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Abundance estimation of Sergestid shrimp Sergia lucens of 1998-2007
year classes in Suruga Bay

Takuya SAKUMA, Atsushi FUKUI, Tatsuya HOSHO and Itsuro UOTANI

Abstract

Stock abundances of 1998-2007 year classes of Sergestid shrimp in Suruga Bay were estimated by virtual
population analysis using the length frequency and catch data. The number (/V,) and biomass (B,) at recruit of each
year class were estimated to be 46.1-119.2 (mean = SD 82.6 + 23.7) x 10® individuals and 801-2,577 (1,888 =+ 585)
t, respectively. The numbers at recruit (V;) were about 1/40-1/3 of 1961-1965 year classes. The reproduction rate
(N,/N, and B,/B,, where N, and B, indicate the number and biomass, respectively, of the previous year class) were
correlated with the average water temperatures during the spawning season, the rates tended to increase as the
average water temperatures become higher during the spawning season. Accordingly, the water temperatures
affected the survivals of the eggs and larvae. The poor catches of the autumn fishing of 2004 year resulted from the
following causes: (1) delayed recruit of age 0 cohort (2004 year class) due to large-meander of the Kuroshio path
and (2) smaller abundance of age 1 cohort (2003 year class).
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%275 LY Sergia lucens \FHE 40-50mm 2 KET 3
NBLDIE I SR T, B, MRS, HEBBO, B
X OEEILEI & FEEHIc AT 5 (Omori, 1969 ; K
#, 1970 ; KRFk « &EH, 1995 ; Hh, 2007), AFEDFEIN
B 6-10A T, IIRghA 13 KEE 50 m IR IC AT 5. R
IZHEE R E HREBEME 2B L, BRETIEAE 200
-350m AR T B A, Wk 5 & AKREE 20-100 m 12
3% (Omori, 1969 ; K7 - & H, 1995). A<FE 1% 5
B ORER 72 MBS T, 18944E0 S ZENIRE - 7z,
T S BEFREHENTbN, 1912 1 RENHTH 2 5SS
DESIA & 20 0, BT S R O AR R
RAZYI Y B - 7o BED19TTHI I AG T SHE 2 555

T2 7—NEIEA ST (PR - BASE, 1982 5 Kk -
EH, 1995). STEOWHNZ 3 H -6 B b4 (Bii)
C10A TAaI-12A ™A (BKfad) Th 5. 19765 LUK D 4F
[ 13843-3,803 I > (HHATIL423-2,567 b >, FK
I T13294-1,896 b >) THEREL Tw 3 (K# - &H,
1995). %7 7 T © OERBIRKICEmMA L, BE
OFERIAZRE KA cil s s (Omori, 1969 ; K
R, 1970 ; EEASE, 1982 5 K#&% « & H, 1995). Efk#EC
koTiR, BREOERPITHIESRIHEINLZ LD
% (P, 1993).

SHEREHE2ERT 2 LT, BFEEOHEE AT
RCThHb., LrLiars, RKEOEFEEIZ DWW TIX1961-
19654 % (- W, 1967) £1998-20014F % (& H 1%
2, 2004) DIEDD BT T, ek, BFEROEEL L
TREIRL -0 ¥R (CPUE) VWL NTE 2

20104F 3 H31HZAT 20104F 7 H14H %28
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(Omori et al., 1973 ; HEAIE, 1987 5 ZARIZ», 2009).
KT T, FEHE (2004) OHEEEZFHETL, 1998-
2007 MO EFRFEZHE LT, £ LT, MAZRET 2%
Rz ta L7z,

MEE L UHE

S CBIERE AW THWLY 72 7 2B, 19984
TR 2 5 2009 F W £ < Gr22sd), KAl L T#H
H, HILESBHEBRBESHTEOY 7 7 = EEiRcERL,
WY DO—E s SERE L7z, 1 HEHA YN, MiEzh2
N100-200f kD FE [IREO®KE EAOELE) »SRE
MoK TORS] AEL2ET /XA [3Y 3
(), CD-15C] LBFRE [VA T2y 1 (B, MK-60
E] ZHWTHIE L7, @HiZs (2004) cfEw, A
PRRARR % F W CREZEREY O Rt 2 L 72, %A
DR EALRR X206 B 5 W IZHIE] £ A4 Uiz, o
FHICBWT, ML DI 2EEDOEE, 2 ODEREL
DR SN G ELTHR- 7, ZO%E, FHRESHO
DML R 2KER S 2, ZOHEBEKELV/INSWEES
oMk % 0 it REENyETHNIE, K0S
By T, BRPIOSE y-1 FH5), REVWERzH
Ofifkz 1k BREFL y £ THNEBPHEMOLE y-1
AR, BWIHOSE y-2 ) & L7,

BREHENDHELDVDERT—49 S I77T2EDHLFE
WD BEIREB OB HEDOHAM % Fig. 1 127w L 72,
4> & FFin & TORM & WEEDOERES L AR 0

%, LFOL RS L, 10 0kfkial, 2 @ 05%
AP, 3 00BN, 4 0 0-1E TR,

5 1 1iRAkidl, 6 ¢ 1AFMRE, 7 0 1A,

8 1T % TOEFMRMEIMN., WMOBHEH» S H 2 »ik
WTHZT, fAETERWEELD-T. ZO%E, i
BHtAH H 2 WK T HIZIX, ThZhdind 2 Ao BdE
WEES  H L0 2fmL. BlzE, 0mEREE (3)
DY%E, MAmH % 3, #MEKTHZ 3" (Fig. 1 T34
W) &FRECUL 7z, 7z, WabdthH» o fERGH £ TOM
% 33, HEKTHL S THE COMRAE 374 & L
7o, BREHEECED 2E 8D 2 idEFRICH LT, T

DitEEMW, B &FER, C::WERHK, F @ f#E
X, F . fESRE, k:von-Bertalanffy ®kERTO K
EHECET 2T XA =%, L KK, L,:von-Ber-
talanffy O sl R TO MR AR, M I HRIETHRE,
N DEFEREE, S:IARE, T ZUMOBE, tn: K
AW, G Fa, W I1RHEY OKE, 7 2Rk
ﬁ.;ngwo%,%ﬁ LT 2 BICIILAT ORE
ERW, FZ2E, N M RGROBEER, L1k
W OFHEE, SR (26 FTOEKRETDH
5.

EFEE X Virtual population analysis (VPA) 2T
HEE L7z (Gulland, 1983). VPA L ER T —% H 5 W»
EXT A—=21F M, UL DDERFEOREDWIFI 0
2 F (=37 )VF), BIUZHBOCTHE, 1HY
720D M, tn & ZHAWT, BIEH (1989) 1I2fEWEL
Tk CHEL.
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Fig.1 Schematic illustration of decreasing process of a Sergestid shrimp cohort. Solid and broken lines
indicate life spau of age 1.3 and 1.8, respectively. The numerical values indicate the following periods:

1, autumn fishing season at age 0; 2, winter closed season at age 0; 3, spring fishing season at age 0; 4,

summer closed season at age 0-1; 5, autumn fishing season at age 1; 6, winter closed season at age 1;
7, spring fishing season at age 1; 8, summer closed season at age 1-2, respectively. N and N’ indicate
the stock abundance in numbers on the first day of the fishing period and the survey period, respectively
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M= (Loget:—tn)/ (Loget:— ty) /365
Fin (1) FEEHEE»SBRE L. BFEOY 27 7 EN
OHBEOE—27F8 HEA»S IHTHETICHS Z &
ML WD T (FrRERAKERMIISERT, 2008), #DOHERod
9A 1 HZHAHE Uiz, BRBVERS (4) X108 & L7z
(f@H1E 5, 2004). & — S )V F BHEREMRK» & KR
ZHEET 557 (Beverton and Holt, 1957 ; HH, 1985)
ZRCHERE U7z, Fanl. 3 (FanOHEEIC D v T kd)
DY —2FIVF (Fys) B3RO LI WEIE LTz, &,
von-Bertalanffy D ERXD/ KT A —F kb & L,, X5
WM 56 BIEARE DR Ly & RO FHEE Ly 5 5
Zge %?&%Lﬁ?.

