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Food and Survival of the Early Postlarvae of the Japanese
Anchovy, Engraulis japonica (HOUTTUYN)—I
—Distribution of Copepod Nauplii in Waters along the
Pacific Coast of Central Honshu—

Shigeo FUNAKOSHIY, Fumio MURANAKA® and Tadashi IKEDA®

Abstract

Copepod nauplii were the most important constituent among food organisms found.in the
guts of the early postlarvae of the Japanese anchovy, Engraulis japonica (HIOUTTUYN).
Generally, copepod nauplius -abundance has been regarded to have a serious influence on
anchovy larval survival., This paper deals with the distribution and seasonal and annual
changes of copepod nauplius abundance and, furthermore, discusses the occurrence of “‘Shirasu”
(anchovy larvae) in relation to nauplius abundance in the coastal waters from Suruga Bay to
Kumano Nada which comprise the most famous fishing grounds of ‘‘Shirasu’’ in Japan.

The surveys were carried out from 1980 to 1982. The following results were .obtained:
(1) Seasonal fluctuation of copepod nauplius abundance shows considerable annual variation.

Generally, the abundance was low in winter and high in spring to autumn, and showed

one peak in summer in bays and two peaks in spring to autumn in coastal waters ex-

posed to the open sea.

(2) Copepod nauplii occurred much more abundantly in bays than in open coastal waters.
This result suggests that the degree of spreading of low salinity water masses at the sea
surface has a great influence upon the abundance of copepod nauplii in coastal waters
and, therefore, upon the survival of the early postlarvae of the anchovy.

(3) Over the past few years, the abundance of copepod nauplii in spring tended to determine
the time of occurrence of ‘‘Shirasu’ in coastal waters.
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Fig. 1. Studying area and sampling stations (solid circles) where copepod
nauplii were collected from surface waters.
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Table 1.

) v 2 B SR FieE L LT 123~161
inds./l K&, BA{EIZ 200~400inds./I CIHFEIC
REWT b D, Tk, BEHOFHHBRMEEEZ
19804F, ’BlEEILFIKYETH 2%, 19824 E <, B2
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3 hibhb, FED HEE 1981~82 FICDWTR S
L, 1981413 6 Blc 1 D ¥ — 27 % & DBLER, 19824
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Monthly changes of copepod nauplius abundance in surface waters of the surveyed -

area from 1980 to 1982. N, Max, Min, and Mean indicate sample number, maximum
abundance, minimum abundance and mean, respectively.

N Max Min Mean N Max Min Mean

80/ 1 Suruga Bay — — — — 80/ 7 Suruga Bay 11 198 82 132.4
Enshu Nada (E) — — - — Enshu Nada (E) 13 172 6 41.6

Enshu Nada (W) — — — — Enshu Nada (W) 18 89 10 28.4
Mikawa Bay — — — — Mikawa Bay 4 153 56 95.0

Ise Bay — — — — Ise Bay 20 116 0 46.9
Kumano Nada — — — — Kumano Nada — — — -

80/ 2 Suruga Bay — — — — 80/ 8 Suruga Bay 11 164 21 78.4
Enshu Nada (E) — - — — Enshu Nada (E) 13 95 12 41.3

Enshu Nada (W) 12 13 3 7.1 Enshu Nada (W) 18 107 2 28.7
Mikawa Bay 4 19 7 14.8 Mikawa Bay 4 443 186 266.5

Ise Bay — — — - Ise Bay 20 113 1 4.7
Kumano Nada — — — - Kumano Nada 15 7 0 3.0

80/ 3 Suruga Bay — - - — 80/ 9 Suruga Bay - = = —
Enshu Nada (E) — — — — Enshu Nada (E) - — — —

Enshu Nada (W) 18 41 1 13.2 Enshu Nada (W) 18 162 5 38.1
Mikawa Bay 4 3 0 1.0 Mikawa Bay 4 580 52 308.5

Ise Bay — - — — Ise Bay 20 1764 0 114.0
Kumano Nada — — — — Kumano Nada 16 43 0 7.4

80/ 4 Suruga Bay — — — — 80/10 Suruga Bay — — — —
Enshu Nada (E) — — — — Enshu Nada (E) - — — -

Enshu Nada (W) 18 43 2 16.1 Enshu Nada (W) 16 100 9 37.4
Mikawa Bay 3 22 4 10.7 Mikawa Bay 4 804 109 402.8

Ise Bay 19 15 0 2.2 Ise Bay 20 232 2 36.5
Kumano Nada — — — — Kumana Nada 20 28 1 12.0

