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A Relationship between Egg Abundance and Spawning Area
for Fishes under Patchy Egg Distribution

Hiromu ZENITANI*!, Minoru ISHIDA*? and Sakutaro YAMADA *?

Abstract

Pelagic fish species such as sardine and anchovy fluctuate dramatically in biomass size and
geographical distribution. Especially, a non- linear relationship was observed between spawning
area and spawning biomass level (or egg abundance). In order to explain the relationship, we
tried to develop a mathematical model for the egg abundance and spawning area. The model was
based on a stochastic description of the aggregation of eggs using negative binomial distribution.
The non- linear relationship between the egg abundance (E) and spawning area (A) becomes as
follow: E=k- U+ [{U/ (U — A —11+1/2- A/k+1D - U A/ U — AV, where k is
overdispersion parameter of negative binomial distribution; U is survey area.

The egg abundance can be estimated accurately using this model expression if &k is constant.
For sardine in the Pacific off Japan, & was dependent on the spawning biomass. However, this
method seems to be applicable to the sardine stock if its spawning biomass will keep to be low.
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Fig. 1. A theoretical relationship between egg
abundance and spawning area.
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Fig. 2-a. Distribution of sardine eggs from in 1978-1983 in the Pacific Ocean off Japan. Solid cir-
cles and crosses show the mean egg density (number of eggs per 0.159 m?) in 1° X 1°squares.
Data in an area surrounded by bold lines were used for the analysis.
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Fig. 2-b. Distribution of sardine eggs from in 1984-1989 in the Pacific Ocean off Japan. Solid cir-
cles and crosses show the mean egg density (number of eggs per 0.159 m?®) in 1° X 1°squares.
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Fig. 2-c. Distribution of sardine eggs
from in 1990-1994 in the Pacific
Ocean off Japan. Solid circles and
crosses show the mean egg density
(number of eggs per 0.159 m?) in
1° X 1°squares.
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Table 1. Frequency distribution of egg density, spawning area, and egg abundance in February-

March from 1978 to 1994

Egg Density Year
Eggs/0.159m* 1978 1979 1980 1981 1982 1983 1984 1985 1986
0 13 7 10 13 5 4 4 4 3
-4 4 9 6 6 13 11 10 8 7
4'—4q2 5 7 5 3 3 6 7 5 3
42— 43 4 3 3 4 4 5 3 7 8
47—4" - — 2 - 1 - 2 1 5
41— g5 - - - - - - - 1 -
N 26 26 26 26 26 26 26 26 26
N, 13 19 16 13 21 22 22 22 23
Mean 6.0 76 111 7.0 11.7 6.5 139 28.3 343
Variance 102.19 147.71 496.79 189.19 722.97 7933 79410 341427 241974
k 0.202 0.458 0.251 0.191 0.523 0.884 0.583 0.451 0512
XaH 04 1181 178(1)*  127(1)° 13.01(1)  565(1) 547(2)° 496(2)° 5.18(2)°
A0* km?) 98 147 123 109 166 182 176 177 186
EQ10°- Eggs) 8077 10135 14868 9312 15691 8643 18572 37813 45839
Egg Density Year
Eggs/0.159m* 1987 1988 1989 1990 1991 1992 1993 1994
0 p) 1 5 2 7 12 13 15
14" 12 12 5 7 9 4 6 5
4'—42 7 7 3 7 5 5 1 4
42— 4 5 9 4 3 2 3 2
474 1 0 3 4 1 2 3 -
41— g7 - 1 1 2 1 1 - -
N 26 26 26 26 26 26 26 26
N, 24 25 21 24 19 14 13 11
Mean 9.3 234 32.6 68.6 448 32.3 24.6 42
Variance 22752  5099.01 371947 30062.20 23510.70 648881  3198.70 11359
k 1.170 1.028 0.366 0.526 0.253 0.143 0.133 0.170
Xapn 893(1) 3457(2) 217(2)* 1360(3) 11.03(2) L71(D* 395(1)° 0.01(D°*
A0 km? 196 206 175 202 160 125 106 90
EQ10°- Eggs) 12450 31331 91781 59987 43164 32926 5556

