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Implication of onshore-offshore shifts of the Kuroshio axis for
coastal shirasu fishery in the Enshu-nada Sea

Joon-Tack Yoo', Hideaki NaKATA

This paper analyzes how the oceanographic changes induced by onshore-offshore shifts of the Kuroshio axis affect the
spring fishery catch of shirasu in the Enshu-nada Sea, off the central Pacific coast of Japan. When distance of the
Kuroshio axis from Cape Shionomisaki became larger and that from the Miyake-jima Island became smaller, the
Kuroshio water more frequently intruded into the Enshu-nada Sea. On the other hand, mean residence time of river
water in the shelf region of this sea calculated as an index of retention of coastal water became shorter, responding to
stronger Kuroshio water intrusion. The shorter residence time further corresponded to the decline of macroplankton
biomass in the shelf water. These changes in oceanographic conditions possibly contributed to the variation in fishery
catch of anchovy shirasu to the same extent as the change in anchovy spawning biomass (indicated by egg and larval
abundance) in this sea. Enhanced retention of the coastal productive water apparently resulted in higher anchovy shirasu
catch, while stronger influence of the Kuroshio and accelerated water exchange gave benefit to sardine shirasu.
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Figure 1. Stations for monthly observation of the Aichi Prefec-
tural Fisheries Research Institute (top), and a schematic view
of warm water intrusion from the Kuroshio into the Enshu-
nada Sea (middle and bottom).
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Figure 2. Correlations between the distances of the Kuroshio

from Cape Shionomisaki and Miyake-jima Island (Febru-
ary-May) and mean temperature at a depth of 10 m (March—
May) in the Enshu-nada Sea, 1982-1997.
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Figure 3. Relationship between the observed sea level at

Miyake-jima (March—-May) and the sea level expected from a
multiple regression model, where X, is distance of the
Kuroshio from Cape Shionomisaki and X, is that from
Miyake-jima, 1982—1997 (upper). Relationship between the
sea level at Miyake-jima and the sea level at Cape Omaezaki
with a time-lag of 10days both from March to May,
1982-1997 (lower).

BIEEIN D B & DR S,

KAZ RO FANE S BINERR R KD RO E D
LALEFNB 720, BHERKOBADOTHERE U -Ciife =
T PR A B R RIS B
pefl o ERPRRIC & B HEE AT
R OHEEE & (1) RERWTER
ek -l & OBk Fig. 41217
"Zﬁjfmif[ffiﬁﬁ‘ bEhBZ Ens, Bl
IEETRIEE (TabbERRAN (‘tu

BEMISRIC 54F 27 KO Z e it

i
B D -3
@@%KK;6+W
NF =2 mEMNS

b ]
in=e]

wiEDRMIZE
WiC R L S
ALRTWEE),
NBEZENGN5.
O &I BRIBFEKOZHREEDOENIZ LT, TV
Iy@ﬁ%&ﬁ#”miéﬁﬁmﬁ%iahé.%:fé
WO RIS 3~5 ADT) OiEh, A
;K w%#ammw DFEFEHOYPGHDOREEL LT
i 2~4 A, #HEDH
ié%ﬁdﬁ®ﬂé®ﬁﬂ
Lf@mm bﬁéﬁ£<35f®TW) NN
ERTIMA T, Lm%ﬁw@m@&@ﬁ&% T5vsu
75 Vo b v ROEHEEIZOWCEBR NI & B BT

\_ N

S P



i s, bRy

14 ,
| - B - Expected |

12

4 10

® B

£

8%

53 6

-5 ©

.(7) ;

ey 4

= 2 r
0 L L L 13 L 1 i L 3 1 1 L 1 1 I3 1

80 81 82 83 84 85 86 87 88 89 90 91

92 93 94 95 96 97

Year

Figure 4. Mean residence time of river water in the shelf region, calculated from salinity budget (solid line) in comparison with that ex-
pected (dashed line) from a multiple regression model. The multiple regression equation is: mean residence time of river
water=—0.56X,+0.27X,+9.29, R=0.70, P<0.05, where X, is distance of the Kuroshio from Cape Sionomisaki and X, is that from

Miyake-jima, both from 1980 to 1997.
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Figure 5. Observed wet weight of macroplankton averaged
from March to May in the innermost part of the Enshu-nada
Sea in comparison with that expected from a multiple regres-
sion model. The multiple regression equation is: In (wet
weight of macro plankton)=0.52X,+0.46X,+0.19, R=0.68,
P<0.05, where X, and X, are mean residence time of river
water (days) and global solar radiation (MJ m™?), respec-
tively.
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Figure 6. Time Series of the fishery catch of anchovy shirasu averaged from April to June (solid line) and the num-
ber of anchovy eggs averaged from March to May (dashed line) in the Enshu—nada Sea, 1970-1998.

Table 1.
chovy.
a Eigen values and contribution ratios

Results of principal component analysis (PCA) for an-

Contents of PCA PC1  PC2 PC3
Eigen value 2.1 1.3 0.7
Contribution ratio (%) 420 26.1 146
Accumulated contribution ratio (%) 420 68.1 827

b Factor loading of the first (PC1) and the second (PC2) principal
component.

Factor PCI PC2
Temperature 0.92 0
Salinity 0.83 0.06
Wet weight of macroplankton —0.75 0.12
Number of eggs 0.1 0.79
Number of larvae —0.04 0.81
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Fishery catch of anchovy shirasu averaged from April to June (solid line) in comparison with that expected

(dashed line) from a multiple regression model. The multiple regression equation is; fishery catch of anchovy shi-
rasu=—0.51X,+0.43X,+576.1, R=0.77, P<0.05, where X, and X, are the first and the second principal compo-

nent, respectively.

Table 2.
dine.
a Eigen values and contribution ratios

Results of principal component analysis (PCA) for sar-

Contents of PCA PC1 PC2 PC3
Eigen value 2.1 1.0 1.0
Contribution ratio (%) 425 202 194

Accumulated contribution ratio (%) 425 627 820

b Factor loading of the first (PC1) and the second (PC2) principal
component.

Factor PC1 PC2
Temperature 0.91 0
Salinity 0.85 —0.16
Wet weight of macroplankton —0.72 0.08
Number of eggs 0.23 0.47
Number of larvae 0.1 0.87
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