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Verification of Age and Spawning Hypothesis of Pacific
Saury Based on an Offspring-Parent Model

Yutaka Isoba and Yasunori SAKURAI

A hypothesis explaining age and spawning of Pacific saury, Cololabis saira, is tested using a simple offspring-parent
model for five cases: 1) spawning at | year, life span=1 year; 2) spawning at 1 to 1.5 years, life span=1.5 years; 3)
spawning at 1.5 years, life span=1.5 years; 4) spawning at 1.5 to 2 years, life span=2 years; 5) spawning at 2 years, life
span=2 years. The response of model stock in each case was analytically investigated by the following two idealized
forcings: one is the sudden occurrence of a large year-class, and the other is the time-varying reproductive rate as a sim-
ple sine curve. The curious relationship between fish stock and ratio of size-class strength (i.e. the proportion of large-
size saury increased when the stock was large) was predicted only for an assumed spawning age of 1.5-2 years and a
life span of 2 years. Finally, a model using this spawning age and life span was used with catch data to estimate tempo-

ral variations in the reproductive rate during 1958-1992.

Key words: Pacific saury, offspring-parent model, life span, spawning age

EC oI
=, Cololabis saira, ALK FEFEMIER 2 & TRELVE £ &
IR L, ZRET - I E v EEdnicmEd 5. 72,
HATTOY v <l &R 4 IR X LRESE
FDbd NN TE (B8, 1979). 25 L7=%
RADMEHD 7=121%, KHEDEHD - B L et - BEIR
HEDEANEEFERE AL LI L LT, EEIMRBAER
DHEEDE/EL LU, & LIN6OEFHRREBSEET
B0THIUL, BRI ODONTOEGEHOERRLBKKDLE
), HhCOMREERTIMLERDS. LirL, K
2T 3 I h6DHIRIE, H< 2R Thh T3
E2nbo6d, BEE THR—LERBIZES L THAL,
v DEREREICEL TR, ThETHBPERA Y
ERWTEL DWEAE ENT WS, KEDE L&D
I, BEME L THRE29mZE A 3 KBTS 5
D25, ZHLUTORIE - NUEENREL TS (BE
EH, 1990). 1970FRE TOMEIZHIT 2 HEEHHIT,
LSEEEE VIR, 1991) A6 44E3E (Hatanaka, 1955) £ T&
D, MEHFCL->TRESHEL T, 208, Hr=
DHAICHMEEN AR R S (EHIEH, 1985), Zhn

19994F-9 F 30 H 3 A, 20004F-3 F 16 H 33

AvHEE AR B

Faculty of Fisheries, Hokkaido University, 3—1~1 Minato-cho, Hakodate
0410821, Japan

HEGT® 5 Z & BSEFHHEERIC L D IEZE &/~ (Watanabe
and Kuji, 1991). ZOHIEIZL T, 3V <i3wL» 5%
FHETHRE20em UNEIF) KRBT A Z L, 1A
KB F C#T S5 Z & (Watanabe et al., 1988), % L THdH
ERETH2HETH 2N (BINIEs, 1992) & L 2R
RxhTnwa, LaL, ACHBEEFERICE»2DET,
Yo DR KUBERHIZMEERIC L > TEAKEL
#7255 TWvy3d, Watanabe et al. (1988) (2F i & | & FLFE
LoTkh, ThICEDEEEEH, (1990) BEH 5 Fkiz
W XN A AMEIIATFOKE Eh, PRIBIXRTE, S Y
FlZhrFTOEEFH, PHATYFEEEEZhEE L T
%. —7, Suyama et al. (1996) ZREFME 2L L, /D
T & KAV HT B LU A EOFK A S h, iy
BIIFAIEOE,ICHAEThEEL TS, ZOLSIZHE
TE VDA RIZ DT OEWEER A RIS E %
EEBREETh TS,
ZO&HERRICZENTY, YU vHEFEETFE 0T
W6 TAC (FFAIER) 12Xk 3 EREHE A KEENZEHIC
BESREN TS, 22T, KA Y v > DEE & B
HNZBE T 3 a0l A A bE & B 1~2 FOHBIZ B W
TEFMET B E2EAZ. ZLT, EDTFLEAL
WTLITIZEdR§ 24 v v OEIRFES RS RS BETE
LOEHN. ThbE, KifROEME, ZhETn
TR SR 4 & &1 FFdr & BEURRR N CREDREEmh 2 143 &

—T7—



422

8OO e .
= :
2
-
Q
4
©
[
0 Iliil19I|106||lllll_lllltillll!l!ll!ll||II!3
70 80 90 93
1
= M/\/\/\/\/\/\\f\/—\/
F
=) -
=~
= M
0 TTTT T T YT T I T T T A T T T T T T I I T FT T iiyTey
2 60 70 80
Year
Figure 1. Catches of Pacific saury (Cololabis saira) and ratio

between large (>29 cm) and middle (23-29 cm) size classes
during 1952-1993. Dotted outline shows the period with cor-
rected catches by Takahashi (1997).
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Figure 2. Schematic view of age and spawning hypothesis for

five cases with spawning ages of 1Y(a), 1-1.5Y(b), 1.5Y(c),
1.5-2Y(d), 2Y(e) (see text). Thick and dotted lines represent
schematic probability distribution of spawning age. Modeled
spawning age is shaded.
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Figure 3. Conceptual models for 1-1.5Y(a) and 1.5-2Y(b). A;
parent, L; offspring, the superscript-n; year, subscript -s;
spring and - a; autumn. Parameters of ¢,  and y are survival
rates at each life stage as schematically indicated.
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Figure 4. Catches in spring (O) and autumn (@), and the ratio of size-class strength in autumn for cases of 1Y (a), 1-1.5Y(b), 1.5Y (¢),
1.5-2Y (d) and 2Y (e), as the response to occurrence of a large year-class at n=3.
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Figure 5. Same as Fig. 4 but forcing model of reproductive rate B(n) with 5-year period (see upper panel).
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Figure 6. Same as Fig. 4 but forcing model of reproductive rate B(n) with 15-year period (see upper panel).
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Figure 7. Reproductive rate B(n) estimated using the 1.5-2Y
model and catch data of Pacific saury for y,=7,=0.2. Lower
two panels are catches and ratio of size-class strength in au-
tumn. Thin and thick lines show the observed and modeled
values, respectively.
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