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Response of Fish Populdtion to a Time-varying Survival Rate of

Offspring or Fishing Rate of Parent

Yutaka Isopa

Abstract

The response of fish stock (4) and catch (F) was investigated in a time-varying survival rate (8>0) of
offspring or fishing rate (0<f < 1) of parent, by using a simple logistic reproductive model. In the case of
periodical g-forcing, a phase of A (or F) abundance lags 0°~90° from a time of maximum-g (>1) when fis a

constant and 4 << 4, (4, : maximum Carrying Capacity).

In the case of periodical f-forcing, the phases of 4, F

and f change in the order of 4 > F — f when =1 and 4<<4,. At the stock level of A~4,/2, the temporal

variation of A generated by 8- or f-forcing becomes small.

Key words : Fish stock, Catch, Survival rate, Fishing rate, Logistic reproductive model

i L & IC

AEGEOLTENIESEM I ZERELTH L L Hbh,
RATY e BN e AN AL AR DFRRETERAOE
W NEAEZBUELTWS, Lal, IhoDRERR
BOERE LT, BE (X7-3ER) ZEICL2 b0 LH
EEOLEZL2b02RAT 52 Li3EEL W (I,
1993), Z T, BEERIC L 2HE - GREXE LI, &R
BABSOZEAL « ¥ & 2 IR ROl « SERECH
29 < A L OFFBR - AHROEE (B —Bbh
Z0B%) ZEBBUTERZOLOOEFRSEL I NS
BEEVI, Z0LIBBROFT, TAC GFRRESR)
RIIUBHETHEFEREETE, L b HBREEKIC
L 2 BEEEHOWS 2 HINBREN S DT v ¥ LisiR
ELELTHEIRTFEEEAL, T L THERICLS
BRELHmUTWS, 2ROz, REEIC L > THICEED
ZEH L T\ 2 ABEOEREEICIIBSNT 505, BRERIC
EBBEREKT 5. TOBRICBWT, L ZAERC
B ERLCIThOBERE2F & UTHREOEFESEH L
TVBDP2ETHIS Z LKYITH 5,

BEOWELIEVES L E, LELIE-KOKICHERE
£ CPUE (Bh4U» ¥R ORRIIKI rhs (H
b, 1985), BlziE, HIBBRFICHAZ D, WEOBRLHED
>N T CPUE »3#Eh0 L, [FIFRIC HOER b 3N, Z DR, B
ETEDOEENREWEEIZE, 2T CPUENEY, HL%
B THIEDSEA L, SEREIC k-7 cHlisns, Z

DL REBRIFEFCHE L X5 B L 50, B -
FEOThOEENKE H T, BEO R - R
WOTHo DL TE 2FEREFATWS, Z0OE
i3, ¥R L CPUE (~&HEE) OBy —H
TTATERNG (E 2 RAES) Th3B.

Frwlx, MR ABEOFEERR, TbLAN
BABEIIRCBENAELTHZEEBIZ LA L TH S,
NBRBIIRO R % afEE, @<{FAUKE 2 DRERE
(21 3BEOEE) 220 TCEEIBA L TH, BFEOME
B3 2EEIELCRE5THB S, g, ALLOER
W o CEESENL THRBENEEIGLIOEoNT,
ZOWIRITRECHZONETHES, ZOLI3EEZ
i, WHEES CPUE OEIN-BAE, ZOERELUTH
N2 EE) 7 — > OOMERRIE, SAREXD DABER
BINRLBRENEFREOBRIBCRAL WL I Lk
5. bL, BAMBZID I L EFERBONERFEETD
- THITE, BEERI X 2 EEELHOEEPRED
BEVANVERNZFEENY 2182 2 LB TE B, .

72T, AHRTIIEENLERE - REREETHEAIS N
DEFEREE TV EAWT, S L EE R ER
BEFHOMAABRE NHBERMEINEDE D & > TEHE
L, ZOEHESRT 3, 2L, BohlER L HIF
£ (~CPUE) OZE Y — > oifiic, BEERE LT
B BB A TS 2 0ELEZ LD S,

Laboratory of Marine Environmental Science, Graduate School of Marine Science Fisheries, Hokkaido University

(LgERERF A ER TR R IR R )



K Kk E & #H 540) 2003
[2] E, = o [1]
B.<1 )
B.,>1 s
4 50 .... An An .
J, < [ 7 —> A, =
=8, E, (Ay/2) 40 —tons
x
£,70

v

[3]

Fig. 1.
of one life stage becomes the abscissa of the next.
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Schematic view of 3-stage life-history model (A,— E,— J,— A,.,*) used in this study (see text).
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Fig. 2. The upper panel is the variation of survival rate 3,
with a period of T=20. The lower panel is the
temporal variations of A4,*(y) as response to S,
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Fig. 3. Temporal patterns of S;, S, and A~S, X S, of eq. (12), forced by the periodical S-variation, when the stock is

low (A< A,) at y=0.5(a), 0.428 (b) and 0.1 (c).
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Fig. 4. Phase lag curves of & and &, as the function of
forcing period T.
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Temporal patterns of L, L, L, and A~L,+ L,+ L; of eq. (15), forced by the periodical ﬂ -variation, when the

stock becomes maximum (A~A4,/2) at m=2.0(a), 1.7 (b) and 1.5 (c).
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Fig. 6. The upper panel is the example of 3,-variation
(0<bh<1) with a period of T=20. The lower panel
is the response of 4,* as the function of 5. Thick
solid line shows the maximum value of A,* at each b.
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Fig. 7. The upper panel is the variation of fishing rate f,
with a period of T=20. The lower two panels are the
temporal variations of 4,*(y) and F,(y) as response to
fr-variation. Thick solid line shows the maximum
value of 4,* and F, at each y.
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Fig. 8. Temporal patterns of S, S, and A~S, XS, of eq. (19) and 4, F~f X A4 of eq. (20), forced by the periodical
Jf-variation, when the stock is low (4<< 4,) at y=0.5 (a), 0.428 (b) and 0.4 (c).
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Fig.9. Temporal patterns of L,, L,, Ly and A~L,+L,+ L, of eq. (21) and A4, F~f X 4 of eq. (22), forced by the
periodical f-variation, when the stock becomes maximum (A~A4,/2) at m=2.0(a), 1.4 (b) and 1.2 (c).
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Fig. 10. The upper panel is the example of f,-variation
0<f, <0.3=4,) with a period of T=20. The lower
two panels are the responses of A4,* and F, as the
function of f;,. Thick solid line shows the maximum
value of A4,* and F, at each f,.
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Fig. 11. Schematic patterns of fish stock : 4 and catch: F, forced by the periodical survival rate: g (left) or fishing
rate: f (right) at the stock level of 4<< A4, (a)(b) and A~Ay/2 (c)(d). Arrow shows the possible phase of

maximum-value in each temporal variation.
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