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Estimation of the Supply Source of Anchovy (Engraulis japonicus)
Larvae Caught in Ise Bay and the Western Enshu-Nada Using
a Spawner—Recruit Model

. Tl
Motohiko NAKAMURA

. . 2
and Kouichi Fuita

We estimated the supply source of anchovy (Engraulis japonicus) larvae caught by the coastal fishery in Ise Bay and the
western Enshu-Nada using a spawner—recruit model. In this model, the Ricker curve, which was evaluated to be the
most appropriate among some functions, was adopted to show relationships between the monthly catch of larvae and
the number of eggs caught in Ise Bay and the western Enshu-Nada. The determination coefficients of the model were
0.188~0.285 (p<0.01) from April to September and 0.052-0.178 (p>0.01) from October to December. Fluctuation of
the number of eggs caught in the western Enshu-Nada was similar to that in the other parts of the coastal sea off the
Tokai districts. Using the model, we estimated the monthly larval recruits from Ise Bay, the coastal sea off the Tokai
districts and the other distant areas, respectively. The estimated value of the mean monthly larval recruits from Ise Bay
was over 200 tons from June to September, that from the coastal sea off the Tokai districts was over 200 tons from May
to August, excluding July, and that from the other distant areas was over 200 tons in May and July. The seasonal
changes of the estimated values of the Ricker parameters and the monthly larval recruits were consistent with the sea-
sonal changes of the anchovy spawning grounds and the rainfall, both of which affect survival and transport of larvae.
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Figure 1. Monitoring area for anchovy egg abundance in Ise
Bay and the coastal sea off the Tokai districts of Japan. The
coastal sea off the Tokai districts indicates the area consisted
of Kumano-Nada, the western and castern Enshu-Nada, and
Suruga Bay.
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Figure 2. 30-minute squares where the monthly anchovy egg

productions were compared for 19 years (1978-1996).
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Figure 3. (A) The seasonal changes in the mean fishery catch
of anchovy larvae in Ise Bay and the western Enshu-Nada;
and {B) the mean number of eggs caught at the monitoring
stations.
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Figure 4. Relationships between the value which added 10 tons
to the monthly larvae catch (S,) and the number of eggs
caught for three months (£,) in the western Enshu-Nada
(left), and relationships between S, and £, in Ise Bay (right).
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Table 1.

HYUTAT LT A OHE

Correlation coeflicients between the common logarithm of the monthly anchovy egg production in the

square M1 (the western Enshu-Nada) and that in the other squares, and between that in the square L3 (Ise Bay) and
that in the other squares (Fig. 2). The data were recorded from 1978 to 1996 (19 years). The squares where the data
was not available in more than three years (SS), and the squares where the egg production is 0 in more than 16
years (NS) were excluded for a calculation.

