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Response of Fish Population to the Time-Varying
Reproductive Rate

Yutaka Isopa? and Tomonori AzuMaya?

Abstract

The response of fish populations which are qualitative expressions of the (para)larvae
and fertile adult stocks are investigated under the time-varying reproductive rate with a
simple sine curve. It is shown that the phase of stock abundance lags 90° from a time of good
reproduction and its population has the exponential increasing and decreasing changes, when
the period of variation is larger than the lifetime of fish. The result is applied to the squid,
Todarodes pacificus, population in the Japan Sea and a possible cause of its stock variation
is discussed.

Key word : Fish polulation, time-varing reproducﬁve rate, Life time of fish

& B

FRAOBREZECX LTV IEEABERHEIEHN, 55 n FOENEE (EfsF) B¥HnE
ZEHO—D L LT, s IO n-s FOMADEEBRY NEH > I EBBEINTWSE, &
T, TOn-sEETNORABOKREXIE, s EOYHE - EYRBIEETEHICERL-HAE
BRELESPEAVENEER L OMTRINDEEZ S, —HT, ENE» S £ INT-003,
FERIR 2 2 TOYHIBROBRCB W IEEORE LRI 57, BAOMARIZERGER
HEILZWEWSIEZHF DL, 612, 5 COFE»S LIROMANEXRI 2885 L 5E0EH,
5B RDMABEERIZBENHL L5, [BFERREVIET3ELHTHZ, LHL,
ZOBERXBOTHEIED 1/6=02, HBEL5/5=1DEBETH-7- L Thi¥, i3y [EHFHE
Rizb2| LEZDZLBTE, KRBUTZOELFCHKS,

Boi, MALSEINERE COHRETERL b5 —EHLRETENT, ENEEr 20T T
HIMARDL MAERE) CHEEROMENNZAZ A 2RET LI LNTESE, 2L, n-
s EOETIERIZ n-2s EFIOBENFRIEKEL, HTFEFRD & X258 - HaTOHR O ENER
PEEOBFRCERIZILich b, 20X HEL 3 L, [BEROBERITERICBEDH
ROEFEER  KHRBOFLERTRE S| ZLickh, ThIREHRTHERS € FL0EANE
EThs,

Y ALERE RS K E S IR R e R

(Laboratory of Physical Oceanography, Faculty of Fisheries, Hokkaido University)
2 EFKERTIERT

(National Research Institute of Far Seas Fisheries)



b X & BE £ #H 49(1), 1998.

INETOEHEREEHE 7N T, DE-EYNBELTE (BREER) SRESZH (ANANER)
PEFREERCES L HE, T b REOBEERDFERE DWW TECHERINTE:, §
i, BFEEETTVONMSE»S, MES (1996) © SPR € 7V « AR (1997) OEK
FUYrNEFVEERREShTWS, £hit, BEEEHETVERCLBEROFEIIBHE
R AANERO_BEIR—KKE N DD, BRELTIASZOOBEOKINIZEEE
THEERNNZA—FIDREH B LB,

—7%, HE-HME (1996) 3 I OFEELHAEERRHEMD T A -5 L LTHRY, ADOKRTFH
BTG SEC L FREELEF2HRA L [BHFETN) 2BE L, ZLUTHES I, REBEOEH
2RO BRBRESHOMERTIMC, ZOBRTERERET 2 [Fi L EIFEH] OFVICX
DENZEELBORE Y : TEBL B ZL0BER2EHL Cv s, BEANCEIBERY
ANANLGEBCHYT s BEEROREL L 2BAB L L5 2, SEENAORA T VY FIL
1 HEIRDB 7 2z, BEOHEELELEINRBROED I X > T, LORCREROBHFERRICR
BN Z 0 EBERL TV 5,

AFFECIIER - M (1996) OEF N EFEHNCEROEVL 1 FEE 1 EFEMOINV XA 1T
BRALe ANAALHIETA TV v YN AT ¥ TR EOEHERIHANTHAZRABESL,
HOHBORESTEEEAVCTOERFHEEN I VEZCHN AL E L SRS, KRTIRLE
B, BEEXRHANRL LCEL, 1FRAOETREGRL SBRN I BEREHOFHEEHET 5,
RIZ, AERBDO AN X4 H OEE (FHE) BEES» S5 HEELRE2RYD, BHBEEEHO—ERK
DWBTEET 2, % LTRER, l ERAE TNV TCERI N BEEHORKELESERTT NI bE
BTE 3% 7,

1 FERO|FETN

B LETHBEANAAL A OBHEBEE I Eb B2 0BREHEAME LT Fig. 11277,
Mo 4 ZEIRE, L 3shEo@Esr, FEDO n ZEEZRT, n FOEINE (4.) ZEINFNC
BEONRERVBYL, £E2B-> 2B TBEREITS . 20%, BEL:SHE0E  i3AR-.
RNEOWHENEGERELCHIE X 5 BRATE, oAMAC L 2HASCIHIREL, BE
Bbs I eNTERY, ZLTHTHEHE, BEECMLAEEDOD250%E (L,) BEERK
3, 3512, BEOENH (4...) 2TO1FEOM, BRAECRE L UTHRRC L 3EEMR
(BEINARCHKE) kY, BEREOBENIRES, 250, FEROBEBBEEREL AV X
4 H OERERHMEE T SERCHEFIETE TS, ARdNE I 2—5 (1EEKY: D OE
%k - HER - BROBRECEL L) KETHRERERVDHE VI LE N,

