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Oceanographic structures and their variations of the seas near the Kii Peninsula,

and their influence on fishing conditions™

C 1 kD
Junichi Takeuchi

ABSTRACT

The tip of the Kii Peninsula extends southward towards the Kuroshio which flows along the southern
coast of Japan, and oceanographic conditions in the seas near the Kii Peninsula are strongly affected by the
current path of the Kuroshio. In Chapter 1, we divide the seas near the Kii Peninsula into three areas, the
southern Kumano-nada, the southern Kii Channel, and the northern Kii Channel according to their
bathymetric conditions and fishing conditions. Then, a general description of the relation between the path
condition of the Kuroshio and oceanographic conditions of these areas is given in Chapter 2.

In Chapter 3, the characteristics of the Bifurcation Current found along the southwestern coast of the
Kii Peninsula are discussed mainly by using current data taken by ADCP. It was shown that the Bifurcation
Current is usually generated when the Kuroshio takes a straight path, and when the separation distance of
the Kuroshio axis measured southward from Cape Shionomisaki is less than 20 nautical miles. The
bifurcation point of the current had been considered to be located near Susami. However, it was shown that
its location is very variable. Sometimes, it is located west of Cape Ichie. Then, if we consider only the
southwestern coast of the peninsula, the flow should be classified to be the Eastward Current. The
Eastward Current appears also when the Kuroshio takes a straight path, and has a similar nature as the
Bifurcation Current. The Bifurcation Current is shown to be stable, at least, for a few days. The eastward
flowing eastern half of the Bifurcation Current was shown to be a part of the current zone of the Kuroshio.
Fisheries activity for flying fish near Cape Shionomisaki is discussed in connection with the Bifurcation
Current.

A series of high density observations of the oceanic state near the Kii Peninsula was conducted in June
1996, when the Kuroshio was flowing in a typical straight path. The current zone of the Kuroshio touched
to the coast and bottom slope in a north-south cross-section passing through Cape Shionomisaki, and
coastal water to the west of the cape was completely separated to the east of the cape. Warm water intruded
near to the southwest coast of the Kii Peninsula, and the Bifurcation Current was formed. The Kuroshio to
the east of the cape was strengthened more than to the west of the cape. The cold water eddy was observed
to the east of the cape. Thus, warm Kuroshio water existed to the west of the cape, and cold water to the
east of the cape. This creates a sea level difference between Kushimoto and Uragami. When the Kuroshio
flows in a large meandering path, and when the Kuroshio axis is far from the coast, water exchange would

occur between east and west coastal waters, and the sea level difference would disappear.

UK EE RS A AR (B I LR R I IR o T HMETEL D)
2 ek 1B B bRk PRI A B i s &% — 7K BESA B 5 (Marine Fisheries Experimental Station, Wakayama Reserch Center
of Agriculture, Forestry and Fisheries)




7N oE—

In Chapter 4, two typical phenomena found in the southern Kumano-nada, the intrusion of a warm
water tongue into the coastal water, and the coastal upwelling are discussed. Temperature sensors were
attached to buoys of several shore set nets, and continuous temperature measurements were conducted.
Events of sudden temperature increases (temperature jump) were often observed. Temperature jumps were
usually observed at the set net at Taiji or Ukui, and then the jump occurred at the northern or southern
stations. The phenomena can be understood as the intrusion of a warm water tongue having a sharp front of
rounded shape. When the Kuroshio takes a straight pass, the warm water intrudes northward along the
eastern margin of the cold water eddy formed to the east of Cape Shionomisaki. The path of the intrusion
appears to be fixed even when the Kuroshio flows in a meandering path, and the observation station at Taiji
or at Ukui is the first affected. The warm water intrusion often carries schools of yellowtail into the coastal
waters, and gives a good catch for the set net fisheries.

When a strong southwest wind blows for more than one day, a considerable temperature decrease is
detected by the temperature sensors attached on buoys of set nets in the southem Kumano-nada. Duration
of the temperature decrease is short and about 1 week or so. We conducted aerial observations three times
per 8 days in the summer of 1985, and succeeded to catch the oceanic states just before upwelling, in
middle and the most active stage of upwelling, and in the decaying stage. The cold water extended 30km
along the coast, and its width was from 8 to 10 km in the most active stage. The cold area moved to the
south in the decaying stage, and then the cold water belt of about 3-5 km width extended eastwards east
from off Cape. Fishing conditions were abruptly changed by the occurrence of the coastal upwelling: warm
water species such as frigate mackerel disappeared after the upwelling occurred, and sardines and mackerel
were caught.