80/ 5 Suruga Bay 11 127 5 45.3 80/11 Suruga Bay _ = — —
' Enshu Nada (E) 12 84 5 23.0 Enshu Nada (E) — — — —
Enshu Nada (W) 18 61 0 25.1 Enshu Nada (W) 17 70 7 28.4
Mikawa Bay 4 125 33 71.0 Mikawa Bay 4 242 93 167.3

Ise Bay 18 131 0 19.1 Ise Bay 19 65 1 23.6
Kumano Nada 19 56 15.0 Kumano Nada — — — —

80/ 6 Suruga Bay 11 203 19 93.3 80/12 Suruga Bay — — — —
Enshu Nada'(E) 13 107 6 51.8 Enshu Nada (E) — - — —
Enshu Nada (W) 18 109 2 41.1 Enshu Nada (W) 16 78 6 20.4
Mikawa Bay 4 49 13 26.3 Mikawa Bay 4 189 87 143.5

Ise Bay 20 30 0 7.1 Ise Bay 20 37 3 15.3

Kumano Nada 20 23 0 4.0

Kumano Nada 20 36 2 7.4
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B C52inds./l, 19814E4% 8 H T 65inds./l, 19824E%% 8
AT 112inds./l T&% (Fig. 2)o BAfH 12 1980 4E23
172inds./Z (7 A), 19814E2% 128inds./Z (5 B), 1982
(AR 466inds./I(8 A) &no T3, LiEi-TI0
BROBEFEC KT 5/ — 7Y v 2 MBEEEE BB
WIRFHEE L T 40~50inds./l, BAE 13 100~500
inds./l THIRDRENWT EHbhD, BEQHEHRA %

1981~824E I D\WT R B &, 19814E13 4 ~108 o EAfEAA
B —27BRORRNAE, 198268 Ao — 7%
BRELT3DDE— I BEEDOND, Thbb, &
HEALD % ~ v, BB FGHREERCRELE)
DB BT LR pAbRS,

FEMEAER (BEXINE) OFELE L 2 FEHBMEGE
Hov—7oMBARPEAEIIZ, 1980ETRE—71
RELUF20HDN, EER6 AT 41inds./l,
FER9~10HT 37~38inds./l, 1981 ETRE— 7 RE
F20obe»bh, 68 54inds./l, 8 F 60inds./l,

Table 1-(2)
) N Max Min Mean N Max Min Mean
81/ 1 Suruga Bay - = - — 81/ 7 Suruga Bay 11 102 9 41.5
Enshu Nada (E) - = - — Enshu Nada (E) 13 80 24 41.5
Enshu Nada (W) 14 14 2 8.2 Enshu Nada (W) 18 78 2 15.1
Mikawa Bay 4 18 3 8.3 Mikawa Bay 4 465 9 131.8
Ise Bay — — — — Ise Bay 20 501 3 141.0
Kumano Nada 19 7 0 3.1 Kumano Nada — — — —
81/ 2 Suruga Bay 11 16 2 7.9 81/ 8 Suruga Bay 2 8 31 58.0
Enshu Nada (E) 9 22 3 10.0 Enshu Nada (E) 2 90 40 65.0
Enshu Nada (W) 17 37 7 16.6 Enshu Nada (W) 18 422 6 60.0
Mikawa Bay 4 45 14 22.5 Mikawa Bay 4 747 219 437.3
Ise Bay 20 13 0 6.3 Ise Bay 20 216 4 72.4
Kumano Nada 20 13 0 5.6 Kumano Nada 20 72 3 18.0
81/ 3 Suruga Bay 11 59 1 17.4 81/ 9 Suruga Bay 2 51 40 45.5
Enshu Nada (E) 13 21 0 9.2 Enshu Nada (E) 2 44 43 43.5
Enshu Nada (W) 18 35 1 9.4 Enshu Nada (W) 18 121 19 43.9
Mikawa Bay 4 25 7 13.3 Mikawa Bay 4 633 2 304.3
Ise Bay 19 12 0 5.2 Ise Bay 20 127 53.9
Kumano Nada 20 18 0 6.5 Kumano Nada 18 9 1 4.5
81/ 4 Suruga Bay 11 176 6 63.6 81/10 Suruga Bay 2 70 47 58.5
Enshu Nada (E) 13 118 6 39.3 Enshu Nada (E) 2 28 9 18.5
Enshu Nada (W) 18 67 2 24.5 Enshu Nada (W) 18 83 4 43.5
Mikawa Bay 4 14 0 6.8 Mikawa Bay 4 885 128 521.8
Ise Bay 20 5 0 1.1 Ise Bay - 19 30 1 10.3
Kumano Nada 20 63 0 13.4 Kumano Nada 19 5 0 2.9
81/ 5 Suruga Bay 11 454 5 80.6 81/11 Suruga Bay 2 26 12 19.0
Enshu Nada (E) 13 128 - 4 41.7 Enshu Nada (E) — — — —
Enshu Nada (W) 18 126 5 31.9 Enshu Nada (W) 18 40 8 16.8
Mikawa Bay 4 101 5 38.3 Mikawa Bay 4 414 166 241.0
Ise Bay 20 7 0 1.8 Ise Bay 20 13 0 3.4
Kumano Nada 20 28 0 7.3 Kumano Nada 20 10 1 4.5
81/ 6 Suruga Bay 11 247 15 122.9 81/12 Suruga Bay 2 9 3 6.0
Enshu Naca (E) 13 94 4 41.5 Enshu Nada (E) 2 6 4 5.0
Enshu Nada (W) 15 256 9 54.1 Enshu Nada (W) 14 34 4 11.3
Mikawa Bay 4 785 11 258.3 Mikawa Bay 4 145 71 100.3
Ise Bay 20 45 0 14.7 Ise Bay 20 5 0 1.8
Kumano Nada 20 109 0 17.8 Kumano Nada 20 5 0 2.3
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B35 BT 70inds./l, EFER 7T AT157inds./l L 755 T
W3 (Fig. 2), 3icb b PgHRBEEROENE(LRE
ABI 200 E— 7 HHOMEEZRL TS, £LT
5~6 BOBREFRRONILE—271, 1980~814ED 6
B#19824E iR 5 A, ¥ 7~10A0EMRFELCR bR
Te¥—2713, 198040 9 ~108 »319814E it 8 B, &
BIC19824EICiZ 7 BN ELBEZEANRADNS, ¥
T FEHEEALIIS ~6 Ao — 7 TRELFH L3 MK
S0, ERT~0HQE—2 TR EL4F 1645 2.645

