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Simulated ghost fishing experiment on size selectivity of red queen crab traps
TosaHirRoO WATANABE*

Fishing Technology Division, National Research Institute of Fisheries Engineering, Fisheries Research Agency,
Hasaki, Ibaraki 314-0421, Japan

To investigate size selectivity of lost traps for the red queen crab Chionoecetes japonicus, a comparative fishing
experiment was conducted west of the Oki islands in the Sea of Japan, in which commercially-used traps having a
mesh size of 150 mm, traps having circular escape vents with a 90,100 and 110 mm inner diameter, and traps hav-
ing a small mesh size (34 mm) were utilized. A soaking time of approximately six months was used to evaluate the
size selectivity when traps were lost. The size selectivity curves of these traps were estimated by the SELECT
model using the likelihood of a multinomial distribution from the proportions taken in the experimental traps catch
to the total catch of each carapace width class. The 50 percent retention carapace width of commercially-used
traps and the selection range (difference from 75% to 25% retention carapace width) were estimated to be 100.8
mm and 3.4 mm, respectively. The majority of the crabs of carapace width smaller than 99 mm escaped from the
commercially-used traps. Ghost fishing does not occur for females because most of the females are smaller than 90
mm carapace width. However, the male crabs of carapace width larger than 103 mm would be retained in the com-
mercially-used traps, then isolated from the population.
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Fig. 1 Specification for the vented trap used in experi-
ment.

\Iron rod frame

Fig. 2 Measuring method of the trap mesh size. W:
Width of mesh, H: Height of mesh.

Table 1 Mesh size and inner diameter of circular escape

vents
Mesh size of o .
. Nominal inner diameter of
comtrrr;legmal circular escape vents
Width Height 90mm 100mm 110 mm
Number of
measured 96 96 30 30 30
Mean (mm) 91.8 107.8 89.4 103.0 113.2
Standard
deviation 3.9 4.9 0.6 0.7 0.7
(mm)

89.4 mm, 103.0 mm, 113.2mm C# -7z (Table 1),
F/e, BOWEBONMOIEILFEY 91.8 mm, HEHED
£ &35 107.8 mm T - 7= (Table 1),
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Table 2 Models for estimating the selectivity master
curve of trap with circular escape vents

No.of Parametef% Number of
model Selectivity master curve  Split ratio parameters
1 a b, — — Const. 2
2 a, b 1, d, Const, 4
3 a b, — — pii=1,2) 4
4 a, b, I, d, pi(i=1,2) 6

WELWEIERBETNENE D PERE T L7720,
Table 212 R L 74 DD EFIVERKL /2, 2T h
B3 mmEOSER Y L EHEET L5 A=y
Lo bTehe T2l Dotitp=1TH%, ZOFHE
Tk, HEREOOLES SEEREY v, $hbh
FEFR PR 100 mm & 110 mm OB H 0 O RO P
103 mm & 113 mm T % (Table 1), Table 2 1= 515
DAEING A—2id, B OFEO BRI O HEE ik &
FRRIC PN OHETRD I T IVOBEEICOWT
X, IRE (D SBECLE R E) 2RO AR
AR I o TRE L 72,20 5L 0 BIR AIC % 1
LT, W/ haxAlICEm 27 Vb a&EAL

7’:0 24,26,27)

] e

RIZEAEAR MELALR=ATAHZ 26
HEPIIC B0 DI O ARDIINEFRD SN e o 7o
BEPAE DO T L /e XS XU A i 2 THETH
oo ENENOREOEFHEERER, M4mmfT
310, MEH#RTIE, 90mm B AE T51E, 100
mm it AFET 49 BB, 110 mm i NFET 24 BCh -
72o Table 3 12z e nOBEIZR D2 b mm kRO H
TR R 2R Lo, i, a7k - 7o r5%
BWEHOMTAFENAITR, MEM ko 72 34mm
BERT 5 ECARTHES 1156 B, M 1 RS /e,