In the first half of Chapter 5, we discussed an anti-clockwise cold eddy, which is usually formed just
south of the shelf area of the northern Kii Channel, when the Kuroshio takes a straight path. Warm water
mass flowing around the eddy intrudes into the shelf region along the western coast of the Kii Peninsula,
warm water extends to a sufficient depth to reach the bottom surface of the shelf. Part of this warm water
flows into the northern Kii Channel along the coast. The northwestward current of the western part of the
Bifurcation Current would be entrained into the warm water mass rounding the cold eddy. Besides, an
intrusion of warm water mass having a sharp front was observed by an array of temperature sensors
installed on coastal set nets or on structure like piers. This warm water intrusion also entered along the east
coast of the northern Kii Channel.

In the second half of Chapter 5, cold bottom water on the shelf of the northern Kii Channel is
discussed. Cold bottom water intrudes onto the shelf in summer season, and had been considered as one of
main sources of nutrients to this area. However, the cold bottom water is not always nutrient rich. It can be
nutrient poor when it has been carried from near the Kuroshio current zone which is well separated from
the coast. If the bottom water originates from the anti-clockwise cold eddy just off the shelf; it is nutrient
rich. In the period after 1985, the nutrient amount of the cold bottom water has some correlation to the
separation distance of the Kuroshio axis in the period after 1987. The typical nutrient rich cold bottom
water was observed in 1995, and this water was analyzed in detail by a high frequency survey conducted in
the summer of 1995. However, in the large meander period from 1975 to 1980, the bottom water was
usually nutrient rich. Almost no oceanographic observations are available for this period, and so the origins
of the cold water can not be identified. The nutrient supply through the surface layer from the inland sea
area is considered to be equivalent to or larger than that supplied through the cold bottom waters. No

correlation was found between the occurrence of the cold bottom water and plankton abundance or
fisheries activity.
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Fig. 1-1. Location of the study area in this paper. The area is divided into the southerm Kumano-nada, the southern Kii
Channel, and northern Kii Channel. Locations of observation points, WS08, WE25 and WE35 which are selected
as representative points for the northern Kii Channel, the southemn Kii Channel and the southern Kumano-nada,
respectively. The locations of two tide gauge stations at Kushimoto and at Uragami are shown with V. Bottom
topography is shown. Numerals attached to bottom contours indicate depth in m. Locations of main rivers, of main

capes, and of main cities and towns are given.
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Fig. 2-1. Locations of observation points, WS08, WE25 and
WE35 which are selected as representative points for the
porthern Kii Channel, the southem Kii Channel and the
southern Kumano-nada, respectively. Bottom topography
and the locations of two tide gauge stations at Kushimoto

and at Uragami are shown with A.
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Fig. 2-2. Schematic representations of typical flow patterns of the Kuroshio in the vicinity of the Kii Peninsula: (a) at the time
that the Kuroshio is flowing in a straight path, (b) at the time that the Kuroshio is flowing in a large meandering path. The
Kii Biftrcation Current is usually observed off the southwest coast of the Kii Peninsula when the Kuroshio flows in the
straight path. Warm water often intrudes along the edge of the large cold water off Enshu-nada into the Kumano-nada area.
(¢) and (d) indicate transient states from the straight path to the large meandering path. A cold water mass is developed off
the Kii Channnel in the first stage (c), and then the cold water mass passes Cape Shjionomisaki and is abruptly developed
into a large area of cold water (d). The transition from the large meandering path to the straight path is gradual in the
vicinity of the Kii Peninsula.
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Fig. 2-3. Satellite image of the surface temperature
distribution just before the development of a cold water
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meandering path of the Kuroshio. Numerals attached to
isotherms indicate the temperature in “C which is also
differentiated by coloration. The picture was taken by the
Fisheries Research Division, Mie Prefectural Science
Technology Center (Nagata, 2003).
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Fig. 2-4. Temperature anomalies (in “C) from the standard
averaged seasonal variation (an example of the standard
variation is shown in Fig. 5-14 for WS08) are plotted
against the separation distance (in nautical miles) from
the Kuroshio axis measured southward from Cape
Shionomisaki: a) for the temperature at 50m depth at
SWO08, b) for that at 100m depth at WE25, and ¢) for that
at 100m depth at WE3S5. Data observed in the period
from 1963 to 1995 were used. Data are grouped for
segments along the horizontal axis. The widths of the
segments were selected so that all segments include
roughly the same number of data. So, the width of the
segment tends to increase as the distance of the Kuroshio
axis increases. Black circles connected with bold line in
the figure is the averaged temperature value for each
segment. Vertical and horizontal bars attached to each
black circle indicate standard deviations of temperature
and distance for each segment.
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Fig. 2-5. Depth (in meters) of 15°C surface at WE25 against
the separation distance (in nautical miles) of the Kuroshio
axis measured southward from Cape Shionomisaki.
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Fig. 3-1. Observation sites of the R/V Seisui-maru of Mie University on June 11-14, 1996 and of the R/V Wakayama of
the Fisheries Experimental Station, Wakayama Research Center of Agriculture, Forestry and Fisheries on June 11-12.
The CTD observation points by the R/V Seisui-maru and by the R/V Wakayama are indicated with black circles and
white circles, respectively, and the XBT observation points by R/V Seisui-maru with x. The horizontal temperature
distribution at the depth 0of 200 m (in “C) is also shown.
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Fig. 3-2. Temperature cross-sections (in °C) along three north-south lines of R/V Seisui-maru. The right panel shows the