Correlation coefficent

Area M1 (Western Enshu-Nada) L3 (Ise Bay)
Mar Apr May  Jun. Jul.  Aug.  Sep. May  Jun. Jul. Aug.  Sep. Oct.
Al -0.05 —-0.05 020 003 006 036 SS —-0.24 —-0.07 0.11 —-0.06 SS 0.15
Bl -028 0.16 0.10 NS 0.12 NS SS —-0.18 NS —066 NS SS NS
B2 -0.17 0.05 0.13 —0.02 034 —-0.13 SS -0.24 0.08 =052 -0.17 SS —0.29
B3 -021 -0.03 —-0.03 -023 -024 012 SS 0.07 000 037 024 SS 0.06
Cl NS =0.07 —-022 022 NS NS SS 0.13 —0.23 NS NS SS NS
C2 -038 0.10 —021 025 —044 026 —-024 —-0.10 —058 —044 —0.07 —0.11 0.10
C3 =019 022 =009 008 028 020 —-038 0.06 —0.14 —-0.33 024 -022 006
Di -0.22 —-0.12 =037 013 0.10 030 —0.02 0.09 -037 002 —-0.07 —-0.14 027
Ashizuri- El SS 041 045 SS SS 022 034 —-0.14 SS SS 0.06 —0.23 SS
misaki E2 SS 0.37 7z SS SS SS 0.24 —0.03 SS SS SS 0.02 SS
Fl SS 0.37 SS SS SS 0.15 —049 SS SS SS =002 SS
Muroto- Gl -0.16 010 007 028 006 —-004 0.19 034 -028 —041 —-0.03 —-0.08 037
misaki G2 -0.06 041 0.12 015 044 0.09 005 —0.02 005 016 —034
Hi —-0.01 NS NS 0.05 -0.32 NS 0.19 =049 —0.15 —031 NS
H2 022 —0.14 =046 033 0.17 020 =020 0.13  0.05 037 0.10
H3 —0.07 —-0.40 —-036 —025 —0.24 0.14 034 028 | 0.09
I 0.40 027 NS 0.40  0.09 NS 0.14 006 NS NS NS
12 -0.22 044 035 —-0.10 —0.02 0.10 0.34
Shiono- J1 . =0.15 —0.10 =0.17 —0.17 —=0.16 0.21
misaki Ki use  0.08 NS —0.14 —-0.17 —-041 008 NS SS
K2 0.41 023 -0.03 0.06 —0.17 —-024 0.16
K3 SS 0.15 025 SS 028 —-0.05 0.0l
L1 SS —-0.39 —0.07 SS 0.42 —0.07 NS
L2 0.30 —-0.12 —-036 —0.05 0.16 —0.05 0.06
Ise Bay L3 0.00
W. Enshu- Ml =055 =049 0.00 0.05 -008 NS
Nada M2 -0.19 029  0.13 042 0.0l 0.04 =047
N1 . 024 —-0.44 —-028 —0.13 —-0.17 NS NS
N2 0.49 040 030 —-0.23 —-038 009 0.0l —=0.06 —0.40
Ol 031 SS SS —-032 —-034 0.16 SS SS 0.45
02 0.60 036 0.01 -023 0.07 =021 —0.11 —0.09 -0.03
Pl 043 SS SS -029 —-041 020 SS SS SS
P2 0.62 035 035 -0.19 —-0.14 —-0.17 —-0.If —-0.08 0.29
[ro-zaki Ql . . 042  0.19 —0.06 -039 0.16 —-0.03 0.09
Q2 039 —0.020 832 —039 028 0.17 —008  —0.14 006 005 —0.04F
3 . 0.44 030 021 -038 =032 -001 —=0.09 —-022 -0.06 —-0.19
Rl 027  0.06 . } 042 NS -040 0.14 —-0.25 —0.05
R2 005 009 -029 0.17 —-021 023 008 045 026 —0.11
R3 6 002 040 -0.05 —0.14 —-0.14 —-0.12 035 -038
Nojima- Sl —-0.23 =033 —-0.16 044 0.03 | 031 026 .
zaki S2 =020 0.17 —0.04 0.06 —-0.12 036 037 -0.19 038 -0.11
Tl 0.10  0.05 040 SS -0.08 044 0.10 SS NS
T2 0.07  0.19 —0.28 0.0 019 038 0.10 0.08 —0.09
T3 0.17 _0.04 =050 (.23 -0.20 —-0.13 0.13 —-0.07 004 000
Ul 046 NS NS 0.14 029 0.18 NS NS NS
U2 0.16 0.13 =032 042 -0.16 —0.15 006 —-0.09 0.1l —0.02
Bl >0, p<<0.05
2r<0, p<0.05
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Table 2.

IR

Correlation coefficients of the number. in common logarithm, of anchovy eggs caught for three months be-

tween four areas: Kumano-Nada (Kumano), the western Enshu-Nada (W. Enshu). the eastern Enshu-Nada and Su-
ruga Bay (E. Enshu), and Ise Bay (Ise). The data were recorded from 1966 to 2001.

Correlation coethicient

Term W. Enshu vs. W. Enshu vs. Ise vs. [se vs. [se vs.
Kumano E. Enshu Kumano W. Enshu E. Enshu
Feb.~Apr. 0.756%! 0.618%' -0.002 0.189 0.258
Mar.~May 0.690%" 0.597%! 0.095 0.137 0.401%°
Apr—Jun. 0.679*! 0.601%! 0.160 0.045 0.277
May-Jul., 0.663%' 0.596%! 0.291 0.097 0.307
Jun.—Aug. 0.690%! 0.669%' 0.289 0.205 0.147
Jul.-Sep. 0.538%! 0.616%! 0.119 0.297 0.190
Aug.~Oct. 0.610%! 0.647%! 0.104 0.134 0.179
Sep.—Nov. 0.434%° 0.578*! 0.118 0.093 0.178
Oct.—Dec. 0.189 0.525%! 0.073 —0.120 0.100
# p<0.001, *2;)<().()1, # <0.05
Table 3. AIC value of each regression model (equation (6)—(11
AlIC Value
Straight line Ricker curve Beverton-holt curve
Normal Log-normal Normal Log-normal Normal Log-normal
Apr. 473.4 445.6 458.7 436.9% 475.2 440.6%*
May 571.2 543.4%! 559.8 544 4% 570.1 545.2
Jun. 560.4 544.3%! 561.9 544.6%° 563.6 546.2
Jul. 544.4 526.4%! 548.3 527.8% 550.8 528.7
Aug. 544.7 533.2%2 S551.5 528.4%! 554.1 537.0
Sep. 523.5 525.2 520.5%! 520.8%> 544.9 528.9
Oct. 553.7 510.7%2 550.6 507.9% 560.1 514.3
Nov. 550.0 478.9%! 5523 481.5% 557.9 483.4
Dec. 476.5 398.9%! 475.4 400.4% 482.3 407.4
Total 4797.8 45006.6 4779.0 4492.7 4859.0 4531.7
#! Smallest
#>Small to the second
4~6 1. 8H . 10H T, Pl ia W0HT, SHE,D &<, AICOAGNZ4506.6 T2/ ITIZ/NE o7z, T,
Bz E S > TN, E, 7S BFUERE < 55 &8 Uy = BOER T LG AIC A DO H I3 o
>ﬁ~’~‘fﬁ“-‘x§i”‘ﬂ‘%, HBNIE - 2:&«; A CARR - 2 R 12| ) ThHho7=5, E&her HDAICIETRTC2HFH T/ ]
eha, 12, AICHR/DDEF L EDEN03~26 /M E L, AIC

