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Tab.1 Basic information of sea trial for size selectivity experiments
K /kn  HEIE /kn YR P 724 Number of hauls
Flow Haul FMHE FIEME %R E

velocity  velocity Diamond mesh Square mesh T90 mesh

LIIA7N PRl i [A] Pl R 3k K /m
Trip  Fishing period Fishing region Depth

2005.10.29-  32° 15' N-32°39' N
1 18-2 1.3-1. 2.2-2. -
20051105  121°38 E-122°30'E 0 28 13 ? > >

2006.3.17— 32° 02" N-32° 17" N
2 2006.03.22 122° 32" E-122° 55" E 26732 417 22727 > >

2006.09.01~ 32° 42" N-33° 02' N
2272 R 2.1-24 -
3 2006.09.07 122° 12" E-122° 31" E 6 0-8°1.0 > >

2006.12.23~ 32° 32" N-32°52' N
4 25-34 1.5-1. 2.1-24 - -
2006.12.28 122° 32" E-122° 56' E 573 5718 6

FEE 1.2 WL IR, R A0 T AR A T A VR M A A 112077 5, EMHEKE ) 52 . EFLE 120 kW,
021217 5, E M4 K 33.0 m, B TR 6.4 m, HEK [FIFEAS AT HE R AE iR g M E (] 1-B)
& 130 t, EALIHZE 205 kW, 18 A -FI AR LA HE % BT N 22.0m, W B B KB
MIRE N E (B 1-A), 1% W B &M A KR Jy15.4m, P EBERL 6 AN, X IR AE L B ] 7E
32.0m, P EFr H KN 15.5 m, W E R 8 4K 3.25~4.50 h Z [a], 3L 4 h.

s AH 5 34 LR T AN 8 AR T AR < IR e

N L MAT 2a

60| 2.7 PE36tex3X5 45 | 3200 |
6512 40 | 3200 |

60 | 2.2 36

60 [ 1.9 pE3grexaxa 32

.. T (a)
801 2.4 30

80 [ 2.3 28

PE 36tex 33X 4

(B)

1 B PR R AR AR ITE
(A) J%5 1.2 IRIREE Y . (B) Jh2R 3.4 iR M, N O B £, L hdr B K, MAT R Zatrt, 2a R HE R
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 stretched length;

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

R 3 2 A g M 4l ) e L 2 B 5 R RS A R
FF Ee g v b AT M H I 38 ROT ik ks, il {E
W B AR P Z2 A7 B, 22 AN R H ORST (1 24T
AR, 38 It EE A AN ] 9 22 () R 20 s R 40 i 1Y 3
X YEARFNE B RSTIEFEE, SR A M H 4228 20 mm
SEFAZNSITE L Pl YT -8

AR R T e e PE RIS ) AR 3R 1 B
ZEMEMERKEHT 30 mm. 35 mm A1 40 mm
W H RSTIE0 3, 72 RS0 5 1.2 A 3 Aok adt
T T IS AA MR BRE s 77 B M B 250k

F1 T 30 mm.35 mm 1 40 mm & H R~k 5 0 3,
RIS EE 1A 3 ML SRk AT T 10 A 200 iR )
K N EH MR K EA T 30 mm 1 40 mm
W H RS E0  3, 755 5 2 70 4 it Lk AT
T 1A RO RS AN H g5 0 R H K
IR KIS AN 2 BT s o 1 D 3 X A 389 R LA s
W 28 4 KL~ 42texPE3 X 5; 5 T HE 1B —#E, M
FESLAr A =2 LW B KA 25 mm ( HEk#1 kLA PE)
(R I AR “ARIZI07 ), B b ddk N o0 22 1) v A 4B SR
ZI W B 58, 7 0 3 1) RS 22 5% fn 5 9 A 875 1 A
F A

2RI R FEAX R K A

Tab.2 Specification of the experimental and test codends

W ZEfi B * ™ H A2 /mm W ZEARAE /mesh**
ENEEST | Codend position Inner diamater Codend dimension
Mesh N L N el
O EI2MK E3AMK YR SRl 7 “i
Construction ; ) . . Actual measure .
Ist and 2nd trips ~ 3rd and 4th trips Nominal size X+SD Width Length
< o) B
2 2 FIRRIE 202140.63 180 96
Control net
= 4 3 30 29.8540.85 120 64
Diamond
5 4 35 34.9440.75 102 54
7 5 40 39.84£0.88 90 48
< o) B
2 2 FIRRIE 20.07£0.51 90 190
R Control net
i 4 3 30 29424033 60 124
Square
5 4 35 35.101%0.40 50 106
7 5 40 40.09£0.68 45 94
< o) B
2 2 IR 20.224+0.24 140 115
i 1q) Control net
T90 4 3 30 29.974+0.57 82 64
6 5 40 39.69£0.44 70 58

O B R REA B, B0 “ 47 FoniZMB LR T MA BIEENRTT E AR 4 E; C07 77 E R R 89 54y B

Note: * Rigging position of the experimental codends, e.g. “4” means the codends was rigged in the 4" positon in the direction from bow to stern;