Z=k (Lm_zs’e)/(zs’e_Ls’)

Zs’es:ZTs’6/365
ZZTCLys BEHOFYETRAL, Ly id von-Ber-
talanffy O RSN HEEHEIZED) »oRDTz, T 2
E OWaIAMN H IR RCER R G OWIEER L D 5. 2 72,
% 2T,

Fos=Zgs— Mys L7355,
RIZ S & Ege %

Sye=e 2%°

E5r6:F5'6(1*85'5) /Zs’s
ERDIz, 2T Ny %

Ny=Cyss/Ess X OKRDIZ,
BRI R R L EAERICB U 2 B O EREED
e 1REUDOFYRETR T I EICEk > TRD
(Appendix). XD HEKHAD N 13 VPA IC L Y k& i125 2
7z, ZOB, SYHORESBIRER L 2HE L. &
o&EFEERE (B) IMIcT 2&FEER (N) & 1RB4:
DOEE (W) OBICE Y527, 20O W i von-Ber-
talanffy OpRAL L OMEE EFEOBGK L DKk 7,
von-Bertalanffy O ERITEREE S L ICHEE L2, v
12 7 — S IR O R R B & CEEAREREERHH T

Table1 Data for stock estimation of each year class (1998-2007)

bole, IRELIHAH (9H 1H) CEERHE»S, Xt
6T BERES 272, 2D &5 TEERIFRE
ERER D o ODIARHEDHE 2 FR/INCT 2 L D1, =
FFEEHOWTERERDO NI X —% (ky, L., BXUt,)
PHEE L, MEHEOBERICIEZ, Y7 vy 7 AgER2 AW
7o, HRECEREOBGRRIE, HIFERHCET S EARL
e 2RO ERE ERED T — 8 AW, FRFES it
TELTz, WIRX—=% (w=al"D a & n) ¥, HEE{FKHE
AR L T, BRI L Dk, BlERIZEH
12 (2004) TRMEHEZ F O THE LD, 1LIED
B 7 T EDOREICIIMEEEL D 2 0T, M L icfTo
7z. Table 1 \CEIREHEE A B 7 —5 R Lz, Kik
1D WD T R K EERARITSERT & 0 14t %2 32 1 7 B
WEERBENC BT 2 ZRTEM (St 290 KBE20, 30,
50, 75, 100, 125, 150, B L O 200m) DT —%, B &
CEEITREE I D W CIE—H ZIR BN ERO 7 — 5 (153
NEOKBERfi € > 7 — R —A—) ZHHALT.

1998 1999 2000
1998 class Male
Tll’ TI’Z T23 TSB’ T3’3” TS”4 T45 TSS’ TS’G T67 T77’ T7’8
Duration (days) 42 11 97 - 62 - 151 5 50
Catch in numbers (X10® individuals) 6.18 2.94 - - 21.04 — - 0.19 3.57
L (mm) 32.7 — 35.9 - 38.7
L (mm) 33.9 — 36.5 - 39.0
W (mg) 266.0 - 326.0 — 450.3
W (mg) 296.5 — 380.0 — 518.0
1998 1999 2000
Female Tll’ TI’Z T23 T33’ T3’3” T3”4 T45 T55’ T5’6 T67 T77’ T7’S
Duration (days) 42 11 97 - 62 - 151 5 50
Catch in numbers (X 10°® individuals) 6.37 3.04 - - 20.62 — — 0.11 2.19
L (mm) 32.0 — 36.0 - 40.0
L (mm) 33.5 - 36.9 - 40.4
W (mg) 246.1 — 360.4 — 499.0
W (mg) 296.2 — 387.7 — 584.5
BB 25 (2010) 3
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Table1 continued

1999 2000 2001
1999 ClaSS Male Tll’ TI’Z TZS TSB’ T3’3” TS”4 T45 TSS’ TS’S T67 T77’ T7’8
Duration (days) 5 50 96 5 59 - 153 2 48
Catch in numbers (X 10°® individuals) 0.52  10.06 — 0.24 19.48 — — 0.06 3.71
L (mm) 30.2 - 35.6 - 39.4
L (mm) 31.5 - 36.5 — 39.7
W (mg) 231.6 — 375.2 — 507.6
W (mg) 218.8 — 413.9 — 530.6
1999 2000 2001
Female T T2 T28 T3 s T34 T4 Tss Ts6 Te7 T T7#
Duration (days) 5 50 96 5 59 — 153 2 48
Catch in numbers (X 10°® individuals) 0.58 11.24 — 0.22 17.71 — - 0.06 3.53
L (mm) 28.9 — 36.3 — 40.8
L (mm) 30.9 - 37.6 — 41.0
W (mg) 201.5 - 404.6 — 573.4
W (mg) 246.9 — 455.2 - 600.0
2000 2001 2002
2000 class Male T Tv? T2 3% T3 T4 T4 Tss” Tse Te7 T T7®
Duration (days) 2 48 93 4 65 - 148 11 44 93 10 23
Catch in numbers (X10® individuals) 0.09 6.13 — 0.15 18.74 — — 0.33 2.47 — 0.23 0.54
L (mm) 32.1 — 36.2 - 39.5 — 40.7
L (mm) 33.1 - 37.4 - 40.3 - 40.8
W (mg) 280.7 — 393.2 - 502.1 — 544.2
W (mg) 299.5 — 431.9 - 516.2 — 598.2
2000 2001 2002
Fenlale Tll’ Tl’Z TZS TSS’ TS’S” T3”4 T45 T55’ T5’6 T67 T77’ T7/8
Duration (days) 2 48 93 4 65 — 148 11 44 93 10 23
Catch in numbers (X10® individuals) 0.09 5.52 — 0.01 17.48 - — 0.29 2.19 — 0.27 0.74
L (mm) 32.5 — 36.8 — 40.6 — 42.0
L (mm) 33.2 — 38.4 - 42.0 — 42.2
W (mg) 287.1 — 411.4 - 547.1 — 606.6
W (mg) 305.0 — 466.4 - 582.1 — 675.0
2001 2002 2003
2001 Class Male Tll’ Tl’Z T23 TSS’ TS’S” T3”4 T45 T55’ T5’6 T67 T77/ T7’8
Duration (days) 11 44 93 10 59 — 147 36 20
Catch in numbers (X 10® individuals) 0.99 7.45 - 1.52 12.85 — - 0.37 0.93
L (mm) 32.3 — 35.8 — 38.0
L (mm) 32.6 — 36.5 — 38.3
W (mg) 269.9 — 387.3 — 478.0
W (mg) 267.0 — 423.9 — 504.4
2001 2002 2003
Female Tll’ Tl’2 TZS T33’ T3’3” T3”4 TAS T55’ TS’E T67 T77/ T7’8
Duration (days) 11 44 93 10 59 - 147 36 20
Catch in numbers (X 10® individuals) 0.99 7.43 — 1.28 11.11 — — 0.33 0.85
L (mm) 32.4 — 36.4 — 39.7
L (mm) 32.6 — 37.3 — 40.1
W (mg) 268.5 — 404.6 — 545.2
W (mg) 270.7 — 471.4 — 574.9
2002 2003 2004
2002 ClaSS Male Tll’ Tl’2 TZS TSS’ T3’3” TS”4 T45 T55’ T5’6 T67 T77/ T7’8
Duration (days) 36 20 91 — 70 - 148 7 48 93 - 70
Catch in numbers (X 10® individuals) 1.50 3.84 — — 17.34 — - 0.46 2.90 - - 4.88
L (mm) 28.6 — 34.6 - 39.3 — 40.9
L (mm) 30.5 — 37.0 - 39.0 — 41.4
W (mg) 187.8 — 338.3 - 501.4 — 568.8
W (mg) 241.3 — 416.2 — 510.2 — 600.3
2002 2003 2004
Fen]ale Tll’ Tl’2 TZS TSS’ TS’S” T3”4 T45 T55’ T5’6 T67 T77/ ’I‘7’8
Duration (days) 36 20 91 — 70 - 148 7 48 93 - 70
Catch in numbers (X 10® individuals) 1.47 3.76 — — 16.57 — - 0.37 2.32 — - 4.70
L (mm) 28.2 — 35.2 - 40.4 — 42.2
L (mm) 30.6 — 37.7 - 40.3 — 42.6
W (mg) 174.0 — 351.8 — 547.9 — 627.3
W (mg) 241.5 — 435.6 — 567.8 — 654.7
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Table1 continued