EETFTNTE, BEND» o IHARBREE TOEBRER 8., BEECIND 5 £ COEHFEY a, THRH
L, 1EHEGTHLIBTER» SE L2 BFEEEHORHMCER T 5, Lo T, ZOEFV TR
w3 NANER - HE EYNBEER XY, £BREL LWVLI—DDNRFA—FTE
HUTw5, ffsici, E8RE L, 2B L CENTRAE A, 2% L, BEERD, £E3EKo 7
SHeE L, BEFE 0, 22U CBFEOENR 4, W2 FEZL D, ChEROETRET S L

L,=pn - 4, 1)
Aupi=an Ly ' 2

DR LR 5,



BE - HE: BEEFORMELIIN T 2 KERROILE

densi tY'deW‘de“t

Carrying capacity
of the envirosent

An+1

natural death

33“ Enviromental

0 0V variation

LN
@ Rt
early reduction

Fig.1. Conceptual model of factors important in determining stock of squid through the 1 year
life history. Relative mortality, important enviromental processes and the life stages that
they affect are schematically indicated.
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Fig. 2. Upper panel is the temporal variation
of B.. Lower panel is the temporal varia-
tions of A, L, as the response to 8.
variation. The initial value of A, and L,
is A,=L,=1. The amplitude of 8, isb=
n 0.4, and its period is T'=15.
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Fig. 3. (a) The function of L=L*e~* (b) Schematic figure of the solution of 4, L as the
response to B(t) variation.
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Fig. 4. The same as Fig. 2 except for (a) b=0.2 and (b) T=4.

HHTh2. Thbb, hER L, LENER 4, 0OXBCESTH 2 LEONMHEENH 212D, &b
RECEEE ORI L,> 4, BA#E L.<4, 0Bk H 2 (Fig 2 #8R). #L ¢, (1) R
MR & S L, DY B4, CEAEINB Z 95, BEMIMAOKEME XD b BAWOK
LEBOFTBREL 2D, ZORER, BERERFHNCEY T2 I L0z b, 2L, ZORH (i)
BIXRTOAERLTHRBCEDP S Z ERERT 2 6O TRE Y, BET 2EHIE, 0TV
THRNEREMEBERBINTHRVWEOTH L, IOET VB THNNERENE > RR T
2iid, EREFETHL 101 LIV RELEIRET LTIV, 28, KEOEEFRD
HBZETNTHE, 8T A—% a, DFCHNEREIIRSERINL TN S,

g7z, (7) AOECRIHERLEORIBSBEELRDEE b/ ORXICHHT LI LET
LTw3, flziE, b/w OFEEE/IE T3 2, BEEROEIR b H/NSWIGE LEH
B T 2858 (0 BXAEV) BEBDH B, ThThOBESOHER % Fig 4(a)(b) 277, Fig
2(b=04, T=15%) LHEL T, BEEEDER (b=02) 2VNEZ v X EFREXHOMRIEDS /N

— 5 —



I K K E % #H 49(1), 1998.

&< %D (Fig 4a)), BEEXEDRBLFEC T AMEL (T=4%) k5 Lt EFELHOKIE
A& {2 % (Fig 4(b))e % U TIRIBME b/ w~b+ T O3, HAERNEI 2 50E L G EHR
PR ZHREPEREOEEL2 VDI EETRT, IO LR, bLIFELRTHENE> TRERE
EEFOEBRH-/ L LTH, TORBOBPEERORNEE(L2RE0hE, KERBEEERD
ERZOBROBEBEHCARELEELSZ L L FEMIZBHTER LI L 2TRT,

BEDROH HBE
FRTIIMB, £FX a, ZRATRIALT,
an=a(L.— L)/ L, (8)

a ZANBEAREIME L RTELLFHE, Lk L, OBRKBENFER®TT, 20 8) RNoER
oy —ROBEMREEL, Fig. 512 a,- L, BfERLI:, $4bb, L~0DEE g~ 0, L,
> L DEE a0 LB EREL TS, FIZIE, $1E» SERFICR 2 2 TOM, $hEnk &
BORELEERERVOBLOLD a, B3NS WEMZ OIS, BEEREG, R Fig2 LAL
ZEE) (b=04, T=154) 252, L=5 Li=4,=1D%&HKEDbL, a=12,20,28 L LIZFED
HREBEH % Fig. 6 10RnT, KHHPOBWRLRERKBRBINAR L,=5Th 3,