** Units of codend dimension are meshes for diamond and Turn 90° meshes, while bars for square mesh.

A S 0 % Tk e ) R SR T R A 1/8 IR
EC A TEAT HURE , F X BORE S SR BT 9> 25 40 o, Il &
UREAA K (IRBRER TR ), 4% 5 mm
e b 341
1.3 A&
130 EFMERESHEELE WERTIE
PRSI R IR AP S 1 S 12 ) JL AT A
CL B EREAT i i e v B FE e A 0k B
ANTR] P H RS P 3 (38 4 i 4 JL AT AR B, 45 R 5
AU FEIE 20 -

11,

exp(a+b )

i

1

i _
l+exp(a+b -

b 0=(a, b, 0, 1) BB B L R ) 4l
AR s m, TR § R E RS

00 B T A 28 L (50 % i 4 MR K A
SR (L 4E ) 42500

Ly, = Tl[ln(zo -D+al+i, 2)

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

670 HE KR

5%

SR =L

i 75i

-L

25i

=%[5 In3+In(4 —1)—In@’ 3"y
A8 R RO AL R Ak Tk A A 0 2 4, R i

RALKS HALER R HUA AT S 44,

L .
InL=>> (¢, In—")
=1 j=1 z(by
i=1
L - RSIQIEI (4)
= z z (cij -In ]#)
m ZRSI)'QUEI'

i=1
ot e, TR | BRI /1R K AL
I
P, PR i MRk (O P =1),

i=1

E, FRoR5 i WMERBI S 8, O, ®miH i ME
AR5 J R A R i R LAY s 1L T 20 ) 3o
ZE FSE 1P LN SRS g8

A MS EXCEL #A4 b iy i < IR SR B2 i fie
ST HUBh AR R B ) B KA. FE AR O ABLER ik
BEAT L2 S H A S5, R AT Fisher 5 B REFEAl 554
BTN 251 07 22, R A delta 77 kAl L # 1 2
%ﬁ Ls, 1 SR E@ﬁ% [17—15{O

PR 43 AT R B 5 5 T R U SR B R AT 1
FENE I BT B T3 35 RIDRE % A0 R AT 21 B0 8 2R BORE 2
P Z 00, PEAT R EETE M B TR R
4 AL A R O U B O E B2 Ak T (Replication
estimation of overdispersion, REP) 7773k 2% F& il vk
Im%j\% [19—20]’ E:,:'j

REP = (5)

&|(Q

Rift: 0 FORBUI i B A F TS d

A o G s AR kLK | LR

5 7 UK AL B Y SR HURE SR T R K

RIS d=(- D) e (K- DoJ', JFR K
I

GLRHIRY  c; > R R K AR R

X G 25 LR v SR A R IE RV o) 45 RIS B
Z5t, W QMR A HER d 2 oA, R
BRI S AU T M AR T S 4
Jo Bt 2 HU bR v 22 1Y e LIyREP -

132 WA RSEH T RRBENL HiLHE
PEAE AL IE i, B A A LA i 2 G vH B D R IR
A E R (I =DxJ —n s 7 54 "2, DLILH i
AR E L, B n RS A2

2x22(c,} ln )

i=1 j=1

ﬁﬁﬁ@zuﬁ%iﬂﬁ%ﬁﬁifxﬁ fil £ A% 20 FEAT ]
ATk

Hyq: 0=1, B EAN 9 FE k214 i 4L R 1L Logistic
2k ;

Hog: 1;=0,, RITEAE 1 i e 22 AE A ) BRI 2

AR AT a4k, TR AL AR & S AR A ok 22 2
2 N R MASE R B E 2 221 o o AT T I — T
SRR R AT LA AL 1

2 ERELH

2.1 EIREIE

B LR IR H R K 2 e, AR MR SR AR
b3 05 IS 45 X AR (Parapenaeopsis hardwickii) 1 %
K K BF (Palaemon gravieri) AF 2} 7 #j 0F 28 4F
BRI A B 2w AR DAL, HRUFEE [(CF B B iR
Exopalaemon carinicauda) , FHEE R (Solenocera
crassicornis 55 ) | B HURE AR AN B LLEATIE FEME9)

TR A, AR
o i Br. IR 5 4 0 B 2 A S S 7 3
C — — N SNt e —
Q:zziﬁi;li_ © PR ARSI KA 2 B
i=1 j=1 k=1 cl (1 ¢Ik)
£3 FEME &R EQIRERRFEEE ~
Tab.3 Average weights per haul of shrimps retained by codends with different mesh configuration X+SD
R EEERY M H Rt /mm Mesh size I
Species Mesh construction 30 35 40 Control codend
[EX SIS % J¥ Diamond 3.1+0.21 1.7940.29 1.05£0.43 4.7340.82
Parapenaeopsis 77 W Square 2.17%£0.39 091£0.12 0.33£0.16 485+1.10
hardwickii ¥ M) T9O 2934039 - 0.46+£0.19 5.20%0.66
R KB R % . Diamond 1.514+0.42 0.681+0.26 0.25+0.10 2.1440.67
Palaemor ﬁr vieri J7J¥ Square 1.054+0.25 0.3940.22 0.1240.09 1.9740.53
caemon graviert % [] T9O 1.2340.29 - 0.1940.14 2.5640.35
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1 N
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N N R