2003 2004 2005
2003 ClaSS Male Tll’ TI’Z T23 TSB’ T3’3” TS”4 T45 TSS’ TS’S T67 T77’ T7’8
Duration (days) 7 48 93 - 70 - 153 — 51
Catch in numbers (X 10°® individuals) 0.36 2.29 — — 11.86 — - — 1.63
L (mm) 30.8 - 35.5 - 38.6
L (mm) 30.9 - 36.1 — 38.8
W (mg) 238.4 — 372.6 - 486.0
W (mg) 239.3 — 396.3 — 497.0
2003 2004 2005
Female T Tv? T2s T8 T e T4 Ts% To6 Te? T T
Duration (days) 7 48 93 — 70 — 153 — 51
Catch in numbers (X 10°® individuals) 0.50 3.24 - - 10.64 — — - 0.72
L (mm) 28.9 — 35.9 — 39.5
L (mm) 30.1 - 36.9 — 39.6
W (mg) 194.2 — 395.5 — 538.0
W (mg) 220.3 — 429.6 — 539.9
2004 2005 2006
2004 Class Male Tll’ Tl’Z TZS TSR’ T3’3” TQ”A TAS T55’ TS’G T67 T77’ T7/8
Duration (days) - 51 97 5 56 4 151 1 54 89 - 71
Catch in numbers (X10® individuals) — 3.08 — 0.25 15.58 (.84 — 0.10 2.72 — — 2.87
L (mm) 28.8 — 35.2 - 39.3 — 40.4
L (mm) 30.2 - 36.2 - 39.3 - 40.6
W (mg) 185.2 — 360.4 - 516.6 — 567.2
W (mg) 225.2 - 380.5 - 563.8 — 612.7
2004 2005 2006
Fenlale Tll’ Tl’Z TZS TSS’ T3’3” T3”4 T45 TSS’ T5’6 T67 T77’ T7/8
Duration (days) - 51 97 5 56 4 151 1 54 89 — 71
Catch in numbers (X10® individuals) — 5.35 — 0.24 15.23 0.82 — 0.09 2.44 — - 3.54
L (mm) 27.6 — 35.4 — 40.5 — 41.9
L (mm) 29.4 - 36.5 - 40.9 - 42.1
W (mg) 164.3 - 372.5 - 579.8 — 651.9
W (mg) 208.3 - 389.3 - 638.0 — 699.1
2005 2006 2007
20()5 Class Male Tll’ Tl’Z T23 TSS’ TS’S” T3”4 T45 T55’ TS’B T67 T77’ T7’8
Duration (days) 1 54 89 — 71 - 146 — 56 98 - 65
Catch in numbers (X 10® individuals) 0.09 2.38 - - 11.96 — - — 3.85 — — 3.94
L (mm) 31.3 — 35.0 — 38.3 — 39.5
L (mm) 31.6 — 35.5 - 38.8 — 39.6
W (mg) 273.4 - 393.2 - 520.0 — 575.5
W (mg) 280.2 — 411.8 — 554.9 — 565.9
2005 2006 2007
Female Tll’ Tl’2 T23 T33’ T3’3” T3”4 T45 T55’ TS’E T67 T77/ T7’8
Duration (days) 1 54 89 — 71 - 146 — 56 98 — 65
Catch in numbers (X 10® individuals) 0.08 2.36 - - 9.89 — - - 3.46 - - 5.07
L (mm) 30.8 — 35.3 - 39.4 — 40.7
L (mm) 31.5 - 35.9 - 40.4 - 40.9
W (mg) 259.4 - 400.4 - 559.3 — 632.3
W (mg) 273.7 — 425.7 — 624.2 — 632.3
2006 2007 2008
2006 class Male
Tll’ Tl’2 TZS TSS’ TB’S” TS”4 T45 T55’ T5’6 T67 T77/ T7’8
Duration (days) - 56 98 — 65 — 151 2 46
Catch in numbers (X 10® individuals) - 1.39 — — 12.04 — - 0.01 1.84
L (mm) 27.2 - 32.9 — 38.2
L (mm) 29.3 — 34.1 - 38.7
W (mg) 176.7 — 315.6 - 495.7
W (mg) 228.0 — 353.2 — 510.6
2006 2007 2008
Fenlale Tll’ Tl’2 T23 TSS’ T3’3” TS”4 T45 T55’ T5’6 T67 T77/ T7’8
Duration (days) - 56 98 — 65 — 151 2 46
Catch in numbers (X 10® individuals) - 1.31 - - 8.85 — - 0.01 1.76
L (mm) 27.0 - 33.5 — 39.6
L (mm) 29.3 — 34.5 - 40.2
W (mg) 170.2 — 332.4 — 560.7
W (mg) 226.0 — 369.9 — 586.6
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Table1 continued

PRIE®EDK - faasil

2007 2008 2009
2007 Class Male Tll’ Tl’2 T23 T33/ T3’3” T3”4 T45 T55’ TS’G T67 T77/ T7/8
Duration (days) 2 46 102 - 60 — 156 - 51 93 — 66
Catch in numbers (X 10® individuals) 0.05 6.77 - - 15.69 — - - 3.84 - - 2.83
L (mm) 30.6 - 34.9 - 37.8 — 38.7
L (mm) 31.6 - 35.6 - 38.1 — 38.8
W (mg) 243.0 - 372.4 — 484.2 — 523.1
W (mg) 266.0 — 413.9 — 505.1 — 530.7
2007 2008 2009
Female ’I‘ll’ TI’Z T23 T33’ T3’3” Tﬂ”bl T45 T55’ T5’6 T67 T77’ T7’5
Duration (days) 2 46 102 — 60 — 156 — 51 93 — 66
Catch in numbers (X10® individuals) 0.05 6.34 - - 14.43 — - - 3.25 — — 2.56
L (mm) 30.8 — 35.2 — 38.7 — 39.9
L (mm) 31.6 - 36.5 — 39.5 — 40.0
W (mg) 252.5 - 391.5 — 529.2 — 584.6
W (mg) 268.9 — 450.0 — 565.9 — 587.9

L (W): body length (body weight) at the first capture of the fishing season

L (W) : average body length (body weight) of samples of the fishing season

Ly (body length at the first day of the survey in autumn fishing season at age 1): 1998 year class, male 38.8 mm, female 40.1 mm;
1999 year class, male 39.4 mm, female 40.8 mm; 2001 year class, male 38.2 mm, female 40.0 mm;

2003 year class, male 38.6 mm, female 39.5 mm; 2006 year class; male 38.3 mm, female 39.7 mm

L, (body length at the first day of the survey in spring fishing season at age 1): 2000 year class, male 40.7 mm, female 42.1 mm;
2002 year class, male 40.9 mm, female 42.2 mm; 2004 year class, male 40.4 mm, female 41.9 mm;

2005 year class, male 39.5 mm, female 40.7 mm; 2007 year class, male 38.7 mm, female 39.9 mm

