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Fisheries Management of a Small Shrimp Trawl in the Seto Inland Sea

~— Discarded Fishes and Mesh Size Regulation ——

Tadashi Tokar*

Small trawl fisheries exploit many small shrimps and depend greatly on them in the Seto Inland Sea.
Southern rough shrimp Trachypenaeus curvirostris is the most important target species of small shrimps
besides kuruma prawn Penaeuse japonicus. At the same time, the main species of fishes concerned are
two juvenile flounders Pleuronichthys cornutus and Limanda yokohamae. The shrimp beam trawl net
has small-mesh codends, about 16.5-25.1 mm in stretched measure in the Seto Inland Sea, since its
main target species are shrimps. Consequently, two juvenile flounders are caught in the shrimp beam
trawl fishery and most of them are usually discarded at sea, because they are considerably smaller than
commercial size, about 100 mm in body length. Discards of juvenile flounders occur more abundantly
from spring to summer when they are widely distributed in the trawl fishing ground. The annual
amounts of the two juvenile flounders discarded at sea were estimated at approximately 200,000 in num-
ber (1.12 ton in weight) and 42,000 in number (0.17 ton in weight) per a boat in the Suo-Nada, respec-
tively. The number of the small trawl fishing boats in the Suo-Nada is approximately 550 boats.
There is concern that the catching and discarding of these juveniles may possibly have an adverse effect
on flounders stocks. Since the fishing grounds and seasons of the small trawl fishery overlap the dis-
tributions of juvenile flounders, it is difficult to establish closed seasons and areas. Accordingly, the
mesh size regulation was examined and this paper presents an appropriate mesh size for the present
shrimp fishery.

The mesh selectivity of trawlnets has been usually determined by the trouser trawl, the covered-net
or the comparative fishing method. However, the methods can not give the mesh selectivity for a spec-
ified mesh size without any fishing experiment with that mesh size. This paper also presents new
methods of determining the mesh selectivity curve for an arbitrary mesh size of codend from a fishing
experiment with several mesh sizes. A covered-net fishing experiment was carried out of a shrimp
beam trawl with codends of six mesh-sizes in the Suo-Nada, on July 7-9, 1984. The mesh selectivity
curves of the shrimp beam trawl were determined for two shrimps, southern rough shrimp and mantis
shrimp Oratosquilla oratoria. The master curves were obtained from this method and can give the
mesh selectivity curves of a specified mesh size for the two shrimps. In the same fishing experiment,
the mesh selectivity curves for the two flounders were also determined.

In estimating appropriate mesh sizes in a fishery, the objective for fishery management was proposed,
that the amount of a few target species discarded is made as small as possible without a remarkable de-
crease in the landing of the target species. The culling selectivity was defined as the ratio of landing
number to catch number(=landing no. + discard no.) at each length class. And the total selectivity
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was defined as multiplying mesh selectivity and culling one together. Moreover, this objective can be
attained by adopting a mesh size whose mesh selectivity curve is the most similar to the patterns of to-
tal selectivities for the target species. The culling selectivity and the total selectivity for southern
rough shrimp were estimated as a function of body length. For example, the total selectivity for south-
ern rough shrimp begins to increase from the length class of 40-45 mm and steeply increases with
length, and then reaches 1 at the length class of 80-85 mm. Thus the mesh used at present(25.1 mm)
is too small for southern rough shrimp. Since southern rough shrimp is the smallest target species, the
appropriate mesh size was determined at 32.5 mm mesh size as an appropriate mesh size.

The amount of the target species discarded at sea were predicted, using the fishery model. The
adoption of 32.5 mm mesh size will make southern rough shrimp discards almost nothing, while the
amount of landing shows an increase of 16% without an immediate decline, as compared with the one of
the present fishery. It was often stated that it is difficult to convince fisherman of the need for restric-
tive measures, because an excessive increase in mesh size brings an immediate loss before long-term
benefits. The mesh size regulation for the objective of reducing the amount of discards at sea in-
creases the total landing without an immediate loss. This mesh size regulation is probably acceptable
for the small trawl] fishermen.
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Fig. 1-1. Yearly changes of landings in main fisheries such as small trawl, boat seine, purse seine, gillnet, line and
shellfish collecting in the Seto Inland Sea.
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Fig. 1-2. Yearly changes of landing productions in main fisheries such as small trawl, boat seine, purse seine,
gillnet, line fisheries and others in the Seto Inland Sea.
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Fig. 1-3. Yearly changes of landings by the several fishing methods of the small trawlnet fisheries in the Seto
Inland Sea.
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Fig. 1-4. Yearly changes of landings of flounders, other fishes, small shirimp, mantis shrimp, shellfish and others
in small trawl fishery of type-2 fishing method, called “Teguri 2-syu”, in the Seto Inland Sea.
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Fig. 2-1. Body length between marketable catch((O) and discards(@) of fiounder Limanda yokohamae. Fish are
caught in the Suo-Nada area by the small trawlnet belonging to the Tokonami fisheries cooperative
assocoation, Yamaguchi Prefecture.