3
N N N
N N LR
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VAT NN
A DN
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~
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g0 BI35mm ::
@30mm ?
600 X‘Jl@MControlnet g ;
ey 4 - |
400 N R P
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oL Q N NN N
<30 35-40  45-50  55-60  65-70  >75
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B40mm
L E35mm
BEA30mm
E@X MM Control ne

S2

N N /B
NN K 7
NN N K
NN
_ NN NN
<30 35-40 45-50 55-60 65-70 >75
A £/mm Total length
EB40mm 2 B :{‘
7z
L BE30mm g E _
@XM Controlnet K [
| N7
2 N N 7
4N N N
KRR
R
N NN N
<30 35-40 45-50 55-60 65-70 >75

A& /mm Total length

2 IEIFH S50 R R A 5 A
D1: S M H FIZE NG [ U530 MR 3R s S1: 77 T2 H 2205 (GO R 3k T1: B P H 2205 [ Or R 3k D2: 3202 H M2 8 KBRS
s S2: TP H M2 & AR AR R, T2: B M H R S LK IFEER

Fig.2 Size frequency of shrimp catches subsampled from codends with different mesh construction

D1: Parapenaeopsis hardwickii sumsampled from diamond mesh codends; S1: Parapenaeopsis hardwickii from square mesh codends: T1:

Parapenaeopsis hardwickii from T90 mesh codends; D2: Palaemon gravier from diamond mesh codends; S2: Palaemon gravier from square mesh

codends; T2: Palaemon gravier from T90 mesh codends.
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2.2 HEERPEREL

TEHEAT 15 B A& 87, A EULAR R B (@)
AT HEAT 4k S, B 1 SR AR [R] A R L 6
AT AR BURE, B (@) b, O, AT DL Z8%; HIR,
TEAVENE I 72, M1 4 ) 22 B 25 0 A A AR UE T % 9
BRHHS e — (B E), LEHE M
FE 11 v 3R sk B B A AR N Al S Ty L B Y BT o
IS = AR A RN 83 B S e O
RNV R (08 P, IXAE 0T EUAAR B8 SOk 77 10 R

Sij

lnL:Z]:ZJ:(cij-ln —)

=1 =l zsg,ﬁqjﬁﬁ'ﬁmﬁﬁ’ﬂii%

i=1

PES=1.

X UG B A TIE | 5 B, A FH O P PR AR
T AN R 9 B &5 ) P ZE [ e sk B0 30, FF e B 1
FABRAT T4, RGBT 7 H,, (0=1) R
(P>0.05), (A FEA R & (P<0.000 1); 77 EMH
o B ) B B KR O v AR S B AR B 5 R B OR
= —E B EE (P=0.047) , {B 2 AN 5w A6 710 1

faifb 4t B (H,, faitk P=0.071) . A [F) 0 H 4544 3 22
(PR FEPERL A L& 2 R bt RAnER 4 132 5 FiR.

PR H G5 R ) 11 3 B AR B U & 7E AN R A
Mk 2 (R #AFAE Z 5 (P<0.000 1), K fL A 5
B RIEBE) S THE AR i 2= # 3 LUV REP, #
WAL R (B P 22 S b S AN AR T S 3 RO B 1 S 4L
FIbRHEZE
23 AEIMBEHANEMERESHILR

FRYEIE B L& S T A8 3, AN A Y H 45
T AR HORST (8 9 BEXTUF 28 ik B S 4L Ly
SR K H 5 M H RFEMEXRWE 6 Fis.

M 6 BT LRI, X F 05 A X EF, %W H R
SPHITT M H RSERY Ly, 3F R T AR W H RS 22
TE W H MR Ly, (P34 ZE 15.6%, P=0.021) , T
ERVE SR EBENTEREWEHMNE (FMHE
38.0%, Z5 B3, P=0.007); $ 10 W H MM Ly,
ELZEH M H K 14.2%, 1 SR /) 26.6% , B =
AT ZE P A8 0.092 F10.091) 5 75 1K M
H W T L% n W B W EAE RS HERAK.

F4 TENEFAMENRKATTNERNE SURERSHY

Tab.4 Goodness of model fit and simplification and estimates (with standard errors) of