—:no data
Blank: no appearance of the year class

W R

FRAMAK  19984E12H 7 520094F 6 H £ T HBIOkE
FHEC % Fig. 2 12m Uiz, B (10-12H) OFEMERIX
STOFEICBVT 2T, 0% (vEHK) BEE 1 (v-
1) BEroksniz, 0EHE 1ZHEOE L 0%
WHREICEDEL 5T, 0REEDNE D 2 E A 131998~
2002, 2004, B X U20074E T i3 61-88% T &H - 7z 45,
2003, 2005, 3 & UF20084E TIZ#750%, 20064 TIx#J 30
% WX 2o 7z (Table 2). 1998-20074E D 0 Rk
HWIHKEBY 2 FHERERIH I mmT [+ A 31.44+1.0
(BE#EF#) mm, 2 X 30.9+1.6mm], ;R TH>7zD
1F20014F (4 Z 32.9mm, 2 A 33.1mm), F/NTHo7
DIF20044FE (F A 29.8mm, A A 29.0mm) & 5 \>1F20084F
(FA28.9mm, XA29.4mm) Th-7z (Table?2). 2000,
2003, 2004, ¥ X U20065ED12H T, MEREE HI1C11H D
/AR (4 2 25.1-28.6 mm, 2 Z 23.1-28.2mm) K
D H/NS BEEBAHIR L, Y27 7 it s ki
MAL Tz,
FBIIADOEEMRIZE (b2 WIzH) kg, #
BT & 2 01k 2 I T - 72, il 131999-2001, 2003,
2005, B X UR0084FET, ZH 5 DFIX 0 EED A &K
ahtz, 218132002, 2004, 2006, 2007, ¥ &k V20094
TRDHNTz, THDDEIF20024E 2BV THERIK T £

6

THERE & b IR R 2 BT, 03RREE 1 REED S FERR S
iz, EEEIZ 0RETE <, 1RHEOEEIIA DR

EBIWEA LT (3HD17.0-51.0% 225 6 HD 10.0-21.2
9% ; Table 2), 20024ETI%, 4 A72UMMEHEE b2 2 I8
Thoiz.

L EDHREMHBOHER» S, HFar RO LS ICEREL
7z, 1998, 1999, 2001, 2003, # & U20064F#% T ix1.35%
GECHIF 1R THD 1 B 1 H), 200048 TlX
1.7% (1mERSo 5 A 1H), 2002, 2004, 2005, ¥ &
U2007FFZ T8 (1REWRPAKTROTALIH) &
L7,

BEX von-Bertalanffy O i E s X OVEER %
Fig. 3 1cm L7z, BEHRE D, KER 35 mm LR T X 2
BARX LD HREL o7, HRELHREORFRS L UK
% Fig. 4 2L 7z,

NFTA—FLEBRRHN (EEB) O #Hrsh
TBEWIHO T X -2, BFEREH BLUEFREE%
Table 3 127~ L 7z, 1998-20074Ef% D 0 LR o 91 &
R (V) o P2 &b ¥ T46.1-119.2 (F
B+ HER #282.6£23.7) (BB, WIEHESRE (B) Ofi
FH1%801-2,577 (1,888+585) b > Th -7z, N, & B X
WBEI0ER TR EE DKL Tz (Fig.5). N 7370
R (B1,800F >) ITFOIEARE L % 57220018 & O
20064F % T, XEFD N FROEERE (B, 2,161+ >)
PAEwE{E L7z, —7, FU EKET D - 72200344
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(N, 47 2(8F ; B, 1,028 b ) D ELED2004EMHK TIE N
(90.6(HF) IFEEL7-H DD, B 131,578 VI £ 5
7o, OFEEE 1REEZAHE L RERER EREFRERED
W% Fig.6 LR L7z, —FMO 5 bR ERBER SRS
& 72 2 REHRIE 20034 O B WA LARE % B v TR ABHARE
Wb, ©—rROREREHROHPI67.3-122.5 (91.8+
17.6) BRTh o7z, —7, MWEWEREI & & 75 5 K
122002-20044F 35 X O'20064F Tl HWHIBHIER 2 VW Id &
TARWBALERE, MOF CIRAKHEIBIGRC b > 72, REIR
EROEPIX1,942-2,974 (2,509+346) b > Th -7z,

A% RE T 2 ERDOKET Kl &8 TRRIC H 2 EIR
BEOMALL M/N, (B//B,) & OB%% Fig. 712w LTz,
22T, KEBBEINTH 2 6-10F 1281 3080840
AR E T d B AKEBE 20-50 m JE DFEHIE E Lz, N, (B)
Fy-1 FROBFKEFHBRROERRER (&), N
(B) Fy FROVWBHOVIEREHR (E&E) Ths., &
RS, BERE bI1g, FHKE & IAICIZIEDHBENEE
ol (p<0.05). FHKBEREL LB E bRV
AL i3 sEhnd 2 EFEDEE S 54, Ni/N, (B/By) HiZ¥
¥ 7K % 18.8-19.2°C T 1.6-3.8 (0.6-2.3), 20.2-21.2°C
T1.2-25.4 (0.7-10.4), 23.6°C T23.8 (9.6) WZ3EL 7.
KR 20.2-21.2°C TRIMAMLIZRE S EFHL 2, 20
AR E P T, MA D HR/NT H - 72 D 132003/20024F
(Fig. 7 ® X), AR TH > 72 D1F2002/20014 (Fig. 7 ®
A) Thol:, FHROEFRIL, #iHE (20029 D N,
(B)] TIX38.3(5E (1,571~ > i @BEIFEH/RTRS) T
Hol-DizxtL, %E [20014FHKD N, (B)] Tix4.7(%
E (208h > i AwEs>ns 2%&H) S khol,

z =

V7 T T EOQERRIIMHEREPHER LIk o TEL
T3EHEzZ5ND5 (K%, 1970 ; Omori et al., 1973 ; K
& &H, 1995). LoL, KEOLEFICHET 2T —4
IS, FETE2MbLbIRELTWwWS, 22T, BF=OD
HEE VDT HARIETCAR I M ZBRIZ A (1989) 12t > T
Kotz B RAKERMIZEATIC & > TV 2 7 T EDEN
FENEE, I Tws @A, 1987). Lo,
KEOINHA 1 HETK T35 2 & (Omori, 1969 ; X
7, 1970 ; K7R - EH, 1995) 2% 22 &, FOHREFEH
BFETaEiEEwicd v, 22T, BEERLERORLN &
BAHAREHFITNTOFHZRTIAIHERELZ, PED
FHEFEHIE L (2004) E[RETH -7z, 19984 LARE,
2002, 2004, 2005, B X U2007EFDOY 7 7 T EIX 1D
BRI E CTHE L, 20 X9 kEFaDER 131962-
19904E #% @ 5 510 (1965, 1966, 1967, 1969, 1970,
1974, 1977, 1988, 1989, I X 1r1990) 4K THD SN T
Wiz CFH, 1993). 20004Ffk Tl %1, Tk & L TEIR
BEEAELLS, 1.3 LTHELLEFIZS (2004)
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EDOMERF IS bT L Tho (M, TREHFIXFL L,
B, TI3+2.3%). A& CIIMERERNICEIRE 2 H#HEE L7
8, MEREZ % & TR 721998-20014E % (1@ FH1F 2,
2004) EDEB DTN TH- (N TIiZ-7.1-+3.3%,
B, TI3-3.0-+4.1%). 1998 D 7 5 = ETII,
RO HREHIZ30-46H (EATIZ17-26H, BT
F11-21H) &7 <, —HOBRZERR b BRI E T
TI2IEPBFEOTWI, 20X RIS OFIR T
HBHIZH b ST, 1998-200745% D W= 131961-1965
FERICHNE STz, bRAIC, BERIORESRI31998-
20074 Tld A 20.41-0.78, X 20.35-0.84TH>7-DIZ
®L, 1961-19654E% T120.23-0.35 (HH « wmF:, 1967)
W E e dp o Tz, 1998-20074% D 0 iRk IR O I E IR R
BN, 1346.1-119.2(% BB C, 1961-19654FE#% 12 B3 1 2 N,
(400-2,000f% ; HH « FH, 1967) D1/40-1/3D7K#E
HEoTwi, E—7ROKEFRER (HEE) OFREIR
N (B) OFgEICH~/NE L, ZoEMIZREFRER
THRTH - 7> (Fig.6). ZhlE, FRHICEET 20
FEEFND 1K FTERDO N,y B) BEWEHEICN
(B) 3% 7L %0, HiFERD Ns (B) P wigEic
N (B) %L x5 2B RT3, FBEN/NSV D
L EEB T ORIR 2 H 2 5 L, WEIVEDOREIREL
(E&E) OE—27EOMETH 2125E ($93,000  >)
EEDWET CHRIBICHEFECE 28 HO LR TH S
EWTRBE NI,