SokEL T TETWS, BAIEIZ19824 23 162inds.
/1 (9 A), 19814E4% 422inds./I (8 A), 1982473 786
inds./l (7 B) &7 THY, £4L L TRAHRMRE
BRAKZOREIRELRE R, TETWS, ¥,
7T~9 BOEMREORAMEYRTADELARE > TET
W5,

SO REYBC A FHHREERD ©— 2 0B
B & A& X2, 1980ETCRMKEOAC 12D E—~7%
HOMIEH ¢ 403inds./l, 19814 TR EZFE 6 A 258
inds./l, EZ=8 B 437 inds./l, #ZFE10H ® 522inds./l

Table 1-(3)
. N Max Min Mean N Max Min Mean
82/ 1 Suruga Bay 2 24 4 14.0 82/ 7 Suruga Bay 11 102 4 54.6
Enshu Nada (E) 2 8 7 7.5 Enshu Nada (E) 13 139 7 45.3
Enshu Nada (W) 15 47 3 11.9 Enshu Nada (W) 18 786 24 157.2
Mikawa Bay 4 69 10 34.8 Mikawa Bay 4 1514 390 907.5
Jse Bay 20 6 0 1.6 Ise Bay 20 89 13 38.8
Kumano Nada 20 9 0 3.0 Kumano Nada - — — —
82/ 2 Suruga Bay 11 30 9 17.2 82/ 8 Suruga Bay 11 377 7 160.5
Enshu Nada (E) 13 54 0 12.4 Enshu Nada (E) 13 466 14 112.1
Enshu Nada (W) 15 25 3 11.3 Enshu Nada (W) 18 366 1 45.3
Mikawa Bay 4 51 11 27.8 Mikawa Bay 3 1092 120 514.7
Ise Bay 20 6 0 1.6 Ise Bay 20 426 0 82.8
Kumano Nada — — — — Kumano Nada 20 21 0 4.5
82/ 3 Suruga Bay 11 90 0 33.3 82/ 9 Suruga Bay 2 100 33 66. 5
Enshu Nada (E) 13 26 0 8.7 Enshu Nada (E) 2 38 22 30.0
Enshu Nada (W) 18 27 0 8.9 Enshu Nada (W) 18 58 2 24.9
Mikawa Bay 4 96 24 56.5 Mikawa Bay 4 716 14 251.3
Ise Bay 20 32 0 4.0 Ise Bay 20 121 2 57.8
Kumano Nada 18 24 1 7.4 Kumano Nada 20 15 1 7.9
82/ 4 Suruga Bay 11 99 33 60.5 82/10 Suruga Bay 2 63 33 48.0
‘Enshu Nada (E) 13 115 5 42.6 Enshu Nada (E) 2 24 23 23.5:
Enshu Nada (W) 18 55 4 21.2 Enshu Nada (W) 18 58 1 18.3
Mikawa Bay 4 26 0 7.3 Mikawa Bay 4 964 68 633.0:
Ise Bay 20 5 0 1.5 Ise Bay 20 46 4 14.6-
Kumano Nada 20 15 0 4.4 Kumano Nada 20 14 0 2.8
82/ 5 Suruga Bay 11 175 15 71.7 82/11 Suruga Bay 2 59 22 40.5-
Enshu Nada (E) 13 54 3 17.5 Enshu Nada (E) 2 15 8 11.5
Enshu Nada (W) 18 153 3 70.2 Enshu Nada (W) 18 35 7 18.2:
Mikawa Bay 4 47 6 22.8 Mikawa Bay 4 828 300 512.0
Ise Bay 20 21 0 6.5 Ise Bay 20 20 0 6.0
Kumano Nada 20 50 0 12.9 Kumano Nada 18 6 0 3.3
82/ 6 Suruga Bay 11 58 9 36.9 82/12. Suruga Bay 2 19 3 11.0
Enshu Nada (E) 13 315 13 55.5 Enshu Nada (E) 2 12 5 8.5
Enshu Nada (W) 18 157 1 42.1 Enshu Nada (W) 18 36 3 12.1
Mikawa Bay 4 1462 121 518.3 Mikawa Bay 4 165 76 128.5
Ise Bay 20 126 1 40.6 Ise Bay 20 37 1 11.0
Kumano Nada 20 9 0 2.1 Kumano Nada 20 8 0 3.1
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Fig. 2. Seasonal changes in copepod nauplius
abundance in the surface waters of the
survey area from 1980 to 1982.
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DI GBI~ BT L@ N TE H Rk o FH B E A%
OELZOHEYNLEDOND, HAMEIZI82ER 804
inds./Z (8 A), 19814E#: 747 inds./1(8 B), 885inds./
2 (10H), 1982443 1,514inds./I (7 H) & TkD,
FHRBAEERRBRELZEZL k- TETWS, 2hb0
8 (747~1,514 inds./]) RBALOWERICHR &b 5 Tk
&,