model parameters for Parapenaeopsis hardwickii

# .M H Diamond mesh

77 M B Square mesh ¥ a1 H T90 mesh

. R et et et
em ndex H H H
Full model o Full model o Full model o
RS a -9.76+3.24 -735£040 -8.48%3.24 -10.11%0.64 -821%£4.04 -10.84%0.83
Model b 2.75%£0.83 2.17£0.22 3.041+0.96 3.51%0.36 2.4440.88 2.961+0.48
estimates 5 1.52%0.70 1 0.78+0.43 1 0.6410.53 1
n %
AESD 10 -46.88£11.02 -48.80+11.02 -21.81£9.00 -21.37%£8.92 -47.11£15.75 -48.98+16.40
L E:
&iﬁﬁ 29.48 30.90 22.57 23.11 15.56 16.80
Deviance
LI A B
2 2 2 2 1 1
Model fit  Degree of freedom 6 ’ 6 7 6 7
P 0.290 0.275 0.657 0.679 0.484 0.468
L E:
Riﬁi - 1417 - 0.540 - 1.233
FERI AL, Deviance
Model BEE - | - | - |
simplification Degree of freedom
I - 0.234 - 0.463 - 0.267
(0] 108.85 110.94 64.16 65.04 61.54 62.96
L
Bﬁmj\“ﬂﬁﬁl d 56 57 26 27 16 17
etween-trials
variation +VREP 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
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Tab.5 Goodness of model fit and simplification and estimates (with standard errors)
of model parameters for Palaemon gravieri
H - % %M H Diamond mesh F7 M H Square mesh ™ H T90 mesh
N R
= s = s o g ) =
Item Index Em@i H[)A Em@i Em@i HOA Em@i
Full model Full model Full model Full model
ST a -11.34%£3.81 -12.50£0.87 -8.80%£4.32 -13.73*x145 -560%£5.13 -10.68%£1.20
Model B 3.67x1.12 4.00£0.46 335+1.29 4.80%0.83 2.29+1.15 3.43%+0.79
estimates (f 0.861+0.46 1 0.4910.42 1 0.35+0.59 1
X£SD 10 -44.03£1032 -43.45+£9.99 -30.14%£12.36 —29.54+12.55 -31.91£17.94 -35.601+20.44
A % Deviance 20.17 20.43 39.14 42.40 12.68 15.77
LI A B
2 24 2 2 14 1
Model fit  Degree of freedom 3 6 7 >
P 0.632 0.672 0.047 0.030 0.552 0.398
itk PR 2 Deviance - 0.262 - 3.254 - 3.084
] Ly
T T {3 E R
Model - 1 - 1 - 1
L . Degree of freedom
simplification
I - 0.609 - 0.071 - 0.079
s (0] 150.01 150.12 80.58 85.53 70.16 73.29
ﬁfw\“ﬂ%% d 50 51 23 24 14 15
Between-trials
variation REP 1.73 1.72 1.87 1.89 2.24 221
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
* 6 AR BEEMREITFEMIEFE S

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

‘ W H £ . ® B R~ /mm Mesh size 5®ME RSFI&tEx
iR i BH o VR HEES R
Speci Mesh P . X+SD Linear relationship with
ci rameter
pecies construction arameters 30 35 40 mesh sizes
=T Ly, 52.17£1.32 69.37+1.6 85.9443.06 Ls;=3.39X M,—48.80
e Diamond SR 30.16+3.11 35.30%+3.63 40.25+4.14 SR=1.01 XM,
i ICOXSIE F Ly 64.62+1.16 79274210  93.38%3.45 Lyy=2.88X M, 2137
Parapenaeopsis
L Square SR 18.69£1.92 21.87%+2.55 24944257 SR=0.63 X M,
hardwickii
e h) Ly, 60.31+1.64 - 96.861+6.04 Ly=3.66 X M.-48. 98
T90 SR 22.15+3.58 - 29.55+4.77 SR=0.74X M,
= Ly, 49.861+1.58 65.76+2.17 81.071+3.93 Ly=3.13XM_43.45
s Diamond SR 16.40£2.48 19.20£2.90 21.894+3.31 SR=0.55X M,
g}fiﬁ HaT H Ly, 55.78+1.52 70.32£2.72 84.324+4.58 Ls=2.86 X M,-29.54
alaemon
gravieri Square SR 13.65£2.35 15.98+2.76 18.22+3.14 SR=0.45X M,
# Ly, 57.50+2.11 - 88.64%8.10 Ly=3.11 X M~35.60
T90 SR 19.15+4.42 - 25.55+5.90 SR=0.64X M,

F: M- B RS, mm; Ly~ MEEENSH; SR MBEEELE .

Note: M, mesh size, mm; Ly, selectivity parameter; SR selectivity range.

MNFBRKKEL, &MWE RS AERE KN
B Ly, W R TFAHN N H RFZE MW EH W T
Ly, PR ZE 7.60% , P=0.027) , i1 JuH SR &
ENFERMEME CFIHEE 1.68%, ZRE%E,
P=0.007) ; % ) [ H W ZEM Ly, B KT MW H

W2 (SEIAFH 2 12.33 %, P=0.003), 1fi SR 525
M HMEEKR 16.74% (ERAEZE, P=0.090), —
AT i 1 S R 2 e B MR AR TR R B s = U
PE (B BE P=0.030) BTS2
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3.1 AR, EREERE MEXIRREFREE

— RN, TT I H N AL S35 T M H 9Kk It
FEOR, AT E N 0 22 (1) R 0 5 55 45 B o R R H 1k
W, RILAEE BT sk 5 e W B MR AR
Ly, ORI/ SR (0 B A 6T 57, 8 1o
R H ok R U35 190 22 0T Ui R b SR 30k R 7k s B
TSR A 0 R SR AT K BRI AR AR R T
[ i PT S 2, 504, A E SR B, 77 TR E R 32
XF P SK) Ly, /b PV, Hannah 28 25 3 i K
TRAEHIN K BUEF (Pandalus jordani) {F /) E P
W AT AT WLEE, RILTE P B, MRS I RE R AT
hy S A S TE T TR AN R TE B2 ek I S W H
Ja LRI AR N H Al e, AR AR R R B) 3R
Pl S5 RO, dR A e 5, A H R RAT O, 1K i
AR 358 Sk B HE i 2 44 B2 e e ROST e R 1 1 5K
BEDR 25, T AR R 2 1 il A 42 ), TR 2K Sk g AR
J& & B RGR EIR AR T, TR, 75 7% W9 H 1 2 N
WEMH B G IR R R, X 550 45 125
EH.