PN LB OFEORIREMAR T lE I E 5 A
(Table 3) 5 5 FEOFEICKT T BN KT A H D5y
EIR p, B, TNENFERALAHBOILR (x,) KEL
WERBLETIVE, Bird EREL/CETIVIC D
TR D 7= % E D Logistic R,0/35 A — & & 3 B fE
H g, & Table 4 IR L7z, ZEIEp, DENT A
L7 O BRICE L S RE L /2T TV TR P
13 0.244, GEIRPRILD LHE LT T IV TEMERP
13 0.897 TH T, BIEL B, WETNVELHEGD
REFTED SN -7z, LirL, DEIEp, PR 5
R LICET OIS B, BEEMEL 2 AICD
EBNS o7z, Tz, HEMEEREEKg, BETHA
E U IR AR R Y A BB R I Lo, A EIER

Table 3 Size-frequency distribution of caparace width of
male red queen crab by trap type and number of used
traps

Traps without vent

Traps with vent*?

Carapace width Mesh size

class (mm) Diameter of circular vent

34 mm*! 150 mm** 90 mm** 100 mm** 110 mm™*!

|

70-74 0 0 0 0 0
7579 2 0 0 0 0
80~84 19 0 0 0 0
85-89 66 0 0 0 0
90-94 103 0 0 0 0
95-99 56 10 4 0 0
100-104 23 17 9 6 0
105-109 18 21 14 16 0
110-114 11 19 13 12 4
115-119 5 2 3 9 7
120-124 4 4 3 3 5
125-129 1 2 2 3 4
130-134 2 0 2 0 2
135-139 0 2 1 0 1
140-144 0 0 0 0 1
145-149 0 0 0 0 0
Total cateh 319 87 51 49 24
Number of 5 10 4 4 4

used traps

*1 Conical traps with stretch-mesh size of 34 mm.

*2 Conical traps with stretch-mesh size of 150 mm currently used in
commercial fisheries.

*3 Conical traps with stretc-hmesh size of 150 mm and circular es-
cape vents.

*¢ Nominal diameter of circular escape vents.

b PR BTE B FATTE L AT T VA Y X RS ho
(Table 4)y ZDEFIVICDONT, PIRIDR R A
HMSHEED LD L ENPOETHESN S
B OEE% Fig. 3I0R L7z, HERELHEOFEO®
IRPEAR A Fig. 4 108 U 7o BRMERRRIE 90 mm [ H
DO NEPICRER L DRI L L OOKEER
Telpodo, LrL, 100 mm BHOE & 110 mm B0
TECH, IR SV ANE 72D (Table 4), #RE
AR OB BB D BEL <Aoo, F7z, 50% 3
WHIED, AEHEOONERIRKREWIEEREL k-
7oo FHEERER ¢, SFMBHODOHNEIKEL LS
KHVWE S o /c (Table 4),

MO ORIRtehig~ Xy —H—7 Table 5
4 DDEFINDEINT A—2DOHeEE L AIC I X Uik
BB Y em Uic, MRE» B, 4 50T F e b8
EORBEIRD DN Ip Tz, RZAT A =04 EER
D B L 70T T VDR, BBRER NI o, &
Ry AHEL2DEF LV ERKT A &, ®HER
BEPIT L & dy BBA LT T IVOFTHNE L T -7z,
LdL, T4 T A—amBEmLicsy, &, &
dy AL TR WETIV S L0, AIC Ofild k& <
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Table 4 Values of parameter in the selection curve for traps of each escape vents and mesh size
w ixed =1, 3 X » estimated
Trap type ? % P
¥ by D™ s (mm)*® SR (mm)*7 @yt by 2™ g™ Ise(mm)*® SR (mm)*7
34 mm*! —*9 X3 0,185 *9 —*0.176
150 mm*? 43.43 —0.418 0.370 104.0 5.3 64.34 —-0.638 0.238 0.643 100.8 3.4
90 mm™*3 58.37 -0.572 0.148 102.1 3.8 60.39 ~0.5692 0.155 1.046 102.0 3.7
100 mm*? 186.56 —1.813 0.148 102.9 1.2 183.54 —1.783 0.175 1.181 103.0 1.2
110 mm*? 181.56 —-1.611 0.148 112.7 1.4 177.60 —1.567 0.257  1.735 113.3 14
MML —430.6 —423.1
AIC 877.2 870.2
Ho: Model fit
Model deviance 54,399 32.609
d.f. 48 44
P value 0.244 0.897
Ho: p,, is fixed
Model deviance 21.790
d.f. 4
P value 0.0002

