperature for the embryoni  and larval development was 15 20 and the optimum temperature was 20 . 
The salinity range of 30 35 espe ially 35 was suitable for larval survival development and growth. Journal of 
Fishery S ien es of China 2008 15 4 677 682
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It is well known that starfish is the main enemy 
of e onomi  bivalve in aqua ulture. For the effe tive 
ontrol of starfish in mari ulture areas the basi  

information on its reprodu tive biology is ne essary
whi h also an be used to ulture starfish larvae to 
perform further experiments. In previous studies
it has been reported on the artifi ial fertilization
larval growth ingestion of ultraplankton and large-
s ale ulture in several starfishes 1-4 . 

Asterias amurensis subje ted to E hinodermata
Asteroidea is a familiar spe ies in the sea areas of 
Korea and China. Kim 5  observed the histologi al 
hange of its gonad and Yu et al. 6  investigated 

temperature effe ts on its early development. 
However the spawning indu tion and effe ts of 
environmental fa tors on embryoni  and larval rearing 
have not been studied in this spe ies perfe tly. 

As a part of a broad proje t to ompletely 

understand the propagation and development of 
A. amurensis and further develop a proto ol for 
ontrolling this harmful spe ies in aqua ulture in this 

study spawning indu tion of KCl and the effe ts of 
water temperature and salinity on its embryoni  and 
larval rearing were investigated. 

1 Materials and methods

1.1 Materials
The optimum reprodu tive season  for  A. 

amurensis was at 5-6 months in a year. During the 
reprodu tive season adult starfishes body length
15.7 16.3 m arm length 8.5 8.9 m body weight
96.1 99.9 g  were olle ted from Yeosu ity Korea 
and maintained in the ir ulating aquaria at 15
1  in laboratory for a few days before experiment. 
During the reprodu tive season the average water 
temperature is 17.3  in Yeosu oastal waters The 
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average salinity is 35 and salinities range from 18 to 
38 in Yeosu oastal waters due the effe ts of runoff 
from land rainfall and evaporation.
1.2 Spawning induction

Five dosages 0 mL 1.0 mL 3.0 mL 5.0 mL and 
7.0 mL  of 0.5 mol/L KCl were respe tively inje ted 
into oelome at the base of arm to indu e spawning. 
Ten starfish were employed in ea h group and 
tripli ates were ondu ted for ea h treatment. After 
the starfish spawning the per entage of spawning 
individuals and spawning quantity per female were 
ounted and meanwhile the eggs were fertilized 

with sperm obtained from the males of the same 
inje ted group. The fertilization rates were al ulated 
a ording to the appearan e of 2- ell stage. The 
fertilized eggs obtained from 3.0 mL inje ted group 
were reared in tank at a density of 1 egg/mL to 
perform the following experiment. 
1.3 Effects of water temperature and salinity on 
embryonic and larval rearing

To estimate the effe t of water temperature on 
embryoni  and larval development the fertilized 
eggs des ribed above were reared at salinity 35 and 
six temperature groups 5 10 15 20 
25  and 30  respe tively and temperature was 
ontrolled by automati  heating ontroller. Otherwise

in salinity groups five salinity grads whi h were 20
25 30 35 and 40 obtained by diluting filtered natural 
seawater with distilled water or adding sea salt were 
designed and rearing were maintained at 15 . Four 
thousand eggs per tank were used and tripli ates were 
ondu ted for every group. During the experiment

100 random samples were olle ted in ea h group 
termly to determine and ount the developmental 
stages 2- ell 8- ell morula blastula gastrula and 
bipinnaria  Fig. 1 the developmental rates mean 
time required to ea h developmental stage from 
zygotes for all individuals  and the survival rates 
under the mi ros ope. Filtered seawater was renewed 
by 2/3 every day and larvae were fed with Dunaliella 
tertioklecta D. primolecta and Phaeodactylum 
tricornutum daily at a density of 2 104 5 105 ells/ 
mL during larval rearing.

Fig. 1 Developmental stages of A. amurensis

1

2 Results

2.1 Effect of various dosages of 0.5 mol/L KCl on 
spawning induction

The effe t of various dosages of 0.5 mol/L KCl 
on spawning indu tion was assessed in terms of 
per entage of spawning starfish Tab. 1 spawning 
quantity per female and fertilization rates Tab. 2 . 
The maximum total per entage of spawning 80%  
and spawning quantity per female 536.5 104 eggs 
was found in 3.0 mL inje tion group a ompanied 
with a high fertilization rate 92.7 2.9 %. All 
the other groups spawned less eggs espe ially the 
7.0 mL group 138.6 104 eggs/spawning female
whi h also had a low fertilization rate 76.3 6.5 %.
2.2 Effect of water temperature on embryonic 
and larval rearing

The survival rates of embryos and larvae at 
different water temperatures were showed in Fig. 2. 
It indi ated that the embryos and larvae ould not 
develop normally at 5 25  and 30 . In 10 
15  and 20  groups developmental rates rea hing 
every stage be ame faster at 15  and 20  than at 
10  Tab. 3 and the survival rate of 10  group 
at ea h stage was also lower obviously than that of 
15  and 20  groups. Figure 3 also showed that the 
developmental rate of ea h stage was in reased with 
in reasing water temperature and the relationship 
between them at ea h stage of embryoni  development 
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Tab. 1 Percentage of spawning A. amurensis induced with various dosages of 0.5 mol/L KCl
1 0.5 mol/L KCl