MRS &5 Rk, 1 M H M AL 432 TN
HIMEEE Fakfedt. — ok UL M40 M A HI1E T
SAEAF 4571 0 P AR 1 A T A 9K O T R A e AR
P17, 1) 90° A F 5 M A AE 8 ) BE 25 5 5K O, A A
TSk i ki 1, R 4 Bt B AHIE S T X
— R (HEAETRE R, MR R/ 2 5 M g2
PR AN P M TR A,
MEEZIX KRN ZWMATEE R (MEAE—ER
BTG ) XA RER S B30 mm % W) W H /22
Ls, tE T H 3 /N T 40 mm 4% 17 )9 H M2 Ly,
Ee7 TR H B SR R AN BT 2% 2, E A
1) [ H N ZEI, A RUE S FEAE AR AR T 3 R
53ET M H WIE—2, 4% 1w W H R R ) H 2o
D 15%~20% 5 T A IR A0 15%~20% 5 [ A1 )0
FUEE T, 5D 1 5 A ) P A AT D A R
= AN ) e e S = U\ 1S
W FE S BEPE I ), 7 B — 2D IR0 R AIE 5.

3.2 SRS RMER

X L b B 4 Y B RT AT g B R B, AN S2 i o
40 mm H RST 22 M H M EE XS 2 RS Ly,
AR R PR — 22 S I JR DR AT g 2 2 e

PIAENE 2= AN |, BF 2R AMME AR B R AR 2 5. D
WEL Y R EE 6.7 B (IO AN E
ZERIRER ), X —ZF 5 1IE B S B A7 R A0 5 B K
0T (1 % 0 g e ) 5, IR SR R, T HLAR R L
L AR AR R TR BT O R 2 AN A B R H Bk TR
MIAT 0 S, AR H B AT ge N T AR E
T WA HRZEANE, R Ly, BN B — 5T, il B
s WR T ERM BRI EIER S T, ERAT
25 mm W H RSFRERM M E R, A ARS8 % A
I EEARNV I, B W ) 2 2 o5 P AL “ T A A N 5%
RFV g P BEAS T i A FE AR SR AS R 1k AT
H, AR IEFEIESHL Ly, BER B RS 1A 10 2240 %)
BAK: MRS 45 5ok G, AR E 22T M H W
L, SMARTHEERR (K6) 4, fLEY
BRTHWRFRSER. £ N, MmE% Y
{EHE M ER R4 RAAE— € W2, flanz2 %M H
W HE 8 G ECA X UREY Ly, 5 P H RS2k &
g Lsy=41.47+0.87X M, (M, F 7~ W H R ~F), i )
TK— M R BT, T4 2 W0 R e B 1 R AN e 22
25 mm B H RST 2 90E S BT TR L, A
63 mm, P A i V% A ke R 1 (B i 50l 2 5
BEFEE DT

AL 3R B H R 2E 1 IR PR SR
W ENTINEE S W i . RETHER
BT 2 R AN (R At vk B B, O B R P
FAFH) SR BN TR ELAR L R AR 2.
33 AENE. BEraMEEMRIEFERRAE
HEX

T A o R ] 2 ) 5 T R L Y
JUST 36 B 2 1R 22 1l 0 i 199 ve b vh 5 I B R
B P30 (8 2 h TR 22 R 3 b ke i, i1 T H
FRFREAREL /N, DR 00 0 I H 35/, vl i
TH] I %) 2 FL A b 25 % S R P 7 i) R, A el i A
W2 H 250 e B R ST5 T B DL s T v HL i
BEVERE 00 B bR, X R E O T, 75 ZAE AT f AT 4
B PP PR ST, DL AR I 10 Vi A M e ) v
Mk 1, MRS RIS 45 R, W H A 4% 35 mm ()77 K
H P FEXT TR AT DASEI 4 B /N7 BRI A
H ¥R s SR, U5 475k o - gl B s 1) A8 5l #i e
PR 8 L P 4 457 % G M DR Sk DAR 288 20 S T AR A R
IR 8% AR, AN FAE L 2T A R R B
LG, IANAE B W0 I AT E B B = PR 7 %
(Portunus trituberculatus) Z5RESEYR, MR X}
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Size selectivity of codends with different mesh configuration for shrimps in
Chinese beam trawl fishery

ZHANG Jian, SUN Man-chang

(College of Marine Science & Technology. Shanghai Ocean University. Shanghai 200090, China: The Key Laboratory of Oceanic
Fisheries Resources Exploitation, Shanghai Education Commission, Shanghai 200090, China)