V277 T EQEIINC BT I hEDOSmE KB
20-50m &) OF¥AKE EMAL (M/N, & B/B,) X
EOHBE»ED sz (Fig. 7). > T, THROIALR
BPTE T 5 BRI IZEINA O KRS D D, IS4
DOEFIZAKEBIBREGS L Twa 2RI N, 5
Tk 2% 7 7 2 EhEDKE O#KIRIX18-25°Co #iFH
WIZdh 2 EINTW2S (Omori, 1971). FAKE20°CLL
TTIRMALB/NE VDT, HBRFICB T 2 II0804 05
AKEIF200CLAETH B Z e3F 2 otz —F, KA
20.2-21.2°CTIMALLIZ AR E S EB L7z, AL RK
i (2002/20014F, Fig.7 O A) & H&/IME (2003/20024E,
Fig. 7 o x) FHMROBFEREOZ DTG L, Hi#E Tk
HROBREND 2L, BETEErok, TR &
FEShRDFEIN D B Z LR E Nz, AR O KE
AL E BRI, ITFOBEOHME» S bHFEsh
%. Omori et al. (1973) 12 X AiE, FEIVHIWC B % K&
50 m ORI & &k CPUE 2 IZIEOAHBENH 5.
BAHE (1987) 12 k#iE, 1974-19854E12 513 3 CPUE @
BFBMR O M £ AIR18-25°COABLDE & & 138875 R
b5 (HH 2 U EDOFETIZABOE S OFHERZEIR 7S
2, 12 FOETIE~YAFR). —H, BAKBZEED
BREbEES Y 2, fEKEI-22°COHEB T, AiEE
A b LK OHEEIZEL %5 FEHIE», 2003).
WEIVEROERET — 8 ZHWIEHEE T VT, 24.5-
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Male Female Male Female
1998 Nov. 1998 Nov. 2000 Nov. 2000 Nov.
n=285 n=175 n=307 n=193
32.5mm 39.5 mm 329 mm 40.9 mm
. Pl _lllh
A A
1998 Dec. 1998 Dec. 2000 Dec. 2000 Dec.
n=276 n=50 n=256 n=39 n=373 n=227 n=362 n=238
33.9 mm 40.0 mm 33.5mm 39.7 mm 33.6 mm 39.9 mm 33.5 mm 41.1 mm
1T, L —ahdh
A A A
1999 Apr. 1999 Apr. 2001 Apr. 2001 Apr.
n=1523 n=1496 n=1.099 n=1,100
36.0 mm 36.0 mm 36.6 mm 37.2 mm
_IF’THH_L»_‘ !ﬁ;l!ﬂn ~H{‘_H-h‘rm
1999 May 1999 May 2001 May 2001 May
n=1036 n=1058 n=1,100 n=1,100
36.5 mm 37.0 mm 37.4 mm 38.8 mm M-
1999 June 1999 June 2001 June 2001 Junc _
n=347 n=357 n =200 n=200
37.1 mm 37.8 mm 38.1 mm 39.1 mm I
uil hx .—._F|_ —LL
1999 Nov. 1999 Nov. 2001 Nov. 2001 Nov.
n=386 n=205 n =488 n=107 n=302 n=98 n=325 n=74
31.0 mm 38.8 mm 30.0 mm 40.0 mm 32.9mm 40.0 mm 33.1 mm 41.9 mm
a.ﬁﬁgsﬁmmlhm A__icdﬂhbgn_m__‘_ i -i!ilg:_uiiiﬁ, n-l'lﬂ_ll ATk
A A A A
1999 Dec. 1999 Dec. 2001 Dee. 2001 Dec.
n=447 n=144 n=504 n=86 n=376 n=124 n=370 n=130
31.9 mm 39.2 mm 31.7mm 40.7 mm 323 mm 40.5 mm 32.1 mm 42.0 mm
‘____,_c[ﬂﬂ]:nj:‘m;_‘# -a.nﬁh! A dA.‘d]:tctE[m:E_:d]]L.m
A A A
2000 Apr. 2000 Apr. 2002 Apr. 2002 Apr.
n =500 n=500 n=1096 n=148 n=1018 n=182
357 mm 36.1 mm 35.1 mm 40.8 mm 357 mm 422 mm
A..usgiigh., “._‘c_d:[ﬂ:ﬂ}}_\xt_~ ,,.ﬁﬁgluil _,_rrﬂm'm'hm
A A
2000 May 2000 May 2002 May 2002 May
n=1260 n=1300 n=899 n =896
37.0 mm 37.8 mm 36.6 mm 37.4 mm
_ !I!i!h!,‘ _-I_FH_I—”-L‘_PL
2000 June 2000 June 2002 June 2002 June
n=200 n =200 n=100 n=100
36.9 mm 38.9 mm 37.8 mm 37.8 mm

0
20 24 28 32 36 40 44 48

Fig. 2(1)

20 24 28 32 36 40 44 48

20 24 28 32 36 40 44 48

Body length (mm)

20 24 28 32 36 40 44 48

Length frequency distributions of Sergestid shrimp (November 1998-June 2002). The values and

triangles indicate average body lengths and border lengths for distinguishing two year classes, respec-

tively
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A0 Male Female Male Female
2002 Nov. 2002 Nov. 2004 Nov. 2004 Nov.
30 n=252 n=248 n=433 n=65
29.8 383 29.0 393
20 No data No data mn mn mn mn
10 d h
0 A
40 2002 Dec. 2002 Dec. 2004 Dec. 2004 Dec.
3() pn=429 n=105 n=445 n=100 n=335 n=65 n=360 n=39
20 30.5 mm 383 mm 30.6 mm 40.1 mm 30.6 mm 392 mm 29.7 mm 39.9 mm
N !5!!
diitih ffh o
0 fhodin
A A A
40 1 5003w [ [
ar. 2003 Mar. 2005 Mar. 2005 Mar.
30 tn=100 n=95 3 F
20 37.6 mm L No fishing L No fishing
10 r r
0 m L T
40 .,
2003 Apr. 2003 Apr. 2005 Apr. 2005 Apr.
30 t n=595 n=594 n=496 n=497
20 36.5 mm 37.5mm M 359 mm 36.0 mm
10 el L il ]
0 [l t ‘gkli-
40 ) ) -
2003 May 2003 May 2005 May 2005 May
30 +n=877 n =885 _ n=495 n=498
20 36.9 mm 37.6 mm 36.5 mm 37.0 mm
10 _,_H-l{ -!-L.ﬂ, __rrH-]—I—ﬂ-‘m‘
0 :“ &sz-
—_~
<
E 40 1 3003 June 2003 June 2005 June 2005 June
> 30 fn=200 n=198 N
2 5 375 mm 38.1 mm No data No data
5]
=
o 10 l _J
E ;i Eu
m 0
40 2003 Nov. 2003 Nov. 2005 Nov. 2005 Nov.
30 [ n=43 n=141 n=64 n=123 n=131 n=369 n=131 n=367
20 312 mm 38.8 mm 29.5 mm 40.0 mm 31.8 mm 39.1 mm 31.6 mm 40.7 mm
o &t!!u lll!i!-
A A A
40
2003 Dec. 2003 Dec. 2005 Dec. 2005 Dec.
30 fn=21s n=172 n=284 n=108 n=334 n=159 n=352 n=146
20 30.6 mm 39.1 mm 29.2 mm 40.5 mm 31.4 mm 39.4 mm 31.4 mm 41.0 mm
10 M Il
0 :Emi. g ‘l, .‘--J‘ inm-nial-
A A A A
40 1 2004 Mar. [ 2004 Mar. [ 2006 Mar. [2006 Mar.
30 [n=135 n=53 t n=118 n=78 tF n=68 n=32 Fn=49 n=51
20 | 34.8 mm 41.2 mm | 35.8 mm 42.1 mm | 34.3 mm 40.4 mm | 34.5 mm 41.9 mm
10 [ ' il '
0 N el .
A A A A
40 2004 Apr. 2004 Apr. 2006 Apr. 2006 Apr.
30 Fn=s82 n=315 n=574 n=318 n=736 n=667 n=232
20 35.6 mm 40.9 mm 36.0 mm 42.0 mm 35.0 mm 353 mm 41.9 mm
10 llhth bl il
A A A
40 2004 May 2004 May 2006 May 2006 May
30 | n=4s8 n=139 n= 467 n=133 n=703 n=197 n=653 n=244
20 36.5 mm . 41.6 mm 37.5mm _ 43.1 mm 36.1 mm 40.7 mm 36.4 mm 422 mm
0 - w..vuﬂ b -H'HL diii T
A A A A
40
2004 Junc 2004 Junc 2006 Junc 2006 June
30 tn=152 n=41 n=158 _ n=40 n=180 n=20 n=166 n=34
20 373 mm ' 41.9 mm 38.2mm 43.1 mm 36.4 mm 40.9 mm 36.6 mm 423 mm
10
T i
0 A y A A
20 24 28 32 36 40 44 48 20 24 28 32 36 40 44 48 20 24 28 32 36 40 44 48 20 24 28 32 36 40 44 48
Body length (mm)
Fig.2(2) Length frequency distributions of Sergestid shrimp (November 2002-June 2006). The values and triangles