HE P TONUE D SRk OEIRE R

R L7z, vaH VA OBREREIS BRULSTHICHALIRILY, ZO0RREHFIZ 35~50
mm TH o7, D%, BRI TRRIEMENT 545, 19834 & 19844 124K 100 mm 83
TERITAONL GV, 19854 1 ~ 3 Ai2id, (2I3EE 100mm 28§ 5 KkiBE L SFEA O EHS
WL, FASEEYN 100mm THHSHTWE (Fig 2-1), = OFZEMAONIERET AL
TR % AR & 3 2 /MR O SIS, ROBEMZIEM L TE55THRT
THs (Fig.2-2)o THHEDI S, vaF LA DRE (EARM 1986) &L (EAf
1987a) * /BT HE, vAHLAPEBEENIILOLDRBERDHSAB®RTHY, Fr#ikgE
ENTABFENLEIIIRLDRMIETHAIELEZRL TV A,

{mm) (mm)
150} "7 1s0f ' s
T Tokonami oy, Nagasu
- 1+ T
O] 1e
D OO e e 4 100k [T e ; ,,fi,,,:,,!: ............... i
H :"" ' ~ l:."" ;-N\‘ *
> S S 5 1 % 4 ‘i i
. ' . ' "-'-: -.‘ W :’J .: .:' ! A
O s St : ! 4 sob “ IR i
O 13, ° 1
a0} 4 ¥
0l ; - : : " ol . : . :
MY J A J Mg J A J

MONTH MONTH
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Fig. 2-3. Body length of discarded flounder Pleuronichthys cornutus caught in the Suo-Nada area by the small
trawlnet belonging to the Tokonami fisheries cooperative association, Yamaguchi prefecture.
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Table 2-1. Number and weight per day pf young flounders (Pleuronichthys cornutus and Limanda yokoha-
mae) discarded by a small trawlnet in the Suo-Nada area.

species month

vear, number and weight Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
P. cornutus Tokonami

1983 Number (/day) — — — 2625 2300 2267 973 456 270 139 106 24
Weight (kg/day) — — — 6.4 158 200 123 58 31 20 24 0.3
1984 Number (/day) 13 245 6013 — — — — — — — — —

Weight (kg/day) 0.1 0.5 11.4 — — — — — — _ — —
L. yokohamae Tokonami

1983 Number (/day) — — — 0 80 52 239 33 9 2 5 3
Weight (g/day) — — — 0 139 153 108 183 42 14 24 14
1984 Number (/day) 13 21 0 0 36 1228 69 92 80 296 37 0
Weight (g/day) 202 396 0 0 49 4163 640 942 725 1501 251 0
1985 Number (/day) 28 11 19 0 8 47 4 336 48 0 0 0
Weight (g/day) 568 228 297 0 18 324 34 1828 394 0 0 0
Nagasu
1985 Number (/day) — — — 0 1569 1032 220 129 44 8 2 13

Weight (g/day) — — — 0 3140 4152 1761 1304 361 79 63 255
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Fig. 2-5. Seasonal changes in number per 100 m* of juvenile and young flounder L. yokohamae in the Aio Bay and
its adjacent waters, Yamaguchi Prefecture.
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Fig. 2-6. Seasonal changes in catch number per a haul of juvenile and young flounder L. yokohamae in the waters
off Hikari city, Yamaguchi Prefecture.
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Fig. 2-7. Seasonal changes in catch number per km? of juvenile and young flounder L. yokohamae in the Suo-Nada
area.
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Fig. 2-8. Seasonal changes in catch number per km? of juvenile and young flounder P. cornutus whose body
length is shorter than 110 mm, in the Suo-Nada area from February to July.
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Fig.2-10. Monthly changes of body length ditributions of juvenile and young flounder P. cormutus in the
Suo-Nada area and in the Aio Bay. Solid line and dotted line show flounder in the Suo-Nada area and
in the Aio Bay, respectively. N is catch number in the Suo-Nada area, and n is in the Aio Bay.
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Fig. 2-11. Schematic monthly changes of vertical distribution of juvenile and young flounder P. cornutus and L.
yokohamae in the Suo-Nada area.
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Fig. 3-1. Relation between cross section of fish body and mesh of codend. The cross section of fish body is an
elliptical form with major axis 2« and eccentricity ¢; the mesh of codend is a rigid diamond shape with
bar L and wider angle 26.
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Fig. 3-2. The retention probability presented as a function of /L. The probability were caliculated for § ==/3
and € =0.7.
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a/L=a (I—lo)/{(m—mo)

%135,

Fig. 3-2 IZR &N &5 %, MBI L28K0REHER, ERXIVRDOIHIHFEEPAON
Boe Thbt, R=(U—k)/m—m) £BLL, a 3EHLOT, ARIOANFHEM DI v
KLy FOBEXBEBVRITL O ELTHOZAONLMEED, |t mOHLEOHBENTR &
O ODHHEE, F ¢, R] THEMTES, 22Tl & mo XFH, ¢ 2025 27 OHEATH
Bo TOLE, KEIOENES m OMIES AR P 3k (3.3) TEREWAD,

P®R=[TF (g, R Q@) dp. (3.3)

ZIT, Q(¢p) ix ¢ BEHKLLT,

70 ) ap=1,
PRTHEBEEMRTH L, VI, o 5025 n/2 0OB0EX2 T ¥ LIZHEZ 61, X
(3.3) 75, WEIZLAIRFHERIR OB TEENL, Lo T, Bk L7-# B #IRMEMm

BOEENPS, RRIOBIINTLEE6 m OMBBRIMEMEL s , m) LT2L, 1LmD
HLHEEAATT v FT v FOBEERESMBZs (, m) & R OBBELTRADL ) LREI N5,

s, m)=P (R). (3.4)
® (3.4) 11, BAMICIREOBEEIREMEERT Kitahara (1971) OXEF L TH B,
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(3.4) bbb L mDEBMATHLBEIRFLTRTHRR | EHBOBEG m OBBRIERMETS
A EREKRT A, EBIZ, BETLHIHIE, WMEOES m T 50%EROKRDOTT &
FMIEMERERE TS L) THD (Beverton and Holt 1957, Myhre 1969, A 1975a, Kiu et
al. 1985),