Abstract: In order to improve size selection for shrimps of multi-codends beam trawls fishing in offshore of the
East China Sea, experiments of several sea trials for size selectivity of codends with different mesh configuration,
including diamond mesh, square mesh and turned through 90° mesh, have been carried out and catch data were
collected by comparative fishing method. In analysis of selectivity, the selectivity curves (Richards curves,
which could be simplified to Logistic curves by hypothesis test theory) were considered geometrically similar and
maximum likelihood method was used as the method of estimation of model parameters. The result demonstrated
that selectivity models fit well to the pooled catch data of Parapenaeopsis hardwickii, Palaemon gravieri but
between-trials variation was found, and Richards selectivity curves of codends with different mesh configuration
could be simplified. The 50% retention lengths (Ls,) of square mesh and T90 mesh codends for Parapenacopsis
hardwickii were larger than and the selectivity ranges (SR) were less than those of diamond mesh codends
respectively. As for Palaemon gravieri, the Ly, of square mesh and T90 mesh codends were larger than those
diamond mesh codends. Difference in selectivity parameters between diamond and square mesh codends was
significant while difference between diamond mesh and T90 codends was insignificant. Based on the escape
behavior of shrimp in codends, the reason for the fact that square mesh and T90 codends were more selective
for shrimps than traditional diamond mesh codends might be the better mesh openness of square mesh and T90
mesh. The suggestion is that the information of size selectivity of different mesh configuration was also crucial for
research on species selection of beam trawls. [Journal of Fishery Sciences of China, 2008, 15(4) : 667-676]

Key words: size selectivity; multi-condends beam trawl; Parapenaeopsis hardwickii; Palaemon gravieri;

diamond mesh; square mesh; turned through 90° mesh (T90)
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Optimum dosage of KCI for spawning induction and the effects of water
temperature and salinity on embryonic and larval development in Asterias
amurensis

KANG Kyoung-ho'?, ZHANG Zhi-feng', SHAO Ming-yu', LIM Sang-min’, KIM Jae-min’

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China; 2.Division of Marine Technology,
Chonnam National University, Yeosu 550-749, Korea )

Abstract: The basic information of reproductive biology is necessary for the effective control of starfish in
mariculture areas. In the present study, spawning induction of 0.5 mol/L KCl at various dosages (0 mL, 1.0 mL,
3.0mL,5.0 mL and 7.0 mL) , and the effects of water temperature and salinity on embryonic and larval rearing
were investigated in starfish Asterias amurensis. The optimum dosage group of 0.5 mol/L KCI on spawning
induction was assessed to be 3.0 mL injection group, with a maximum total percentage of spawning (80%)
and spawning quantity of per female 536.5X 10* eggs, as well as a high fertilization rate (92.7+2.9)%. The
developmental rate of each stage increased with increasing of water temperature, and the suitable range of water
temperature for the embryonic and larval development was 15-20 ‘C, and the optimum temperature was 20 C .
The salinity range of 30-35, especially 35, was suitable for larval survival, development and growth. [Journal of
Fishery Sciences of China,2008, 15 (4) : 677-682]

Key words: Asterias amurensis; spawning induction; embryonic and larval development; KCI; water
temperature; salinity
CLC number: Q178

Document code: A Article ID: 1005-8737-(2008) 04-0677-06

It is well known that starfish is the main enemy
of economic bivalve in aquaculture. For the effective
control of starfish in mariculture areas, the basic
information on its reproductive biology is necessary,
which also can be used to culture starfish larvae to
perform further experiments. In previous studies,
it has been reported on the artificial fertilization,
larval growth, ingestion of ultraplankton and large-
scale culture in several starfishes ™.

Asterias amurensis, subjected to Echinodermata,
Asteroidea, is a familiar species in the sea areas of
Korea and China. Kim ™ observed the histological
change of its gonad, and Yu et al. ol investigated
temperature effects on its early development.
However, the spawning induction and effects of
environmental factors on embryonic and larval rearing
have not been studied in this species perfectly.

As a part of a broad project to completely

Received date: 2007-08-28; Revised date: 2008-01-28.

understand the propagation and development of
A. amurensis, and further develop a protocol for
controlling this harmful species in aquaculture, in this
study, spawning induction of KCI and the effects of
water temperature and salinity on its embryonic and

larval rearing were investigated.
1 Materials and methods

1.1 Materials

The optimum reproductive season for 4.
amurensis was at 5-6 months in a year. During the
reproductive season; adult starfishes (body length:
15.7-16.3 cm, arm length: 8.5-8.9 cm, body weight:
96.1-99.9 g) were collected from Yeosu city, Korea
and maintained in the circulating aquaria at (15+
1) °C in laboratory for a few days before experiment.
During the reproductive season, the average water
temperature is 17.3 ‘C in Yeosu coastal waters; The

Biography: KANG Kyoung-ho (1960-) , male; Ph D. Research field: marine biology. E-mail: mobidic@chonnam.ac.kr
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average salinity is 35, and salinities range from 18 to
38 in Yeosu coastal waters due the effects 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 KCI were respectively injected
into coelome at the base of arm to induce spawning.
Ten starfish were employed in each group, and
triplicates were conducted for each treatment. After
the starfish spawning, the percentage of spawning
individuals and spawning quantity per female were
counted, and meanwhile the eggs were fertilized
with sperm obtained from the males of the same
injected group. The fertilization rates were calculated
according to the appearance of 2-cell stage. The
fertilized eggs obtained from 3.0 mL injected 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 effect of water temperature on
embryonic and larval development, the fertilized
eggs described above were reared at salinity 35 and
six temperature groups (5 C,10 °C,15 ‘C,20 C,
25 °C and 30 ‘C ) respectively, and temperature was
controlled by automatic heating controller. Otherwise,
in salinity groups, five salinity grads which 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 ‘C . Four
thousand eggs per tank were used and triplicates were
conducted for every group. During the experiment,
100 random samples were collected in each group
termly to determine and count the developmental
stages (2-cell, 8-cell, morula, blastula, gastrula and
bipinnaria) (Fig. 1), the developmental rates (mean
time required to each developmental stage from
zygotes for all individuals) and the survival rates
under the microscope. 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 X 10*-5X 10’ cells/

mL during larval rearing.