condition to the east of Cape Shionomisaki, the middle that just to the south of Cape Shionomisaki, and the left that to the
west. (See Fig. 3-1 for their positions). Dots indicate the data points used for this analysis.



FE e B B0 DR E L S K ORI~ DR

Fig. 3-1 O7KIEFHEBITRSAVE, FERHT 85 B0
BEREEADS, TRV BRI CHE . > T B EANhn 5,
ZDEHERBK DI ~DOHENTHTIEL, 32§
LT 33 HiilZIV VT, ARFGER P A BN B IRD 45T
D BRE TI~%, ZAUIKIL T, #HEI5FD Line 3 @
TRFFER T, ARIBZ IR RIS TR L . ISR 5 D7k
IITH BEIEL T, BRI RO FIEL RS TN
Do

3-1-4 FAEERAIZIRN S 5AKiE

EE R H N DRI B DR T m b, 20k
Ml ZHAmKENE, FrgkilkEOEA 1 EOER
PRYEERTAICS, BSEER O L& TR I BRIS LS
HDTHD, ZORKIBEDFHN R SHIZRELRET 2,

1996 45 6 A 11-14 BOBHIFRACIT., AR HA>RFE)
(2T, KE 5m. 50m., 100m @ 3 JED ADCP (2L 5]
THERIA T TN, ZORIERRE Table 3-1 157,

Table 3-1. Current directions and speeds measured by R/V Wakayama at three depths (5m, 50m and
100 m). The direction is measured clockwise from north. See Fig. 3-3 for the positions of the
observation lines A through E. The numerals in the leftmost column indicate the distance from the

coast along each observation line.

Distance Depth Line A Line B Line C Line D Line E

) ko) ) (ko) ") (k) ) (kt) ) (kt)
2 miles Sm 85 1.2 o7 3.0 86 1.6 239 0.4 — 0.0
50 m 93 1.0 101 29 228 0.1 272 0.4 32 0.1
100 m 84 0.9 95 2.5 249 0.1 323 0.4 59 0.2
6 miles 5m 78 1.9 86 3.0 83 4.9 —_ 0.0 83 04
50 m 72 1.5 37 3.1 80 4.2 251 0.3 91 0.3
100 m 71 1.7 88 2.7 82 2.4 297 0.2 91 0.6
10 miles S5m 76 2.4 87 2.7 83 38 84 2.8 249 0.2
50m 73 2.5 83 2.6 83 33 78 0.8 228 0.4
100 m 59 2.2 81 2.3 84 23 150 0.4 242 0.4
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Fig, 3-3. Surface current field (5 m) measured by ADCP of the R/V Wakayama on June 1

1-12, 1996. a indicates

the position of the Kushimoto tide gauge station, b that of the Uragami tide gauge station, and ¢ Cape