EB2E R E H &

1. HN—-Fy VARRERRP SORERZE

BARM 5B L ET ORI REOHAFITHE~NL I L LT, bR L-BEme b LiZl
T, ¥#B0F -7 - LK EAMOME BIREMB 2 RET 2 HELTERT 5, £, KUEHE
DHIN—F v PRBEASBONIARIEERE, OB BN R T RET 5, WEIHA m
DT Py FERGTH NN —F v MREBF T o7& LED. 0k SREBHENS, S
BOHN—F o Ty Py FIZELBEHOREMEISHONE, AEBHR I TL0MHEE
WL, a9 Py FOBMBRBEY Ty N2 FEh-3%y P OHBERKOEGE TH - 72MHIC
fotEZsND (X 3D TOLIIELLZVWLODDOHEIIDWTEHE S N/ZEIRER
RIZMLTTay b5, W, LR 3.4 PHETELELE, #6070y MdHD |
Eom OEFERNTESIZ DD LT I ROW O LBEMBICLL1ETTH L, HIZ, REBEHE%E
HRILIOL ) LHEMBLYBLIENTELELL), Z0OLEHL [ &L m ODEHAT,
FOHERBASEEZOBSOBAERMMB LRI ENTEL, BB & my OfEIRE
TLHEIZLE - TkDOLENS,
2. HBRBREXERDPSOREHE

Kz, HEBERERBRI OB ONEEER AV TREBREHR T RET 2 HEEZESRT,
nHORLEHEE, m<m<ms: + - <m, 1=3), THCTHEEBR;IThhELEI I,

G om DRI L HHRERK I 0BOBNEHIEL ) 0f#ES (CPUE), C (L m), #XR0T
Hzohb,

C (1, m)=sU, m) gN (s (3.5)

CIT g idl00%RIREDE AOBBEREELEL, N () IHEERE I OBREHEREZZELT.
X (3.5 26, s om) &s (U, om) OEBIEROLIIREINS,

s m)y=C U, m)s (U, m)/C (U m),
=2, 3, -, n (3.6)

ZoF 3.6) L LT, HEMBELUTIORTEIELABIIL-TIE m OBEE L
ThkdoNd, TOHENELOFEBREY RN T Fig. 3-3 (2R Lz, BHESIL LT, BEI
FTLEDIZ n BIDHEEELDL, 3512, TNLLEOBNT, s, b BLm DEHEL
HEOE FOEMEEFNRENS, A, BLPFy TET. KO, s m) 1L THHEK
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< Input (A o, #¢ as an initial value of (15, m ) >

<Suppose s(1, m ;)=1, when m ,is the smallest mesh size>

{

Y

éj(l,mi):

C(l, my)

C(l,m;)

From Eq.(3.6), calculate éj (I.m.).

s(1, m,), wherei=2, 3,...

Y

Using (A4, #4) and
calculate approximate j-th master curve,
g [(r- AJ._T) /[ {m -uH)]

§.(1,m;)

'

Calculate (T, m;), from$§; [

|

A

37 (m a7,

'

Estimate (A |, # ;) from$§; (I, m;).

\

T //

//

o YES
Does (A, u) converge/?/ I

Suppose s( |, m; )=§,(1, m,).

A

v
SN

Fig. 3-3. Flow chart of a method for determining the mesh selectivity curve from the catch data obtained in a

comparative fishing experiment.
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ETHE, 51 (L, m) &8 (I me) R (3.6) Lo TRkDHN B, KIZ, b & me DEWIE
HENFN Ao & o &5E, & (I, m) &, & (I, ma) HDHWVIE S (I, mg) PO (3.4)
BB 2RV TROBIENTED, AL Ly OIS U, m), 61 (L, me) BIXU§
my) S A=y MEOBEEGERIBODHETKkDLIENTEE, 22T, X (3.6) T,

s, m)=% (I, m)

CIRELT, BES (U omy) & & (I, mg) RREBKICKRDZ, I & mo DEAFIILEA LR R
5ET, FUEHEBRELEDET,

n>3 OBATY, —RMICEUAHETRERBYRETAI LN TE D, SHIT, RETH
HTHLEI, 5 U om) HFEOEMTHEHL ) DL Ao & po PHERITEEFT 5,

FE3IH A &R

WS EE & LT, Margetts (1954) (CX IR EHED A /S—F o M EERTHE S N7z sole Solea
vulgaris DBEFHZEN L2 Hd: % EAYT 5, MargettsiZ X Hsole D8 HBRIRMEF A 13 E 1219534
b, CORBTHWEIN—F» M1 Y- FL4Y80HOLHORTH S, T/,
Iy FLY FO#EIE, BE69.4, 75.78 L7 88.5mm (streched measure) O 3/ HVHH
7o HE69.4, 75.78LU°88.5mm #2 v FIr FidFhFR§, 4BLUIR2EIRMEE N,
ZORET, hN—F oy bEay FIY FE&bETY, 691ED sole Al S 7z, Margetts D
WIZBF D Table2 12, I v FZY FHEHIITy FL Y FEA/N—4 v P THEE SN sole
ODHREHMEATRENT WA,

Margetts {369.4+75. 78 X U5 88.5mm b BENIT v FT ¥ FD sole 12T AR T L DHE
BIRELAME L, FORLD Table 3 1R- L7, 9, Margetts 12 & » TEHE S - ARBH D
L oMBREREAEHEICN 3.4 ¥R LS, BHEMBRLTRET 5, Margetts 13 B E69. 4,
75. 78 L U 88.5mm D50% D FEIRBERTHREZZFNFN20.7, 23.78L0729.9mm LHEEL
72o %72, Marrgetts DL D Table 3 725, HE69.4, 75.745 £ UF 88.5 mm D100% D HEIR=E
LT AREIR, FRAFN, 0BLU36mm THDHERLEINDL, ZD50&100% DFIRE LR
FHREFTy FZ Y FESIZHLTTE » F LA (Fig 3-4). Fig 3-4 70 » bid, FhEh
DBRFELRTAERELEHEE, JVERBEREELTWS, ZOOEREBROZRDS Ih & m
OHEBIZFNFN—957mm & 6.65mm £RKFEFLH, 2D my=6.65mm & lp=—95.7mm %
HwT, Fig 3-5 L3 BEOBAILODVWTRICHTHEs 270y M L7z, 22T, EHIE7
Y=y FTHEINTVD, ThbED 7Ty MIR=4 75 R OHIIE & & IZRBUIHEML, R
AT BICEME L, FO%, R AHI5.6TIN%ILET S, Thbh, IhboD7uy b
HRERG LT, RICHLTYZ/EA FEIOBBEEET S, ZOLH L THLAZHE
G, HTEOHEGOHME BB EHL I EHTE S,
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Fig. 3-4. The lengths for 50 and 100% selectivities plotted against mesh size.

and 100% selectivities, respectively.