T k3 EmE, EMEEEERIC ST, BB
MAFERELEL o T HARRAHIAEE X h
5o

FREORELEC 2 FHHBAMGRD €~ 7 0 13
R E KE3X, 19804E TR #ZE9 BT 114 inds./l,
19814 T3 EZ 7 A C141inds./l, 19824ECIXEZES A
T 83inds./l L EEROFEHF/ER UK (Fig. 2), %
T, €—7 QBRI 8 AL LCEDRIRICE
EEBROND, Eio, FHMBRME AR I1Z 83~141
inds./Z OWENTELEBMBR SN, 1982 EDHEILH 2
FELHNR 30~40% NE L o T D, HAEIX19804E
Tl 1, 764 inds./Z (9 B), 1981 4ECld 501inds./Z (7
R), 19824ETl% 426inds./I(8 B) L DR ESIR=/
BEWHTEDE - TREN, B, BAEREL/NZL

o THED, FEMNBER, =FABICRD 3HAMERE
BHTh 5,

RIFHCRBELYEC F— 20837, ¥RFHEHER
EBOAREZ H20UT LA IV D IARBAIS DN ZIT
LWy FNCHHFEAME LTI 56 inds./Z(19804E 5 7)),
109inds./? (19814E 6 ), 50inds./l (198245 ) &
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Pk, BESRECEEE R TELR, FHHBRMGK
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SO 2 ~ 85 £, BE¥oTHHRAME
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Fig. 3. Monthly changes of copepod nauplius
abundance in the surface waters of the
surveyed area from 1980 to 1982. Dots
indicate sampling stations.
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Fig. 4. Yield of “Shirasu’’ (anchovy larvae)
(kg/boat/day) landed in Shizuoka Pre-
fecture from 1979 to 1982. The arrows
indicate days when the yield exceeded
200 kg/boat/day.
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Fig. 5. Relationship between copepod nauplius
abundance and transparency in the area
between Mikawa Bay and the western
part of Enshu Nada (data from July to
November 1980 and from August to Nov-
ember 1981).
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Fig. 6. Relationship between the yearly mean
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the wet weight of ‘plankton collected in
Enshu Nada and Suruga Bay from 1970
to 1981.
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Fig. 7. Yearly changes of the yield of
““Shirasu’’ (anchovy larvae) landed in
Shizuoka Prefecture from 1963 to 1982.
A indicates the period of the large
meander of the Kuroshio.
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Fig. 8. Distribution of anchovy eggs in coastal
waters from Suruga Bay to Kumano Nada
in spring from 1980 to 1982. The eggs
were collected with a ““Marutoku’’ plank-
ton net. Dots indicate sampling stations.
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