anaxsavqﬁhﬂﬂhmfait}UPHW,mz:ONM{\N,m~
(1) X2 YT TR 72 AIC & Table 312/ L 7=,
3DDKE BIIZEAED A TR e T L LD W
EHETF LD NE I EOEE T L E ) » B —
B BOESE 7LD RN & o 72 iR e e 7
WA, AICHENDHER S r HERE 072k, D

FLoO AICHE ) o o — RIS EOERLE 7L & D 2.8~8.7 K

AICIE,

DOEHENT44927 i d /N E o7z,
9) XDV v F —=REEOERE T L O AIC 2Y45E LTI

EDoZENS, O RDEFANEEEREL, O
[l 5 W OO RS9 % Table 412, & 7=, P4 & (e840
%%1?”110)L i FH AR L2 39 5 logy,, S, 90 5% 2 log, &,
YAl & Fig. SIZR U7z, FIZ & »Cd. IRENVE, Db &
L‘(‘: AThHEMIEI WA AR 5 b A, WAk

32



U F Ay YT AR O

Table 4. Results of the regression analysis with the model (9)
which was evaluated to be the most appropriate among the 6

models.
W. Enshu-Nada Ise Bay
Month "~ ¢
a 1/b a 1/b
Apr.  0.219%1  (.842 309 5.872 89 32
May  0.188*'  0.373 4505 0.050 3106 212
Jun, 0.219%"  0.247 4292 0.177 13263 94
Jul, 0.259%"  0.027 % 0.168 15625 185
Aug.  0.285%1 2768 444 0.140 12629 131
Sep.  0.212%1 4472 170 0.447 1946 125
Oct. 0.174%% 6414 119 0.403 696 120
Nov.  0.052 4.029 55 0.625 367 85
Dec.  0.178%  0.000 100 0.581 375 25
= p<0.01, * p<0.05
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Figure 5. Relationships between the residual of log,, S, from its

predicted value, log, &, and £, in the western Enshu-Nada
(left), and relationships between log, &, and £, in Ise Bay
(right).

8~11H & 100tLL L&, i oo bRk
4~5H. 7H, 10~12H12034~051 &y, £/, 35 f
WOFEMPNIAB &, dobttiE Hm_ﬁn@it 1d4~6H T3
(i&(-~n-(ful--kfp044 T~9 H Tl 042, 10~12 T
T FhEAY0.43 & FEFN3 (H}J"W) 5 h Tk d i,

Z %
f‘liﬂ'&“iﬁﬂ)iﬁ@l'ﬁ

0551 H O FI gl it s & OWIRIERS o J At o) 448

233 e



g }LV?,

Table 5.

L

(a) The estimated value of the mean monthly larval recruits from each area (mean of S, or §7)): and (b) the

ratio of that to the estimated value of the mean monthly larval recruits from all areas.

(a)
Larval Recruits (ton)
Area
Apr. May Jun. Jul. Aug. Sep. Oct. Nowv. Dec. Total
39 16 242 310 229 215 83 88 60 1282
Ise Bay
(297) (734) (231)
. . 61 316 237 47 317 153 189 63 0 1403
Coastal sea oft
Toaki districts
oaki districts (634) 17 (252
52 303 145 234 153 152 163 157 44 1403
Distant Area
(500) (539) (364)
Total 152 633 644 591 699 520 435 308 104 4088
(b)
Ratio
Arca
Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
0.26 0.02 0.38 0.52 0.33 0.41 0.19 0.29 0.58 0.32
[se Bay
(0.21) (0.42) 0.27)
. - 0.40 0.50 0.40 0.08 0.45 0.30 0.43 0.20 0.00 0.34
Coastal sea oft
Toaki districts (0.44) (0.29) (0.30)
0.34 0.48 0.22 0.40 0.22 0.29 0.37 0.51 0.42 0.34
Distant Area
(0.35) (0.30) (0.43)

kil %)‘éﬁﬁlylil'”lm44’![‘3"!!"‘-']{%7)\ 5 (Table 1, 2).
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Figure 6. Seasonal changes in the anchovy spawning grounds
along the south coast of Japan. Spawning precedes recruit-
ment of larvae in fishing grounds about one month. The fig-
ure was drawn according to the results of Zenitani er al.
(1995) and Kubota ef al. (1999).
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Figure 7. The estimated supply source of anchovy larvae
caught in Ise Bay and the western Enshu-Nada.
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