Archenteron ¥

A

Stomach =

Fertilized egg
2 0% 5

Early bipinnaria

AR I 4

Gastrula

L 3.7

Anus  Mouth
LN

e
Young starfish

Tt 2

Bipinnaria

P 4)) -

Brachiolaria

1 Wi 4 .
Fig. 1 Developmental stages of 4. amurensis

1 ZHEETENEE

2 Results

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

The effect of various dosages of 0.5 mol/L KCl
on spawning induction was assessed in terms of
percentage of spawning starfish (Tab. 1), spawning
quantity per female and fertilization rates (Tab. 2).
The maximum total percentage of spawning (80%)
and spawning quantity per female 536.5 X 10" eggs
was found in 3.0 mL injection group, accompanied
with a high fertilization rate (92.7%+2.9) %. All
the other groups spawned less eggs, especially the
7.0 mL group (138.6X 10" eggs/spawning female) ,
which 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 indicated that the embryos and larvae could not
develop normally at 5 °C,25 C and 30 °C . In 10 C,
15 C and 20 ‘C groups, developmental rates reaching
every stage became faster at 15 “C and 20 ‘C than at
10 °C (Tab. 3), and the survival rate of 10 C group
at each stage was also lower obviously than that of
15 °C and 20 ‘C groups. Figure 3 also showed that the
developmental rate of each stage was increased with
increasing water temperature, and the relationship

between them at each stage of embryonic development

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

a4l

KANG Kyoung-ho et al: Optimum dosage of KCI for spawning induction and the effects of water

temperature and salinity on embryonic and larval development in Asterias amurensis

679

was notable. Therefore the suitable range of water

temperature for the embryonic development was

Tab.1 Percentage of spawning A. amurensis induced with various dosages of 0.5 mol/L KCl

development and growth was 20 C .

15-20 °C, and the optimal temperature for survival,

R 1 FEFE 0.5 mol/L KCl FS EMEEFHREAERNNTEET I
KCI Dosage/mL No. of specimens No. of spawning HEBA 44 Percentage of spawning /%
KCI & MRS EL Female #ff Male HERANMER G 3 H

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 KCI

%2 FREFE 0.5 molL KCI S EMERENHIENTIE

X+SD

KCI Dosage /mL Spawning quantity /ten thousand Average fertilization rate/%
KCI 52 /mL HOE / ki BECE EEES
0 0 0
1.0 192-260 (213.6 £ 51.7) 945+ 23
3.0 429-621 (536.5 £ 78.9) 92.7+29
5.0 233.9-385.4 (276.8 + 63.3) 91.3 £ 2.7
7.0 125.8-154.7 (138.6 & 14.8) 763 £ 6.5

100

90

80

70

60

50

40

Survival rate/% £ & F

30

20

10

Fig.2 Survival rates of different developmental stages at various water temperatures in A. amurensis
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Tab.3 Time required from fertilized egg to each developmental stage at various water temperature in A. amurensis

R3 ARKERTESHEEESZENLTESHEMEHRE X+SD; h
Developmental stage Water temperature /C 7K
RER A 5 10 15 20 25
2-Cell 2- 2 J#5, 9.8 £0.9 38+ 0.5 09 %02 0.6 £ 0.1 03+ 0.1
8-Cell 8- 41 i 17+ 1.2 7.7 £ 0.6 23403 1.4+03 -
Morula 248 i 42 £ 3.6 13.1 £ 1.6 3.8 £ 0.8 3.85 0.7 -
Blastula FE# 58 + 7.7 245+ 2.1 13.1 £ 1.1 133 £ 1.2 -
Gastrula J& 7 /F 1149 + 11.5 42 £56 248 £ 26 227 +£23 -
Bipinnaria 4} 8 72.1 + 6.6 53.8+ 3.8 51 + 4.1 -
1.8
1.6+ m 2-cell ;
a 8-cell
L4 & Morula
< Blastula
L2y, Bipinnaria
1.0+
" oost
-]
0.6} 9
0.4
_0.8687
02} *
0 A ¢

1/¢=0.000 6T +0.008 7 R"=0.878 4
0 5 10 15 20
Water temperature /°C 7K /@

Fig.3 Relationship between water temperature ( T,,) and time (7, h) required to each developmental stage after fertilization

3 AR(T,) FISZAE BN R & & B EABTER T IA] (1, h) HI5R 5

b

2.3 Effect of salinity on embryonic and larval 100 o

rearing & 80 - T F
The survival rates of embryos and larvae s 60

at different salinity were showed in Fig. 4. The g 40

bipinnaria only survived at salinities 30 and § 20

35 groups, and the difference of developmental rates E 00 15 20 25530~ 35 40 45 s0

at each developmental stage (Tab. 4) between 30 and Rearing time /h 3% 35 0 [n]

e .« . ini Ik
35 was not distinct. Therefore the salinity range of 30 Salinity &% -0-20 825 =30 =35 ~4=40