Shiono-misaki.
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200m DZEGERE Fig. 34 (R T X248 25.9km DAL
TEE 2T 2, bUb, TSR > Tt
T BD . B (Vi) DRESEFE 2 OFREICKTL TE
BL7-b0% Table 3-2 |TRL Tdhd, ZORITIEL, ZOH0HE
VR B DRREE (33.5 N IZBT DA VDS () DARE
SHTRL TS, MHEH 200cm/s IZEETDE, wilnihial4
YDA I E#ET5, FEEs 100-150cm/s Th, T/ id=Y
AYD TN IR CERNRESITR B EN RSV TN
%, 200 100-150cmy/s (§9 2.0-3.0kt) &V D EFE, Table 3-1 (2

.
=

RUTCFBERO SR DRI C, 40, MERE LT E
USHETEHD, ZOIH, B STHBREEKIDNT DL,
FAVTFRBU IR T $, iz Bthoia 7o
Do TAVINELH BB TP AT DT LTI, I
TR EL D, ZOBKiRE BIOMIZELDKRE
IRIKIR AN B o N BRI L, Bl Fn A IR
THZURBEEA LN, |

FRNEERF D Z DMK R AT, ARRFHE T~
DEKEDEARGIL IR T DB 2605, ZOZEIC
DT, ARV Gl T 5,

Table 3-2. Centrifugal forces and Coriolis forces (in c.g.s) for
three current speeds, when the current is assumed to follow
the 200 m bottom contour just to the east of Cape
Shionomisaki. v is the current speed, r the radius of the
circle which is used to approximate the 200 m contour
near Cape Shionomisaki (25.9 km), and f the Coriolis
parameter at 33.5N (0.77 X 10757,

v 100cv/s 150cm/s 200cm/s
VA 039X 107 0.87%X10? 1.56 X 107
fv o 077X10% 1.15X 102 1.54 X 102

200 m

Cape Shionomisaki

Fig, 34. Coastline and 200 m bottom contour in the vicinity of Cape Shionomisaki. The bottom contour just to the

south and to the east is approximated by a circle (drawn in bold in the figure: the radius of the circle is 25.9 km).
Black dots indicate the positions of two tide gauge stations, Kushimoto and Uragami. The sea level difference
between these two stations is used to monitor the states of the Kuroshio path, namely in a straight path or a

meandering path.
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Fig. 3-5. Correlation between the position of the Kuroshio
axis measured due southward from Cape Shionomisaki (in
km) and the sea level difference between Kushimoto and
Uragami (in cm). The distance was determined from the
Prompt Report of Oceanographic Conditions published
bimonthly by the Hydrographic and Oceanographic
Department, Japan Coast Guard, and the sea level
difference averaged for each half month is used. Black
circles indicate the data which were taken at the time of a
large meander and white circles those taken at the time of a
straight path (Fujita 1997).
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Fig. 3-6. Correlation between the positions of the Kuroshio
axis measured due southward from Cape Shionomisaki (in
mile and km) and the sea level difference between
Kushimoto and Uragami (in cm) during January 1999 to
December 2003. The distance was determined from satellite
image of surface temperature distribution by the Marine
Fisheries Experimental Station, Wakayarma Research Center
of Agriculture, Forestry and Fisheries, and the sea level
difference averaged for each day is used.
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Fig. 3-7. Fishing ground for flying fish near Cape
Shionomisaki is shown as a hatched area. Main ground
is heavily hatched. Bottorn contour of 200m is shown.
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Fig. 3-8. Cormrelation between the position of the Kuroshio
axis measured due southward from Cape Shionomisaki
(in mile) and monthly catch (CPUE: kg/boat/day) of
flying fish in 1987-2002. Black circles indicated the data
August to November and white circles those April to
July. ’01.8 and *99.9 indicate the monthly catch in August
2001 and September 1999, respectively.

W L W
[T = R = I
T

Sea Level Dif.(cm)
W
=]
T

[u—y
(=

Sea Level Dif.(cm)