Open and solid circles show 50

K, HBERABREIL > TROLAARAEASHBEBIREMBEIRTET L, 22T,
Margetts (1954) D HN—F v FREBBEELIBITL 3 v FI 2 FIZL 20 EERE 2 85
BEREICLL - TROAZLDE LTI,

COHREDENTEN () BPRLZ--BAEOBRFEEBRMTRIL THLI L 2RO bITIK
ELTWVD, Lo L, Margetts DF /85— 3 v FRERBETIR, TOREFMLTVEWVED
Thb, Thbh, §XTOIy Py FHENI0% DERFEL R THEERE 36 mm LLEOH
EREEBEE P HKSO7: CPUE, | 8BL ) ofERKIE, B469.4, 75.78 X0 88.5mm T#
T3, 478BXU4.33k% 5%, HE69.4L 88.5mm N2 FX> Nk, BA7.7mm B &
O3 KLY FIZHT, CPUE 2M&V, L7:A55T, S0 F FMITICHT 2103 REYSTH S
DT, 69.4% 88.5mm DHECTHEBESN/EREMELEY 79.4mm OHEGTHEES K Fh ki
& LTHIE LY (Fig. 3-6), Fig. 3-6 T, EHIIMAE 1 THEA*BAEHETH S, SHRERKKD
BERKIISLTHLIMERKLREL . COMEABITAD L 5 k72, Fig. 3-6 T, 75.7
mm DHEIZLB CPUE (X LT, 69.4mm & 88.5mm @ H AL AHER$E T L O CPUE
A, 100%BINE R HRRULEOHBT, FEZ2BIMHE10EBREICTOy FERB L1,




WERBEREL, &, Fig. 35054 AMY, #WE3 /- CPUE T 3HENEAIC
ILBEEBHTN () BFLVEVIRELHELTCWALITHE, COWHESIT
CPUE # VT, KITRTHEDELEICL » THREMBLRET 5,

BIZs (I, 69.49)=1&EBE, K (3.6) AVWTHIESN CPUE & ) (KEREK T & 12
§ (I, 75.7) & & (L, 88.5) MBS (Fig 3-7)e ZIT, o=0 & po=0 B &,
5 (4, 69.4) 33X B.4) FHWT, &1 (, 75.7) OMBIT L ICHRBEEEIICL s TRkDBE L
HTED (Fig 3-To COLHITHESNAE L OBRLUPSEBE T E1230% & 80% D FIRM:
WKAHTHFRFROERELHE L, HESINEBEDI0% L 80%DE I AT BEENS,
H8— %y PREOPREELFRIUAET 11=—159mm & g1=—10mm %KD 7,
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Fig. 3-5. The master curve determined from the catch data in the covered-net experiment. Circle, square and
triangle show 69.4, 75.7 and 88.5 mm mesh size, respectively.

KiZ, s (I, 69.4), b BIUm L LTERZFR S (, 69.4), —159mm B L F—10mm %
BT, MUGEERIZE TS (, 69.4), & (, 75.7) BLW S (I, 88.5) THiELL
IDEIACLTHON b & mo DF 1ELUE Lo=—478mm & po=—69mm Th-7z, FL
FHEEREE, b & omo DEMESIIEALEILL B ETHRIBELLZ, TOHRELT, 4
B OFET I & me DFNRFROHEEMHIZ—100.4& —619. 3mm IZPER L 72, FEFIZ Fig. 3-8
R LR T R,

HoN=F oy PREOREFE L HERBROREF LD Iy & mo HEEEIZH S 2BV HTAS
ha, $4abbh, /7 5—%y FRBOREETIE me=6.65mm & l[pj=—95.7mm, —JF, W
HKEEOREFETIE my=—100.4mm & [h=—619.3mm TH -7, L7725 T, Fig. 3-5 & Fig.
3-8 LHLIL I, FRNEFRIELNHERRIYAELZ TS, L, 69.4,
75. 781 0°88.5mm OHAFNFIIZDWT, “OOREMBED B LN E R MR
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Fig. 3-6. The corrected CPUE's taken in 69.4 and 88.5 mm mesh codends, C, and Cs, plotted against CPUE in

75.7 mm mesh codend, C;, every length class on log-log scale. Mark and figure show mesh size and
length (cm), respectively.