indicate average body lengths and border lengths for distinguishing two year classes, respectively
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40 Male ) Female Male ) Female
[ 2006 Oct. =180 2006 Oct. n=164 2008 Oct. 2008 Oct.
30 =20 tn=35 F F
~ 38.5 mm 28.9 mm 40.2 mm L
20t Feo F No fishing + No fishing
10 F H L
0
A
40 2006 Nov. 2006 Nov. 2008 Nov. 2008 Nov.
30 tn=36 n=463 n=28 n=472 n=174 n=326 n=186 n=314
20 30.7 mm 38.7 mm 29.7 mm 40.5 mm 28.9 mm 38.0 mm 294 mm 39.5 mm
10 ig
) il
A A A
40 2006 Dec. 2006 Dec. 2008 Dec. 2008 Dec.
30 tn=317 n=383 n=336 n=363 n=360 n=240 n=431 n=169
29.1 mm 39.1 mm 29.2 mm 40.5 mm 29.7 mm 38.1 mm 29.4 mm 39.5 mm
20
0 .xn‘!ﬁl!i" ui Ewu .u, la [Rifl
A A A A
40 12007 war. [ 2007 Mar. [ 2009 Mar. [ 2009 Mar.
30 1 F Fn=68 n=32 Fn=83 n=17
20 + No fishing L No fishing | 30.2 mm 382 mm | 30.7 mm 39.4 mm
ol _ ;uuﬂ..iﬂ&Lﬂ‘IIALuLu ’
iy El‘g ln ug & A‘[L
0 d L s IO
A A
40 2007 Apr. 2007 Apr. 2009 Apr. 2009 Apr.
30 n=721 n=279 n=619 n=381 n=467 n=133 n=478 n=121
20 33.4 mm 39.4 mm 33.7 mm 41.0 mm 31.8 mm 38.7 mm 32.0 mm 39.9 mm
10 Mﬁ#;c[ﬂhliﬂlhﬁu
0 b, miiin.dh Ak
A A A A
40 2007 May 2007 May 2009 May 2009 May
30 [ n=799 n=201 n=665 n =335 n=604 n=196 n=598 n=201
20 34.0 mm 39.6 mm 34.4 mm 40.8 mm 32.7 mm 38.7 mm 33.2mm 40.2 mm
10 Ihath
ol T A dh,
0 A A
A A
40 2007 June 2007 June 2009 June 2009 June
30 tn=219 n=81 n=187 n=110 n=88 n=88 n=12
20 349 mm 39.8 mm 35.5S mm 40.8 mm 332 mm 34.1 mm 40.5 mm
10 :I!l
i Chaatiin
0 A A [}
40 20 24 28 32 36 40 44 48 20 24 28 32 36 40 44 48
2007 Nov. 2007 Nav.
30 n=475 n=125 n=471 n=129
20 31.0 mm 38.5 mm 31.0 mm 40.1 mm
10 il
..ul i X._ A
0
A A
40 2007 Dec. 2007 Dec.
30 fn=391 n=109 n=392 n=108
20 322 mm 38.9 mm 322 mm 40.3 mm
0 Al hedh,
A A
40 2008 Apr. 2008 Apr.
30 n=1.100 n=1100 _
20 35.1 mm 35.5mm |
10 Pl Mo
0 1
40 1508 May 2008 May
30 tn=700 n=700 .
20 359 mm 36.8 mm 1h
0
40 2008 Junc 2008 Junc
30 n=100 n=100 M
20 35.9 mm 1 37.1 mm H
10 ) I I'lr L
[

0 1 b
20 24 28 32 36 40 44 48

Fig. 2(3)
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Body length (mm)

Length frequency distributions of Sergestid shrimp (October 2006-June 2009). The values and triangles

indicate average body lengths and border lengths for distinguishing two year classes, respectively
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Table 2 Year class composition (%) of Sergestid shrimp based on the length frequency distribution

Year class
Year Fishing season y-1 y-2
Male Female Male Female Male Female
1998 Autumn Nov. - (=) - (=) - (=) - (=)
Dec. 84.7(33.9)  86.8(33.5) 15.3(40.0)  13.2(39.7)
Total 84.7 86.8 15.3 13.2
1999 Spring  Apr. 100 (36.0) 100 (36.0)
May 100 (36.5) 100 (37.0)
June 100 (37.1) 100 (37.8)
Total 100 100
Autumn Nov. 65.3(31.0) 82.0(30.0) 34.7(38.8)  18.0(40.0)
Dec. 75.6(31.9)  85.4(31.7) 24.4(39.2) 14.6(40.7)
Total 70.5 83.7 29.5 16.3
2000 Spring  Apr. 100 (35.7) 100 (36.1)
May 100 (37.0) 100 (37.8)
June 100 (36.9) 100 (38.9)
Total 100 100
Autumn Nov. 62.0(32.5) 61.4(32.9) 38.0(39.5)  38.6(40.9)
Dec. 62.2(33.6)  60.3(33.5) 37.8(39.9)  39.7(41.1)
Total 62.1 60.8 37.9 39.2
2001 Spring Mar. - (=) - (=)
Apr. 100 (36.6) 100 (37.2)
May 100 (37.4) 100 (38.8)
June 100 (38.1) 100 (39.1)
Total 100 100
Autumn Nov. 75.5(32.9) 81.5(33.1) 24.5(40.0) 18.5(41.9)
Dec. 75.2(32.3)  74.0(32.1) 24.8(40.5)  26.0(42.0)
Total 75.3 77.3 24.7 22.7
2002 Spring  Mar. - (=) - (=) - (=) - (=)
Apr. 88.1(35.1)  84.8(35.7) 11.9(40.8) 15.2(42.2)
May 100 (36.6) 100 (37.4)
June 100 (37.8) 100 (37.8)
Total 93.4 91.7 6.6 8.3
Autumn Oct. - (=) - (=) - (=) - (=)
Nov. - (=) - (=) - (=) - (=)
Dec. 80.3(30.5)  81.7(30.6) 19.7(38.3) 18.3(40.1)
Total 80.3 81.7 19.7 18.3
2003 Spring  Mar. 100 (37.2) 100 (37.6)
Apr. 100 (36.5) 100 (37.5)
May 100 (36.9) 100 (37.6)
June 100 (37.5) 100 (38.1)
Total 100 100
Autumn Oct. - (=) - (=) - (=) - (=)
Nov. 23.4(31.2) 34.2(29.5) 76.6(38.8)  65.8(40.0)
Dec. 55.6(30.6) 72.4(29.2) 44.4(39.1)  27.6(40.5)
Total 45.2 60.1 54.8 39.9
2004 Spring  Mar 71.8(34.8)  60.2(35.8) 28.2(41.2)  39.8(42.1)
Apr. 64.9(35.6)  64.3(36.0) 35.1(40.9)  35.7(42.0)
May 76.7(36.5) 77.8(37.5) 23.3(41.6)  22.2(43.1)
June 78.8(37.3) 79.8(38.2) 21.2(41.9)  20.2(43.1)
Total 70.8 69.8 29.2 30.2
Autumn Nov. 50.4(29.8) 86.9(29.0) 49.6(38.3) 13.1(39.3)
Dec. 83.8(30.6)  90.2(29.7) 16.2(39.2) 9.8(39.9)
Total 65.2 88.4 34.8 11.6
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Table 2 continued