43627

: number of sardine egg sampled

: parameter of the negative binomial distribution
. spawning area

: egg abundance observed

* hj):b’?rg

KON HEBE S,

HBRIBFROIBOBEAE, N, X, 8%k A, B&
UE% Table 1 ;77 X, S? 3% & 42~686(Eggs/
0.159m®), 79.33~30062.200 =2 B L 7. X 121994
HER/ME, 1990 ICHARMEET L, REE S
RXEHIELTREWVETH O IR OSSR 13SY/
X>1THb, BARSE] (overdispersion) %77 L
7o (- RFE 197D, Kk 120.133~1170CH b0, %k
OYEEAHTI21978~1981, 1984~1986, 1989, 1992~
19945E1c 5 Y7kEETRO 2 THAM EH/ES L. (1978
~1981, 1992~19944F) Okflid (1982~19914E) &

: significance in 5% level chi-square test for goodness~of-fit

H# L/ANE WERD S -7 (UKTE, 5%k, A B
138 £ 90~206(10°- km?, 5556~91781 (10°- Eggs)
ORI TER Lz, A 1319826 1c 28R, 19884 & T #f
B L, 19904ELIMERVDICHE U, B 1986%F & cillfhs
%, 198TEEIT W\ e AR Ut BUEML 7245,
19904 IR D 1 iz U /e,

E-A & BEERE (B, A) % Fig. 3icR7.
LHEEICT BE AR RBRELCRE N 2 IER
TEBAR (A=285- EY) pids o tods, 2 DFER
(R*=025) 3B o7, kEOHELEBEIXS L
BERBOINEE, EINGEHE, NEPELRIET 3
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Fig. 3. Relationships between egg abundance (E)
and spawning area (A) of Japanese sardine
under the various values of k.
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BEBEOL I CHEAHOSHHBERE (hA,
1980) TH D, FERE L TIHOERMAHBED 2 IHS
D& D RERDIETH 254, NEBE &L ENSmME
flCIZE-ABSR TR U & 5 BIENTEBEEAEE TS
5,
E-AMMRT/RE N 3 INERE & NS H R AELE
TEULE, COMBRERNMLEINSERE SN
SENEREKELHTET 2 RENEZL SN S, KB
BERED b EREIREKEAHEE T 5 Fikid, TOEE
(¥, 1983) ®Egg Production Method (EPM,
LASKER, 1985) &ML CHERT— 5 b A2 H
WBODT, BiRENSLCEREEORIETOEIEL
ORHTEIRRHEEERE LTEYTHEEELIONS
( MANGEL and SmrrH, 1990). 7272 L, kiEASE &%
Bg2s, REOF— 5 ERAVIEEOHREICIEK
EHBESAZENYS S, @ROFFHIcHio
AHOEPEOEEC > VT OBRIANATARTH 3.
KIPKRLERCDFRT 247 v DIES, 70N
DEFESEREKEICN L TERICLVERZDT,
w4 7 ¥ OINERE & EEINEEE 0BG ERS ICEL
5. Lichi- CEEUSERD O NEE LTS 218

&, JPERE, ENSmERGAEIRE LTEOE-Ah
MEdD, RIS GOEFESEOL S K
LT 20%b0h UDBKL TEL BLEXRD B,

< 4 7 VIR OERN S ERE 0L L BRI
BUTOESICEALB T ENTEE, KEFERICHR
T 5247 VI GKRERER &NEER O 2 > D4FER
BEEL, BREEKEL I 3AREER A AL L/NE
BEREEOEFEHEEE 25 (FA, 1996). HABER
OREEI/NEER T A E 1 - - & 2ic, EINEIIEER
~ S (RIBTRED, BEERHE~ 4 5 i R
CREHRED) o 20 GERE, 1988) oMt
LIHEASEE & 125, ENREEAEG L HEEET
DA 7 YROLNHEHRR RO L 55 2 BE~DE
B DAIEEE W S RELT TSR R — A L
INTRORPENEE . MEOERWHEEZIL, <4
v B OERES BREKE) olEERm®L T
WEbDEEZONDB, —, dO /dk=— {k/ (c+m)}*
log k/+m)Y +m/E+m)1>0&L 0, kiZ 6 o
IBETH B T EMRENT VB, LichH - Tl
BEDG TG O WA Exp (A} =U- 6 O W3
N 3, EEPMGERE O AR KEER O HER %
BT 207, kEOERNEEE<1 v v Ha0g
FHEOHEICHRT 2 C &R EN S,

HAIT#HEO =4 v ViR, 1970E/RcEmL
1984~19904F £ THI50005 b » O EIKEET & - 72 53,
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