BEACHEBELRZZREDORE Y (Fig. 3-9. O i, BYRLAFEICL > THES N
HAEMBIZL R L DL 69~89mm DT v FL v FHEOHEEBEIREBMOREIZEDI THL Z
LERLTWA,

BT~ E S, A & G=1, 2, 3) LT LR UAICIBE L 2WTREMED H 5,
Thbb, BOELFEOMBED A0 & po PHLMEETIE, ELV: Ih & mg DRAEEITI
WL WITEEEY S S, METHIE 2 & g PRICEADONEIL Ao & po DHEETITERAFET S
DL HNLV, ZTOZEERETAZOIL, LD do & o DHEETHEDVRLEEZT-
720 Fig. 3-10 13 4 & p AN OPDHEIM L 1g & po PHAEGELLEIRERTRLAILED
EINHEL 2 ERLALDTH A, ZTD Fig 3-10 25, 4 & p i, HAEWXOEFEIC
Ao & po S HMAAETRELEINHET B b0 b, —H, DEVXOEEHNIIHS 20
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Fig. 3-7. 3§, (1, 69.4), §; (!, 75.5) and §, (I, 88.5) plotted against (I—Iy)/(m—my). Circle, square and triangle
show 69.4, 75.7 and 88.5 mm mesh sizes, respectively.
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Fig. 3-8. The master curve determined by the iterative calculation. Circle, square and triangle show 69.4, 75.7
and 88.5 mm mesh sizes, respectively.

Eopo DEEEDNSTIE o & mo DB REEHEEBONLE D o720 LH > T, HERABR,S
BIEMBREFRET AR, 20 & po DV LODOMERIZOWVTRYELFEZT ) LED
H5b,

Fig. 3-10 Th»5 LI, IERXEHOEHEINTIE, o & po DHASRICEDLT, 1R
OMBIZH > TR LEIZNELTWA LI TH D, E51Z, H3—% v FREROPREEIZL S I
Eomy OREEMEOMEE, ZODRTEIEILL D Iy & mo DREEHIIH R ) DFENH B IS H
bod, 1HFFOWMBEICDD (Fig 3-10), DT &L, b & me DHMEEP X OEHENTIZ
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The mesh selectivity curves determined for 69.4 (circle), 75.7 (square) and 88.5 mm (triangle) mesh
sizes from the two master curves. Open symbol and dashed line show the covered-net fishing
method, and solid symbol and solid line the comparative fishing method.
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The paths along which #; and 4; converged into the same point (+) for some typical sets of ¢, and A,
in the iterative calculation. Dot, circle, triangle, and square show the paths for each of the sets of z
and A, respectively, and figure refers to j. An unreasonable set of m, and /, was obtained for a set
of 1t and A, in the region marked with small cross. Solid circle shows the estimate of m, and I,
obtained from the covered-net fishing method.




] T T
300 F
E
E
£ 200}
o
[t
[¢b]
|
100 L ]
1 " 1 " 1
170 ] 80 Tgo
69.4 75.7 88.5

Mesh size (mm)
Fig. 3-11. Relations between mesh size and length for given selectivities. Solid and dashed lines show the
comparative fishing and the covered-net fishing method, respectively. Figure refers to mesh
selectivity.

CAYFOREICHLIRY, HEMBIZL L m DHLEMHPITR OBBICE > T GEPTE
HIrErRLTWD, EBIZ, mp=6.65mm & lh=—95.7mm DH AL, me=—100.4mm
& h=—619.3mm OMELORT, 0.1 LOBRELRTHRREMEEGIIZLEALERE
s ok (Fig 3-11),

INLDZ ERL, Al lbsoe 2o TA 3.4 &1L modLFEMNTHEEMIZHK
NIDZENbD o, LT, ZITEHLAAFEET Y FLY FOREOBE OB #
PFHEMB T RET HDIHENTH 5,




W g C /LK O 3 BRSO JIRE R

ENE JREVEHEICES T 3HEEEREIRORE

AETIZ, 6HEOHEDT » Foy FERWI -5y FREBEELITV, PMUECEA
HBEOEFRBTHL/BIVHE, SvaBlUh LI HEOBEERINGEME S RO L (Hifb
1989, Tokai et al. 1990}, T Z TOMHERVEMAOREITIX, AIEETHIE LT EHT
Bo T, WITHAN—F o FPRBRIREIZ L S EBIREREERTIE, 5% v P EEOHE
WIZE53y FLy FOBOE) (RAF L 7HR) PHBEL L, COVAF L IFHRETE
LIPS T AHDIE, A (197) - THAN—S»y POREEEZ2y FZ Y FOESD
1L.ofFL L7 HHRMTEAIN—F v b2REHELLTy FLFEIN—F 9 PEEF LW
Ty FZy FFEBICRAL, FORBICLIMEDTy For FIEY 8T 52 21
X oT, A=y VEFIHRBRERLEEEES L OREMBIIRITTREYRIT TS, 35
2, A 8H LA Evah LA OB BREMBOEZ, TOAKOBRIZELLDE LTHE
FHETI.

F1E NEEUVERIELZI N3y FNBRBREDOHER

LU S BR R

19844E7 A7 H, 8HBIUVIHDEE, ATERMELE L TALUEXHEN]I E4E
L, SERNEREICVET ARG E THREERLER L2, ERICEALBEOEENE,
AR HBIUONBEESIEMSEBE U THRETILEMPFALTN2LDLEFALLOT
5 (Fig. 4-1), H#ix, ZOHBBOERVIEBT HIZALNLLOT, RPFPIZT IHN
Ty FZyFIZADHDZDRRITOR SO, a2y FLy FORIZESFIN TS, K
EETIR8Omm OHEDFEETHVZ, 29 FRyFET7 7 AF— 0L o THEDPRLZALD