Year class
Year Fishing season y y-1 y-2
Male Female Male Female Male Female
2005 Spring  Apr. 100 (35.9) 100 (36.0)
May 100 (36.5) 100 (37.0)
June - (=) = (=)
Total 100 100

Autumn Nov.  26.2(31.8) 26.3(31.6) 73.8(39.1)  73.7(40.7)
Dec.  67.7(31.4) 70.7(31.4) 32.3(39.4)  29.3(41.0)

Total 46.8 48.5 53.2 51.5

2006 Spring  Mar. 68.0(34.3)  49.0(34.5)  32.0(40.4) 51.0(41.9)
Apr. 82.0(35.0)  74.2(35.3) 18.0(40.4)  25.8(41.9)
May 78.1(36.1)  72.8(36.4)  21.9(40.7)  27.2(42.2)
June 90.0(36.4)  83.0(36.6) 10.0(40.9)  17.0(42.3)
Total 80.4 73.2 19.6 26.8

Autumn Oct. 10.0(28.0)  17.6(28.9) 90.0(38.5)  82.4(40.2)

Nov.  7.2(30.7) 5.6(29.7) 92.8(38.7)  94.4(40.5)
Dec.  45.3(29.1) 48.1(29.2) 54.7(39.1)  51.9(40.5)
Total 26.7 28.5 73.3 71.5

2007 Spring  Apr. 72.1(33.4)  61.9(33.7)  27.9(39.4)  38.1(41.0)
May 79.9(34.0)  66.5(34.4)  20.1(39.6)  33.5(40.8)
June 73.0(34.9)  63.0(35.5)  27.0(39.8)  37.0(40.8)
Total 75.9 64.3 24.1 35.7

Autumn Nov.  79.2(31.0)  78.5(31.0) 20.8(38.5) 21.5(40.1)
Dec. 78.2(32.2)  78.4(32.2) 21.8(38.9) 21.6(40.3)

Total 78.7 78.5 21.3 21.5

2008 Spring  Apr. 100 (35.1) 100 (35.5)
May 100 (35.9) 100 (36.8)
June 100 (35.9) 100 (37.1)
Total 100 100

Autumn Nov. 34.8(28.9)  37.2(29.4) 65.2(38.0)  62.8(39.5)
Dec. 60.0(29.7)  71.8(29.4) 40.0(38.1)  28.2(39.5)

Total 48.5 56.1 51.5 43.9

2009 Spring  Mar. 68.0(30.2) 83.0(30.7)  32.0(38.2) 17.0(39.4)
Apr 77.8(31.8)  79.8(32.0)  22.2(38.7)  20.2(39.9)
May 75.5(32.7)  74.8(33.2)  24.5(38.7)  25.2(40.2)
June 88.0(33.2)  88.0(34.1) 12.0(39.7)  12.0(40.5)
Total 76.7 78.0 23.3 22.0

Values in the parentheses indicate the average body length (mm)
—: no data
Blank: no appearance of the year class
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Fig.3 Estimated von-Bertalanffy growth curves of Sergestid shrimp (solid and broken lines indicate male
and female, respectively). Closed and open circles indicate male and female of average body length of

samples at each month, respectively
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Table 3 Estimated fishing parameters and stock abundance in year classes of 1998-2007

Year class Ty, Tos Tsa Tys Tse Tz T7s
1998  Male F 0.20 - 1.34 —1.79
M 0.13 0.23 0.15 0.36 0.13
Z 0.33 0.23 1.49 0.36 1.92
S 0.72 0.79 0.23 0.70 0.15
E 0.17 - 0.70 — 0.79
N (X10® individuals)  53.1 38.1 30.2 6.8 4.8
B (t) 1,411 1,141 985 264 214
Female F 0.24 - 1.80 — .70
M 0.13 0.23 0.15 0.36 0.13
Z 0.37 0.23 1.95 0.36 2.83
S 0.69 0.79 0.14 0.70 0.06
E 0.20 - 0.79 — 0.89
N (X10® individuals) 47.4 32.8 26.0 3.7 2.6
B (t) 1,166 944 938 149 129
Total N (X10® individuals) 100.5 70.9 56.2 10.5 7.4
B (t) 2,577 2,085 1,923 413 343
1999 Male F 0.24 — 1.29 - 1.76
M 0.13 0.23 0.15 0.37 0.12
Z 0.37 0.23 1.44 0.37 1.88
S 0.69 0.79 0.24 0.69 0.15
E 0.20 - 0.68 - 0.79
N (X10® individuals) 53.1 36.6 29.1 6.9 4.8
B (t) 1,229 1,057 1,092 291 242
Female F 0.29 — 1.29 - 1.98
M 0.13 0.23 0.15 0.37 0.12
Z 0.42 0.23 1.44 0.37 2.10
S 0.66 0.79 0.24 0.69 0.12
E 0.23 - 0.68 - 0.83
N (X10® individuals)  50.6 33.3 26.5 6.3 4.4
B (t) 1,021 941 1,071 294 249
Total N (X10® individuals) 103.7 69.9 55.6 13.2 9.2
B (t) 2,250 1,998 2,163 585 491
2000 Male F 0.17 — 1.39 — 1.19 1.78
M 0.10 0.19 0.14 0.31 0.11 0.19 0.07
Z 0.27 0.19 1.53 0.31 1.30 0.19 1.85
S 0.76 0.83 0.22 0.73 0.27 0.83 0.96
E 0.15 - 0.71 — 0.66 0.81
N (X10® individuals) 42.5 32.4 26.7 5.8 4.3 1.2 1.0
B (t) 1,194 1,050 1,051 252 214 60 52
Female F 0.16 — 1.33 — 0.95 — 1.94
M 0.10 0.19 0.14 0.31 0.11 0.19 0.07
Z 0.26 0.19 1.47 0.31 1.06 0.19 2.01
S 0.77 0.83 0.23 0.73 0.35 0.83 0.14
E 0.14 - 0.69 — 0.58 — 0.83
N (X10® individuals)  40.0 30.7 25.3 5.8 4.3 1.5 1.2
B (t) 1,147 1,023 1,041 268 234 84 74
Total N (Xx10® individuals) 82.5 3.1 52.0 11.6 8.6 2.7 2.2
B (t) 2,341 2,073 2,092 520 448 144 126
2001  Male F 0.30 - 1.82 — 1.60
M 0.13 0.22 0.17 0.35 0.13
Z 0.43 0.22 1.98 0.35 1.73
S 0.65 0.80 0.14 0.71 0.18
E 0.24 - 0.78 - 0.73
N (x10® individuals)  35.2 23.0 18.4 2.5 1.8
B (t) 951 733 711 108 85
Female F 0.34 - 1.81 - 1.85
M 0.13 0.22 0.17 0.35 0.13
Z 0.47 0.22 1.98 0.35 1.98
S 0.63 0.80 0.14 0.71 0.14
E 0.27 - 0.78 — 0.77
N (x10® individuals) 31.6 19.8 15.8 2.2 1.5
B (t) 849 638 641 100 84
Total N (x10® individuals) 66.8 42.8 34.2 4.7 3.3
B (t) 1,800 1,371 1,352 208 169
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Table 3 continued