*L¥2¥3 discribed in Table 3.
*4 The parameters of logistic equation: #(I) =1/[1+exp (¢+bl) ], where # (I) is the retention probability, and [ is the carapace width.
*5 p.. is encounter probability and assuming as p,=q,¥,, (g, relative gear catchability; x,, relative catch effort).

*6 Carapace width of 509% retention probability.
*7 Selection range defined as /s (carapace width of 759 retention)—lys (carapace width of 25% retention).
*8 Relative gear catchability.

*9 The retention probability is assumed to be 1.

Proportion of catch retained in each trap

to the total catch

—_
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M Commercially-used trap

0000,
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70 90 110 130 150
1r D
A  90mm escape vent
08 F O 100mm escape vent

[T 110mm escape vent
08 f

Carapace width (mm)

Fig. 3 Plots of the proportion taken in the small mesh

trap, the commercially-used trap, and vented traps to
the total catch for each class of carapace width and fit-

ted curves for these five kind of traps. - , small
mesh trap; s commercially-used trap; ——, 90 mm
escape vent; —, 100 mm escape vent; ——-, 110 mm

escape vent.
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~==150mm Mesh size
————— 90mm Escape
—— 100mm Escape
= = 110mm Escape

Retention probability
o
[4;]

.

-
.,

80 90 100 110 120 130
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0

Fig. 4 Selectivity curve of vented traps, the commercial
trap (150 mm mesh size) and small mesh trap (34 mm
mesh size).
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Fig. 5 Selectivity master curve of circular escape vent in
trap for male red queen crab.
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Table 5 Values of parameter of circular escape vents, AIC and model deviance

*2 *2

Model  a*! bt L d+

1 2
34mm* 100 mm*3

s Al Model e

Most likely
deviance

P value model

1 658.6 —661.1 0.384 0.308
2 2676 -269.4 236 233 0.384 0.308
3 1783 ~178.0 0.281 0.297
4 189.8 —188.1 326 334 0.280 0.294

0.308 241.16 21.63 26 0.709
0.308 245.16 21.63 24 0.601
0.422 240.76 14.87 24 0.925 O
0.426 244.73 14.81 22 0.870

*1 The parameters of logistic equation: #() =1/[1+exp {a+b(—1)/(d—d,)}],

the inner diameter of circular escape vent.
*2 p; denotes split parameters.
*3 Nominal diameter of circular escape vent.

olo, Tinbhb, XROXTA N ZOGERE TN TN
WL BEOLR Y GELY, FigLNROL (/d)
EERELCIAR = =T ROI-ETIVIDOBEE
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RLTo, BIREKNLB0% &7 5 I/d O 1.00, SR
o001 Th o7z, IS a5 k2 M
H O O FHRE TR D T - 7o

% 5=

BB AT—A T 4 v VT2 5
—>DOHFE & LT, SmolowizDidEEDWEY 4 X DEIR
Mo BT B, BT, N2 XA H = FEEI
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RO, W

4 PR OFEOEIRM IR 23R O 5 Bl 70T 7 )b D
TES NP L B D FE O WY 4 GRIRVE IR IC
NI, FEEOME I X5 50% 2R F IR 100.8
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DT LD, BAC L OBRERETXZHIE 90 mm L)
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where 7(I) is the retention probability, / is the carapace width and d is
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mm [LH T #EC 15 B8, 110 mm JBiH A EEC 20 B & i
OB KEL A LIz TEL 72 (Table 3), L
L, L8bh 70 OWERALY, Bl O & - TNUYE
EHPEH LT Wedll, BHOAKE S hBIFE /NS
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BEBEENEL Roln b2 D,
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