INNER NET

FLOAT 89mm meshsize
) & COVER NET

13mmmeshsize

mesh size '
20mm .-

COD END

N 9m
/BEAM mesh size (mm)

am U\ (Bamboo pole) @®mesnsize 69.3
N 20mm o 46 .1
o 25.1
7 22.1
CHAIN 19.9
16.5

Fig. 4-1. Schematic diagram of a shrimp trawlnet used in the present experiment. Inner net, called “Naka ami”,
is used to prevent gathered rubbish from entering codend.
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WCHDEZONAEICLT, 8- Fy NEEE L, #/5—% v Mid 13.8mm O HEDH
WThb, 29 FTUFOBEE L TEYERMMEHL TS 19.9mm DEEN DL 2L,
1342 69.3mm, 46.1mm, 25.1mm BLF 16.5mm ADEBEDZ 4 1 @I OHE L, H#EF
ORAEEIIBEMEFLPH2 /v e Lo, BEHEER, £40 "HL” 2OEZRETR1HWT
D, 2MFARICHMAT AR & o/, ART20[E 0% HRERRHE ORI, kM B X O,
HHAFNFNLODy FLY FOHAEY Tabled-1 2R L7z SZTOMRBIX, BERMEL-EI,
BRBEHEOEEEICF AT BRI L/ZIREET, TE L7205 W#EL S EESIZI0FFTD
WMEOMZE (2HIER) PHiEL. COMNEEOTHERMENBGE L, &b, REEH
(30~60%4") ITLEMTORMEEROK 3D THo72

HIN—F v POEREI Yy FL Y RFOFADLNEETHILIZE ST, H/—F v P EED
WML AT AF IR TELNENNEL LT, SHIETHNS—Fy Mgy PV FA
DEEWIZEZ DT AX Y IV OBEBELRALLOIZ, 19.9mm AENI » F2y FEZOHE
L7, RIBEES 2L 80EMTIE, TOTODMTHN—F v M EEELBEESE L2V
EEFIC AL 7o,

HUAETIE, FRARLITEIHE, 29 FLy FBIUH =% v bOEFREFLDOHEEY
2TNTHETHRV<Y YEEL, ERZIHLRED, BRI, BEAR, &K, 5, HEs

Table 4-1. The towing conditions and the mesh sizes (2 legs & 1 knot) of codend

Towi The mesh size of the cod end
owing

Haul No. Date Tur;gvg?nisgtart dl.(l;lﬂ())n (mm)
port starboard
1 1984.7.7 7:30 60 19.9* 19.9
2 9:20 60 19.9* 19.9
3 11:00 60 22.1 19.9
4 12 : 45 48 22.1 16.5
5 14 : 35 55 25.1 16.5
6 16 : 13 48 25.1 46.1
7 21:05 23 69.3 46.1
8 2230 46 19.9 19.9%
9 7.8 0:22 43 19.9 16.5
10 1:55 40 221 16.5
11 3:25 35 221 25.1
12 447 29 46.1 25.1
13 19:25 43 46.1 69.3
14 20 : 52 38 16.5 69.3
15 22 .06 34 16.5 19.9
16 23:25 35 22.1 19.9
17 7.9 0:35 38 22.1 25.1
18 1:50 35 46.1 25.1
19 3:08 32 46.1 69.3
20 4:10 30 25.1 69.3

*The covernet was not used.
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LOBELME L, — K, MAEIIEHE, L ya2%d, (FHOPIBWT, BERIITILYE
FROBRWA LT ECERPEESICHE L, 208 212, BESICHTIEREREDES
TIMEp L LTRFEL, BREIENICHEHSh, ThfhoRBLEEIEHEIN,

WoT, i BMEOjEICBITLEERKN, LIRERER W, OREEMEIE, THREN ny/p; & wy/p;
THRAOND, TITuy & wy BENFNIIEARRELELREETHLH, LV TETE, /¥
AEAVTO0.0lmm B TEMPREGERTHE L7z ¥+ I TEAKREL Smm BEO/ < F
YA = FICEEE L, B, Yy IOEREESHRMIZOWTIE, Kuboetal (1959) (25572,
WEL-2BARKIE, YL Ed’l4, 0278 (BEMFR 6~26mm), ¥ v 359 3882 (KR35
~145mm) TH -7,

MEERNEED, &R (BAVEHERTERE) JTLI12, $#, 29 FZ o FBLIUTH/N—F v b
AL BERMICH TS, vl 2y Py RTOMBREOHE (S—k v ) &ELTK
HHNS,

PigL o P FORERK

i, 20 Ry PRI N—% v M OEERE .

R =

COEHIZLTRDZ-MMEFEREIIH LTHETHELAREFELHEALT, 1zl
T 2B EREMBE RS, I TOMEE EIREMBIE, IRLERA TSI LB GO
H-EFAR 1979 THLZ, O3 RILERATS (1 BHHEOFEII1E, NEC PC-9801H o
MS-DOS BASIC ERECER SNz 7075 A% v/ (g 1990). 72, # LA EOMEE®
BB ORETIE, BERHOREDPS ) & my ¥ ROLIEDNFTEROEEE L THos70 T
bbb, HEHMEBIREIG T HEALEELABRIISL EHELT, METEHRLZHE
T (b, my) = (0, 0) & U7-Mifkx AV, ZHIERE (1962) * Kitahara (1968) A%%l#@
DT CRELIRELR L TH %,

BWRCEE

1. #WEOBEMHKEBEOME
EEEVRAVLESOEMILEY, T8, LETwb, Tt oRET, i 150
mm DESOFIIHLHOEERL TS, LAL, @ L TEZTARKETI, Zo8Eny
LLMBORBELE—H L2 b, LAL, BEEELZ2 5B, BESICHEEIEON
PTVWHATHZ TH, 2HVALENS L, 22T, Fig 4-2 [CBEFH (B, &) L&
N (AL, mm) OBMEER LA, HPOMBIZRD L S ITKkD 72, T M, 5 2@tk —
DRZIBUILEHORYERTOT, RO 1720 & L-EO 2H 1 BIROMESCHHFLET
5LLT, 1/ M,—1) LBEREE* 70y FL7 (Fig. 4-3). 2SOy MIIZITER
rizon, FoRPFRIEKATEZ oS,

=280, 3~ ——0.7246 (HIBHEH —1.00) . (4.9)
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Fig.4-2. A relation between nominal mesh size in “Fushi” and stretched mesh size.
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Fig. 4-4.