a DEMIKE KRB IEZHEV, LSOV TEEIIEE T2, a=12 DS (Fig 6(a)), L.
XD NIV INOBFEEEE R, HTER (4.-L,) RUBEER 8, L OHERRIE
EHROR W Fig. 2 OERIMTHW S, =20 04 (Fig. 6(b)), L, OEBIOE L 5, DEENC
HEDE, MEOMMEER/NEL B2, —H, 4, OEBNIXFEAEA SRR RY, EIZ—EHI
ZoTws, a=28 DFS (Fig 6(c)), L, DEBIX LD 8, DEENET %, BEFEEIL L ifw
BV THEMEOBRFREREZTR T, ¢ DESKEZVIES (Fig 6(b)(c) D), SVt hid
BENARIGIWV VBT 2 EFREREHORBMEPE LD LRDEI RS, $HEDEER
DBROEE (8.>1) HFIL THERIIEML, ZOROEIFHBRIBEDRC L > GHICK
Yy ofERLBH D, T, EEVRIEHEROSMAFE 2N, BHERIZ 8, OFENITWIER
BREEHETRT LOCR 3,

UL, EBOEFVEROCTEEBROBES L o5 llic B TE Ty, RBOBENE

an
A
2 L
c-L
anza— "
Lc
0 0 Lc > I-n Fig. ?Lnfchematic figure of the function of &

— 6 —



WH - HE: FEERORMELIINT 2 KEFEOLE

(a)

(b)

Fig. 6. Upper panel is the temporal variation
of B, (b=04, T=15 as the same as the
case of Fig. 2). Lower three panels are the
temporal variations of A, L, as the
response to S, variation. Panels (a) to (c)

~ correspond to the case of =12, 2.0 and
2.8, respectively. The initial value of A,
and L, is 4y)=L,=1. The carring capac-
ity of the environment : L.=b5 is assumed.

(c)
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Fig. 7. The horizontal distributions of the measured squid paralarval abundance for autumn
season from 1971 to 1989 (from Kasahara, 1989).
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Fig. 8. Thin line shows the time series of density (numbers/10°m?) of squid paralarvae: L in
the dotted area of top panel. The density data in 1974 is indefinite due to the irregularity
observations (from Kasahara, 1989). Thick line shows the time series of catches of squid :

-~ A in the Japan Sea.
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Fig. 9. (a) The catches of squid in the Japan Sea. (b) Reproductive rate B, estimated from
the catches data. (c) is the 1st mode time coefficient of EOF analysis for salinity along the
PM line (its location see a map of (e)) and (d) is its spatial distribution map (from Isoda
and Korematsu, 1995). (e) Annual mean salinity map around the Japanses islands at the
depth of 100 m (from JODC, 1978).
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Fig. 10. The horizontal distribution of water temperature at the depth of 50 m and the
measured squid paralarval abundance for autumn 1992 (from Yamamoto, 1996).

FBIBRENI DL »OREECOBOBEREEZ SN, 22T, MEINEBROR
BH LRy — VIR 2R T E S LS 10 Ry — VOREFLSEL I H 2 5
ES0ThH 3,

Fig. 9(c)(d) i (e) WRL - BEBHEERRE OER PM WEICB T, 1970~1989 EDIESE
£z AW TERS (EOF) B efTo R Th 5 (A - 2R, 1995), Fig 9(c) BEBDIRIE
NEROBRELELE—F (F5E 1Y) ORFMEEHFEEERL, (d) IPMEEHCBT520
EESMRNY — 2R, ZOBFRRI D, PMESY - L TWANEBRSR TR 104£2
T—NORER S EBL, 1976~1980 4F L 1986~1987 £EIC BRI B IE DB AS S < Hi
ALTWRZERRL T3, ZORMII Fig. 9(b) &RT B.>1 O EBREL Tw 5,38
BERZAMAEAEE CHRTEEROESBEOEL K BEROBWASELYLEESTREEL
(Fig. 9(e) DESKFHHR L), BEBEHAL TWE, ZOZ o0& KRI 1R
» 7 B,>1 O, RPEEEY S5 OKREXRE X D b ANTE S OEING R EREE
S DMEBR BB S o ARSI TR SN 3,

LIRBDAN A4 HERBEEOY ) 1, itiﬁ%&%ﬁ@ﬁ%ubb Kb FHEER
LIURER L OFENTBRICIIE > Ty, S%iE, HHEBCBT 2RV 245 0L
PRAn & YRR AR 5 AARB BRI N ThH 2 5 SRR Ry, ENER Lo
ERNZERERS 20 EFRILEND D,

— 11 —



b Xk Kk BE % $FH 4%1), 1998

. Tife time ) . ’ : Vife time
4] An ) 4+ An E
4 Ln By. i 1 8y.
2 24
. ) o -

Fig. 11. The same as Fig. 2, but for the cases of long-lifetime of fish. The lifetime is /=8, and
the spowing age is /;=3. Parameters of 8, are (a) b=0.5, T'=15, and (b) b=0.4, T=100.
The initial values of A, L are 4,=L,=2 in the case (a) and 4,= L, =0.5 in the case (b).
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Fig. 12. The time series of catches of Far eastern sardine (from Hiramoto, 1996).
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