Year class Ty, Tos Tsa Tys Tse Tz T7s
2002  Male F 0.10 0.57 - 0.26 0.87
M 0.11 0.18 0.14 0.30 0.11 0.19 0.14
Z 0.21 0.18 0.71 0.30 0.37 0.19 1.01
S 0.81 0.84 0.49 0.74 0.69 0.83 0.37
E 0.08 - 0.41 — 0.22 0.55
N (X10° individuals)  63.1 51.2 42.7 21.0 15.6 10.8 8.9
B (t) 1,185 1,267 1,443 838 782 571 509
Female F 0.11 0.64 —  0.25 1.11
M 0.11 0.18 0.14 0.30 0.11 0.19 0.14
Z 0.22 0.18 0.78 0.30 0.36 0.19 1.25
S 0.80 0.84 0.46 0.74 0.70 0.83 0.29
E 0.09 - 0.44 - 0.22 0.63
N (X10° individuals)  56.1 45.0 37.5 17.3 12.3 8.9 7.4
B (t) 976 , 1,319 733 702 520 465
Total N (xX10° individuals) 119.2 96.2 80.2 38.3 27.9 19.7 16.3
B(t) 2,161 2,362 2,762 1,571 1,484 1,091 974
2003 Male F 0.12  — 1.62 —  2.65
M 0.13 0.22 0.17 0.37 0.12
Z 0.25 0.22 1.79 0.37 2.77
S 0.78 0.80 0.17 0.69 0.06
E 0.11 - 0.75 - 0.90
N (X10° individuals)  25.2 19.6 15.7 2.6 1.8
B (t) 601 577 585 110 88
Female F 0.20 2.21 2.52
M 0.13 0.22 0.17 0.37 0.12
Z 0.33 0.22 2.38 0.37 2.64
S 0.72 0.80 0.09 0.69 0.07
E 0.17 — 0.84 0.89
N (X10° individuals) 22.0 15.8 12.6 1.2 0.8
B (t) 427 499 54 44
Total N (X10° individuals)  47.2 35.4 28.3 3.8 2.6
B (t) 1,028 1,016 1,084 164 132
2004  Male F 0.08 — 092 — 049 —  1.99
M 0.10 0.20 0.13 0.30 0.11 0.18 0.14
Z 0.18 0.20 1.05 0.30 0.60 0.18 2.13
S 0.83 0.82 0.35 0.74 0.55 0.84 0.12
E 0.07 - 0.56 — 0.37 0.82
N (X10° individuals)  43.0 35.9 29.5 10.3 7.6 4.2 3.5
B (t) 797 897 1,026 434 394 225 98
Female F 0.13 - 0.94 - 0.41
M 0.10 0.20 0.13 0.30 0.11 0.18 0.14
Z 0.23 0.20 1.07 0.30 0.52 0.18 2.98
S 0.80 0.82 0.34 0.74 0.59 0.84 0.05
E 0.11 - 0.52 — 0.32 0.90
N (X10° individuals) 47.6 37.9 31.2 10.7 7.9 4.7 3.9
B (t) 781 901 1,121 480 458 287 255
Total N (x10° individuals) 90.6  73.8 60.7 21.0 15.5 8.9 7.4
B (t) 1,578 1,798 2,147 914 852 512
2005 Male F 0.06 - 0.61 — 0.53 -
M 0.11 0.18 0.14 0.29 0.11 0.20 0.13
Z 0.17 0.18 0.75 0.29 0.64 0.20 3.36
S 0.84 0.84 0.47 0.75 0.53 0.82 0.03
E 0.06 - 0.43 - 0.39 0.93
N (x10° individuals)  39.7 33.5 28.0 13.2 9.9 5.2 4.3
B (t) 1,086 1,078 1,110 583 512 281 44
Female F 0.07 0.48  —  0.39
M 0.11 0.18 0.14 0.29 0.11 0.20 0.13
Z 0.18 0.18 0.62 0.29 0.50 0.20 3.01
S 0.84 0.84 0.54 0.75 0.60 0.82 0.05
E 0.06 - 0.35 — 0.31 0.91
N (x10° individuals)  40.0 33.5 28.0 15.1 11.3 6.8 5.6
B (t) 1,036 056 1,120 694 629 401 353
Total N (Xx10° individuals) 79.7 .0 56.0 28.3 21.2 12.0 9.9
B (t) 2,122 2,134 2,230 1,277 1,141 682 597
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Table 3 continued

Year class T, T, Ts, Ty Ty Te, T
2006  Male F 0.06 — 1.45 — 1.79
M 0.13 0.23 0.16 0.36 0.11
V4 0.19 0.23 1.61 0.36 1.90
S 0.82 0.79 0.20 0.70 0.15
E 0.05 — 0.72 — 0.81
N (X10® individuals) 25.6 21.1 16.6 3.3 2.3
B (t) 451 477 525 123 114
Female F 0.07 — 1.24 — 1.67
M 0.13 0.23 0.16 0.36 0.11
V4 0.20 0.23 1.40 0.36 1.78
S 0.81 0.79 0.25 0.70 0.17
E 0.06 — 0.67 — 0.79

B (t) 350 379 440 132 128
Total N (X10® individuals) 46.1 37.8 29.8 6.6 4.6
B (t) 801 856 965 255 242
2007  Male F 0.16 — 0.81 — 0.64 — 2.03
M 0.10 0.21 0.12 0.31 0.10 0.19 0.13
Z 0.26 0.21 0.93 0.31 0.74 0.19 2.16
S 0.77 0.81 0.39 0.73 0.48 0.83 0.12
E 0.14 — 0.53 — 0.45 — 0.83
N (X 10® individuals) 47.4 36.5 29.8 11.7 8.6 4.1 3.4
B (t) 1,152 1,056 1,179 482 415 206 178
Female F 0.17 — 0.86 — 0.63 — 2.53
M 0.10 0.21 0.12 0.31 0.10 0.19 0.13
Z 0.27 0.21 0.98 0.31 0.73 0.19 2.66
S 0.76 0.81 0.38 0.73 0.48 0.83 0.07
E 0.15 — 0.55 — 0.45 — 0.88
N (X10® individuals) 42.4 32.4 26.4 10.0 7.3 3.5 2.9
B (t) 1,072 974 1,034 435 385 193 169
Total N (X10® individuals) 89.8 68.9 56.2 21.7 15.9 7.6 6.3
B (t) 2,224 2,030 2,213 917 800 399 347

F: fishing mortality coefficient
M: natural mortality coefficient
Z: total mortality coefficient

S: survival rate

E: exploitation rate

N (B): stock number (stock biomass) at the first day of the fishing season

—: no data
Blank: no appearance of the year class
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Appendix Number of catch (X108 in each year class of Sergestid shrimp

Fishing seasons

Year class
Autumn (age0) Spring (age(0) Autumn (agel) Spring (age1)
1998 Male 9.12 21.04 3.76
Female 9.41 20,62 2.30
Total 18.53 41.66 6.06
1999 Male 10.58 19.72 3.77
Female 11.82 17.93 3.59
Total 22.40 37.65 7.36
2000 Male 6.22 18.89 2.80 0.77
Female 5.61 17.49 2.48 1.01
Total 11.83 36.38 5.28 1.78
2001 Male 8.44 14.37 1.30
Female 8.42 2.39 1.18
Total 16.86 26.76 2.48
2002 Male 5.34 17.34 3.36 4.88
Female 5.23 16.57 2.69 4.70
Total 10.57 33.91 6.05 9.58
2003 Male 2.65 11.86 1.63
Female 3.74 10.64 0.72
Total 6.39 2.50 2.35
2004 Male 3.08 16.67 2.82 2.87
Female 5.35 16.29 2.53 3.54
Total 8.43 32.96 5.35 6.41
2005 Male 2.47 11.96 3.85 3.94
Female 2.44 9.89 3.46 5.07
Total 4.91 21.85 7.31 9.01
2006 Male 1.39 12.04 1.85
Female 1.31 8.85 1.77
Total 2.70 20.89 3.62
2007 Male 6.82 15.69 3.84 2.83
Female 6.39 14.43 3.25 2.56
Total 3.21 30.12 7.09 5.39

Blank: no appearance of the year class
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