T T T 7
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Log of catch with covered codend
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Relations between the logarithm of catch in uncovered and covered codends in number (above) and
weight (below). Solid and open circles show catches in haul nos. 2 and 8, respectively. Solid line,
regression line; dashed line, the regression line through the origin; dotted line, the line with the slope of
1 through the ongin.
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Fig. 4-5. Carapace length disributions of southern rough shrimp, Trachypenaeus curvirostris in haul nos. 2 (left)
and 8 (right). A, uncovered codend and B, covered codend.
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Fig. 4-6. Body length disributions of mantis shrimp, Oratosquilla oratoria in haul nos. 2 (left) and 8 (right).

A, uncovered codend and B, covered codend.
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Fig. 4-7. Relations every mesh size between total catch weight (kg) and codend catch weight (kg), in which total
catch consists of catch in codend and cover.
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Fig. 4-8. A relation between mesh size in mm and the ratio of codend’s catch weight to total one.
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Fig. 4-9. The mesh selectivities of 16.5, 19.9, 22.1 and 25.1 mm mesh codends for southern rough shrimp,

T. curvivostris plotted against carapace length.
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Fig. 1-10. The carapace lengths of 50 and 90% selectivities for southern rough shrimp, T. curvirostris plotted
against codend mesh size. Solid line shows regression lines.
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Fig. 4-11. The mesh selectivities of 16.5, 19.9, 22.1 and 25.1 mm mesh codends for southern rough shrimp,
T. curvirostris plotted against (! —Iy)/(m—my). Solid line shows master curve.
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Fig. 4-12. Mesh selectivities of 16.5, 19.9, 22.1 and 25.1 mm mesh codends for mantis shrimp, O. oratoria
plotted against body length.
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Fig. 4-13. The body lengths of 50 and 90% selectivities for mantis shrimp, O. oraforia plotted against codend

Mesh selectivity

Fig. 4-14. The mesh selectivities of 16.5, 19.9, 22.1 and 25.1 mm mesh codends for mantis shrimp, O. oratoria
Solid line shows the master curve for mantis shrimp, O. oratoria.
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Fig. 4-15. Body length distributions for Pleuronichthys cornutus and Limanda yokohamae caught in the experi-
ment.
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HN—F oy R EEL LD 572 3HBERL2REL OB ONIAA T LA ETIAFLAD
HEMEET Iy FZ O FOEBEZT X N—Fy }, Ty FZ U FBLUHHENIZERLFR
Table 4-2 & Table 4-3 1Z/R L7z RABHOL R LI, TXTOALTHLA LWL 2HhD
~aHVLAT, 1ZRAUEEERDb DA (KK 130mm ML) &, 89mm @ HEDOHEHS
TSN, Table4-2 (IR L&D, A4 ¥ AL ATy F2 v FOBA 16.5~25. 1 mm
TRIBLALOEESNT Yy FTFT, $2HA46.1mm Tiday FZ Y FEHN—% v + T,
EHIZBAE69.3mm TiZIZLAEDREENINN—F v PTHESIN,, 29 FZY FEHN—
v POMAECHEIN/-BE 46. 1mm OMTIE, H/3—F» P TEREIVNEIODL DA, a5
FLy FTREIDL DA E (EEEI T,

—7%, Tabled-3 S ER LI, 2L ADEEHKE AL I T LA LRI LS 2
BERTH, AN—Fy b&ay P FOMAFTENRDZDIZHE 25.1lmm ®2 » KXY KT
bbb, Thbh, 2IHLANFIN—Fy beay FLyFOMETELNDLBEER, A%
LA (6. 1mm OBE) L0/ &Ehoi, EBROBREEECH LTIy Fr FOMEHE
RUEE2ETHIEE2RET 5,

Table 4-2. Length compositions of Pleuronichthys cornutus caught with inner net, codend and covernet by
various mesh size of codend.

Mesh size of cod end (mm)

Body length 69.3 46.1 25.1 22.1 19.9 16.5
(mm)

inner cod cover inner cod cover inner cod cover inner cod cover inner cod cover inner cod cover
net end net net end net net end net net end net net end net net end net

55— 59 1 1 1 1 2
60— 64 5 10 3 6 4 5
65- 69 2 10 1 11 8 12 3 12 10
70- 74 1 21 2 14 1 18 1 37 1 22 40
75- 79 1 1 10 1 4 17 1 14 22 1 36 1 19
80- 84 14 1 8 12 13 16 15 11
85— 89 1 11 13 2 11 12 13 5
90- 94 2 4 3 8 1 1 5
95- 99 1 5 7 1 1 5 2 2
100-104 3 6 1 4
105-109 1 1
110-114 1 1 1

115-119 1 1 1
120-124 1

125-129

130-134

135-139

140-144

145-149 1

150-154 1

155-159

160-164 1

165-169 1
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Table 4-3. Length compositions for Limanda yokohamae caught with inner net, codend and covernet by
various mesh size of cod end.