35, especially 35, was suitable for larval survival, Fig. 4 Survival rates of embryos and larvae at different

salinity in 4. amurensis

4 BTG AR F BB T B

development and growth.
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Tab.4 Time required from fertilized egg to each developmental stage at different salinity in 4. amurensis

x4 TARETESHIEEZTHNEEE SN ERE X+SD: h
Developmental stage Salinity #h /&

KE BT 20 25 30 35 40
2-Cell 2- 40 /13 39+08 35+05 1.0£03 0.9 +02 281+ 1.2
8-Cell 8- 41 3 76+ 15 7.1 % 1.0 25407 24 %05 55+24
Morula 1 fIE - 132 + 2.1 40 £ 0.6 3.9+ 0.6 9.5+ 38
Blastula 2% - - 134 + 1.1 132+ 12 -
Gastrula J& 7 15 - - 259 + 32 249+ 27 -

Bipinnaria 3} i 4/ 41 - - 554 + 49 527 + 4.4 -

3 Discussion

Although eggs obtained by dissection of gonad
can also be fertilized artificially, spawned eggs by
nature or induction are better for fertilization because
fewer immature eggs are shed % The injection of
10” mol/L 1-methyl-adenine is often used to induce
the spawning of starfish and oocyte maturation ™7,
However, KCI, which is used in spawning induction
of sea urchin ', is more common and cheaper and is
testified that 0.5 mol/L KClI could induce spawning
of A. amurensis in this study. The maximum total
percentage of spawning (80%) and number of eggs
per spawning female (536.5X 10*eggs/spawning
female) were found in 3.0 mL injection group with a
high fertilization rate (92.742.9) %, and numbers of
eggs per spawning in 1.0 and 5.0 ml injection groups
were approximate half of the former, although the
difference in percentage of spawning female and
fertilization rate between them was not significant.
In contrast, the spawning performance of 7.0 ml
injection group was worse obviously. So the injection
of 3.0 ml is the optimum dosage of 0.5 mol/L KCI to
induce the spawning of A. amurensis.

Water temperature is thought as one of critical
environmental factors in the embryonic and larval
development of marine invertebrates. The results in
this paper showed the influence of water temperature
on development of 4. amurensis was obvious. At 30
and 25 'C, the fertilized eggs could not perform the
first and third cleavage, and the bipinnaria could not
survive at 5 ‘C . The suitable range of water tempera-
ture for the embryonic and larval development was

15-20 C, and the optimal temperature for survival,
development and growth was 20 ‘C, which is similar
with the results of Yu et al. '*’.

The effect of salinity on development and growth
10 tested

the adaptive responses to salinity changes in sea

of starfish is seldom studied. Sarantchova

starfish Asterias rubens L. at different ontogenetic
stages and showed the narrow limits of tolerance for
salinity at initial ontogenetic stages of the starfish,
such as the stage of fertilized egg and the gastrula.
However, this characteristic of tolerance 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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SHENRE KCl FIE WK /KBME EXTAEIR %) & 5 R0
kAL AR L AR 2R

B 55 266003 5 2. 285 B KR IR AR S, B E W7k 550-749)

WE: BENKERHE SR TR 7778 2858 Bl R B . X1 B BT A4 5 MW 55 0T o8 B A0 e B i B g
BRI R, Ao R FIS) B E LR R B W RN B E . AT 50 LA A b BV s 2
WL ZE (Asterias amurensis) M EL (5 KCL 1% SR ZEHERUE B A HE R B AR &L DL /KR AT b B2 5t B AR A1 4 Hy
REMEW. XHAARME (1.0mL.3.0mL.5.0 mL 1 7.0 mL) 0.5 mol/L KC1 ¥ At s B8 TR ps, S i % B A E
LA, 3 mL ST A M HBCA R ELBI R R (80%) » ME AN RHEIR B IR K (536.5% 10" 4 /ind) , [ i FA 5 S 3K 15 10
W/ UPHEIT AN TR B R E TRE 2B E (92.742.9)%. KBRS SR TERRM S LR EEEEE

HIm. 63BN 35 5,20 C i 2 B 221 Bigh N FAiE B 0w (90.1£2.1)%, 15 CHIRZ (84.4%52)%. iR
FE R 15 I, 2R A 35 If4h B 3% 60 h B RS R B E (87.614.1)%, (4 30 Ik (85.444.0)%. LPUEHRER

FAERERIZh R BB IR (1/e, h) FEARFF = ANR, £ — S E R E A S M AR, KRN £ 2- fH:
1/t=0.110 87,-0.599 7 (’=0.946 5): %= 8- 4 f1: 1/1=0.045 4T,~0.233 4 (’=0.947 7): & F & IF: 1/1=0.017 97,,-0.067 9
(r=0.868 7); BFNE: 1//=0.004 2T, ("=0.89): ZPIBAIH: 1/=0.000 67,~0.008 7 ("=0.878 4), &Ny 35 I, FEAGFI %)
A EEERR, REEPMAMAT 554 ho HHBERREIKIEM AT, RIS RIOAFIE R AL %, 752 15~20 C
REMERERB NG EERE, BIGEE N 20 C; BHEIEE N 30~35, iGHEH 35, [ FIEKPR,2008,154)
677-682]

FER: DT HIINA S RIS IR AU H - KCL Kl 2
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