KCl Dosage/mL 
KCl  

No. of spe imens No. of spawning Per entage of spawning %
Female Male 

0 30 0 0 0
1.0 30 15 6 70 

3.0 30 15 9 80
5.0 30 15 6 70
7.0 30 9 9 60

Tab. 2 Spawning quantity per female and fertilization rates of A. amurensis induced with various dosages of 0.5 mol/L KCl
   2 0.5 mol/L KCl  X SD

KCl Dosage /mL
KCl /mL

Spawning quantity /ten thousand Average fertilization rate %

0 0 0

1.0 192 260 213.6  51.7 94.5  2.3

3.0 429 621 536.5  78.9 92.7  2.9

5.0 233.9 385.4 276.8  63.3 91.3  2.7

7.0 125.8 154.7 138.6  14.8 76.3  6.5

Fig. 2 Survival rates of different developmental stages at various water temperatures in A. amurensis

2

was notable. Therefore the suitable range of water 
temperature for the embryoni  development was        

15 20 and the optimal temperature for survival
development and growth was 20 .
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Tab. 3 Time required from fertilized egg to each developmental stage at various water temperature in A. amurensis
3 X SD h

Developmental stage Water temperature  

5 10 15 20 25

2-Cell 2- 9.8  0.9 3.8  0.5 0.9  0.2 0.6  0.1 0.3  0.1

8-Cell 8- 17  1.2 7.7  0.6 2.3  0.3 1.4  0.3  

Morula 42  3.6 13.1  1.6 3.8  0.8 3.85  0.7

Blastula 58  7.7 24.5  2.1 13.1  1.1 13.3  1.2

Gastrula 114.9  11.5 42  5.6 24.8  2.6 22.7  2.3

Bipinnaria 72.1  6.6 53.8  3.8 51  4.1

Fig. 3 Relationship between water temperature Tw  and time t h  required to ea h developmental stage after fertilization

3 Tw t h

2.3 Effect of salinity on embryonic and larval 
rearing

The survival rates of embryos and larvae 
at different salinity were showed in Fig. 4. The 
bipinnaria only  survived at  salin ities 30 and 
35 groups and the differen e of developmental rates 
at ea h developmental stage Tab. 4  between 30 and 
35 was not distin t. Therefore the salinity range of 30 
~35 espe ially 35 was suitable for larval survival
development and growth.

Fig. 4  Survival rates of embryos and larvae at different 

salinity in A. amurensis

4
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3 Discussion

Although eggs obtained by disse tion of gonad 
an also be fertilized artifi ially spawned eggs by 

nature or indu tion are better for fertilization be ause 
fewer immature eggs are shed 3 . The inje tion of 
10-3 mol/L 1-methyl-adenine is often used to indu e 
the spawning of starfish and oo yte maturation 3 7 8 . 
However KCl whi h is used in spawning indu tion 
of sea ur hin 9 is more ommon and heaper and is 
testified that 0.5 mol/L KCl ould indu e spawning 
of A. amurensis in this study. The maximum total 
per entage of spawning 80%  and number of eggs 
per spawning female 536.5 104 eggs/spawning 
female  were found in 3.0 mL inje tion group with a 
high fertilization rate 92.7 2.9 % and numbers of 
eggs per spawning in 1.0 and 5.0 ml inje tion groups 
were approximate half of the former although the 
differen e in per entage of spawning female and 
fertilization rate between them was not signifi ant. 
In ontrast the spawning performan e of 7.0 ml 
inje tion group was worse obviously. So the inje tion 
of 3.0 ml is the optimum dosage of 0.5 mol/L KCl to 
indu e the spawning of A. amurensis.

Water temperature is thought as one of riti al 
environmental fa tors in the embryoni  and larval 
development of marine invertebrates. The results in 
this paper showed the influen e of water temperature 
on development of A. amurensis was obvious. At 30 
and 25 the fertilized eggs ould not perform the 
first and third leavage and the bipinnaria ould not 
survive at 5 . The suitable range of water tempera-
ture for the embryoni  and larval development was 

15 20 and the optimal temperature for survival
development and growth was 20 whi h is similar 
with the results of Yu et al. 6 .

The effe t of salinity on development and growth 
of starfish is seldom studied. Sarant hova 10  tested 
the adaptive responses to salinity hanges in sea 
starfish Asterias rubens L. at different ontogeneti  
stages and showed the narrow limits of toleran e for 
salinity at initial ontogeneti  stages of the starfish
su h as the stage of fertilized egg and the gastrula. 
However this hara teristi  of toleran e for salinity 
was not observed in this study. The survival range of 
salinity for bipinnaria was 30 35 but that of morula 
was 25 40 although the developmental rates in 25 
and 40 groups were obviously lower. Therefore the 
suitable range of salinity was 30 35 and 35 was the 
optimum salinity for larval survival development 
and growth of A. amurensis.
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