Mesh size of cod end (mm)

Body length 69.3 46.1 25.1 22.1 19.9 16.5
(mm)

inner cod cover inner cod cover inner cod cover inner cod cover inner cod cover inner cod cover
net end net net end net net end net net end net net end net net end net

30- 34 1

35- 39 1 1

40— 44 2 1 1 2 2 8
45~ 49 9 15 5 8 2 1 21 2 15
50- 54 21 1 39 13 22 2 2 2 40 24
55- 69 24 1 55 37 6 2 32 58 48
60- 64 38 1 79 24 1 4 56
65- 69 24 1 46 41 23 1 33 40
70- 74 12 1 31 20 10 1 20 11
75- 79 1 1 7 13 3 11 10
80- 84 1 3 1 3
85— 89 1 1

90- 94 1

95- 99

100-104

105-109

110-114

115-119

120-124

125-129

130-134 1
135-139 1 1

140-144 1 1

145-149

150-154 2 1

155-159 1 1

160-164

165-169 1 1

170-174

175-179

180-184

185-189

190-194 1

=N W
&
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Fig. 4-16. Mesh selectivities of various mesh size codends for P. cornutus and L. yokohamae.
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Fig. 4-18. Comparisons between the mesh selectivity curves of 23 mm mesh codend. Solid line shows the
mesh selectivity curve based on the master curve for southern rough shrimp, 7. curvirostris in this
paper. Solid and open circles show the mesh selectivities for southern rough shrimp, 7. curvirostris
and tora velvet shrimp, M. accivis, respectivly, determined by Fujiishi (1971).
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Fig. 4-19. Regression relationships between body length and body depth in P. cornutus (O) and
L. yokohamae (@).

hE L RESORBR A MEOB TR L - THRE L7cHER, mEOEENICHEIT5HE
IRAREE TIX, AL F=261.66 L 20, 1 %EEKETHEEMNRO LN (Fig 4-19), £
7z, ELEEOBBRIZOWTY, MEIZBIT0EFEROER, Stk F=7.3021 £ 4D
1 %HEKETEETH 72, RREFEOHEGERNE, AREIFBOMBRENL & IZHEMOZEE




EEWiETO/NIE L A B0 RIRER

HETH o705 REREESOEFRIZHERT, AR LEKEORHRIIHEOH TR 2T LD
FNE WV, LA -T, AT LA e<vah L fBOMATRREHEMBOEDER Y,
ELHRESOMELILRFT S (Fig 4-19). XA HL A L2 aF LA DFRFRIZDOVTHRE
P ERE L, OBERERCT, BEE2 120 L IWERLT, p/m 23 L CHBEREL 7O »
L7 (Fig. 4-20), Fig 4-20 Tid~a# LA O3 A% kidis, WEORINEI, Ip/m »3490.5
POWKT DI T, EIREOO%BO LD ORBITHERL, Ip/m 591, 0TREIRFEL00% 2%
TH1IROEMEICERSL, ZOZ&E, KEHBEFUTWLIWETIE, AK&SICE - THEHEZER
PATIZREDIEERL T A, LA -T, WHEBICETS Um 12§ 58 B EREOH
HEHROEE, FA—RECHT2EE02ICL 5,

1004 (@ @y oneee @) *—0-9—0~8-0——0 —

(%)

o Pleuronichthys cornutus

e Limanda yokohamae

&
N
2
/2]
B frrvesereee e A
®
s
c
s
£
[0
o
/]
0 05 1.0 15 20
o/ m (1o; Body depth )

Fig. 4-20. Mesh selctivity curve of P. cornutus (O) and L. yokohamae (@) plotted against as a function of {,,/m,
where Ip is body depth.
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Fig. 5-2. The total selectivities of May (O), August ([]), September (&), October (=), November (¢>) and

total (@) for southern rough shrimp, 7. curvirostris plotted against body length.
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Fig. 5-3. The total selectivities of April (A), May (4), June (0J), July (@), September (@), October (%),
November (w), Decembaer (O) and total (@) for mantis shrimp, O. oratoria plotted against body
length.
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Fig. 5-4. The total selectivities and the determined mesh selectivity curves of southern rough shrimp
T. curvivostris plotted against body length.  Solid circles indicate the total selectivities.  Solid lines and
figures show the determined mesh selctivity curves and mesh sizes, respectively.




i

Fig. 5-4 (27% L7z, Fig. 5-4 TFHH 2 £HIRFI212(T 32.5mm B G OME ERE MR & 31T
—FLTWwb, Jhid, 32.5mm BEOMBEIZ L - TESKEEY, BED 25.1mm BE
2 AEEEBEIRE E AB BN IT- 72K IR LER L ARME THH Z L2 ERLTW
Be L7H5TC, 32.5mm DHADFEBA Lk LA BREREEL M THEESGTH S,
7, 22T 35.0mm HEOMEBIRRIEFNELYLNS v, ZOZEDE, ABRHH
1% 5Th, 35.0mm DEE~BHIEKTAZ L2 L > THRERESEAL T I LA THES
Nb, L72A5T, 35.0mm DEA~OHEILKIERZICKBERDOBA AL LWREEND
%o
2. Y+l TZEERBOHTE

S raizonT, & 4.5 2oRO-BANOMEERIREMMR L FPHN R ERIREERL
72 (Fig. 5-5)» 16.5mm %5 30.0mm O H& O H#ERMII TN TORREHATEERE LD
Fxuvy, T/, 32.5mm OHAOMEBIRK L IILALORRBATEZERRII KRS, #
E 115mm M ETE&BIRELIZIZFRLEERT, 545, 35.0mm O HEOMERERFKZ, &K
£ 100mm M ETEBIREL WS b, LEH T, 32.5mm DB EHFBITOHMEIIBL
THBEHATH B, 727°L, 20 32.5mm BEOHE IHTOKGY AR TR 80 mm LT O
b T B, LA o T, BEMOTNTORRERATT NTEEN L TREWETHI L
L <, BT ERABOANARNSETITORL ZENTFREEINL,

FRLALES, BARESEETHAFT L ICOBEFBEOEAL, 32.5mm LHEES N
Pro 77, v IOBEMEOESS 32.5mm LEES N, ThHEDOZ LR, HINEEEK

(Y T t T T * T T T T
10 Y e appeeeenraagpasteento b en FY ¥ 3X I ZXeeee o
>~ , ]
= - Oratosquilla
> oratoria
=
&)
L
© 0.8 oS S i
0 N 4
o L
o Total
s I selectivity
- / 4
O beeeeen 0 0 O 0 0 8OO O e -
50 100 150

Body length (mm)
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