Fig. 3-9. Variation of the daily averaged value of the sea level
difference between Kushimoto and Uragami for the period
from September to November 1999 (upper panel) and July
to September 2001 (lower panel). The horizontal dashed
line at 25cm difference in the figure is the threshold value
whether the Kuroshio has a straight path or a large
meandering path. The straight path usually occurs if the
difference is larger than 25cm, and the meandering path
occurs if it is near or smaller than 25cm (Fujita, 1997).
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Fig. 3-10. Left side figures show current fields at 5m depth at the time of the best catches of flying fish during the
period from June 1990 to March 1993. Figures are aligned from top to bottom in order to CPUE (catch per unit
effort): CPUE was 569kg/boat/day on October 31, 1991 (upper figure), 338 kg/boat/day on October 29, 1992, and
250 kg/boat/day on September 16, 1992. Right side figures show current field at 5m depth at the times of the
poorest catches: 0 kg/boat/day on September 10, 1990 (upper figure), 0 kg/boat/day on October 24, 1990, and 35
kg/boat/day on October 29, 1990. Current velocity was measured with ADCP by the R/V Wakayama. Scales of
current vector and of distance are shown near left bottorn coer of each figure.
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Fig. 3-11. Location of the Bifurcation Current. A typical ADCP observation line is shown together with the current
field at a depth of 5 m on June 28, 1991. The observation line was usually selected so as to follow the 100m
depth contour which runs almost parallel to the coast. The current field shown is a typical example of the
Bifurcation Current (It the Typical Bifurcation Current). A: Cape Seto, B: Cape Ichie, C: Hiki River, D:
Susami, E: Cape Esu, F: Kushimoto, G: Cape Shionomisaki, H: Koza River, and I Ulagami..

'= T ' T = T T T
S | Bl ]
- Kii Peninsula K. Kii Peninsula
00kt: e ook . |
Lokes |
= - — |
g 8
& 8
II ..........
apritg,199% WS || peenmerc 1o0s
=z ) 1Dk =
8 L 1 i 5
) 8
i 1 1 .
WE 0 E 40E E
z ! ' ' = T T T
g i gl ]
kS N B
[ Kii Peninsula .comm Kii Peninsula
Gokt: e fokt: =
\ LOKI S —
= - \| .
a8k 2L
B g el
May 9, 1995 February 8, 1990
oo . zl o 1o
- - =] P E—
8 ‘gl-____L—__l_____—l————l———_j
wE WE e 3 0E WE 40E 50 €

Fig. 3-12. Typical examples of the Eastward Current (II: top-left, April 8, 1996), the Westward Current (II:
top-right, December 6, 1993), the Converging Current (IV: bottom-left, May 9, 1995), and the Irregular Current

(V: bottom-right, February 8, 1990).
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Bifurcation Current, II: the Eastward Current, HI: the
Westward Current, IV: the Converging Current and V: the
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Fig. 3-15. Scattered nature of the bifurcation position: the observed position in longitude are given on the ordinate,
and the observation time on the abscissa. Black triangles indicate the case of the Typical Bifurcation Current.
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Fig. 3-18. Correlation between the daily average value the sea level difference between Kushimoto and Uragami and
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Fig. 3-19. Distributions of the current divergence (in 1/sec.) along the standard line averaged for each year. The
distribution averaged for the whole analyzed period from 1988 to 1996 is also given in the first (top-left) figure.
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Fig. 3-23. Temporal variations of the position of the Kuroshio axis measured southward from Cape
Shionomisaki (in nautical miles and in kim), and the sea level difference between Kushimoto and Uragami
(in cm: see Fig. 3-11 for the positions of these tide gauge stations). This sea level difference is usually used
for monitoring the Kuroshio path off the Kii Peninsula (e.g., Kawabe, 1980).
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Fig. 3-24. Current divergence averaged for each flow pattern.
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Fig. 3-27. Observation sites of the R/V Seisui-maru of Mie University on June 11-14, 1996 and of the R/V Wakayama
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Table 3-3. Observation periods, positions of the observation lines and observation items. These lines are taken
roughly parallel to the coastline. In the names of lines and of runs, the first Roman numbers indicate the cruise
number; the capitals A through E, indicate the observation lines parallel to the coastline in alphabetical order
from coast to offshore in each cruise: small letters, a through c indicate the north-south observation lines in
Cruise I from west to east. The A line surveys were taken roughly along the 100 m depth contour, and were
identical for all cruises (the A line). The CTD used was the Niel-Brown Mark I1IB, and the used ADCP was the
CI-30 of Furuno Eleciric Co. Current speeds at three prescribed levels can be measured, and 5m, 25m and 50m
levels were selected in Cruise I, 5m, 25m and 75m levels in Cruises II and 1T, and 5m, 25m and 65m levels in

V
\
|
\

Cruise IV, respectively. The observation periods of the repeated runs are shown on the right in the

corresponding figures.
Cruise Line name Starting Ending
Time Position Time Position
I (1996) I-A(1) 20:34, Oct. 29  33°24.9' N, 135°45.6' E 22:52, Oct. 29 33°350’ N, 135°15.2' E

I-a 00:01, Oct. 30 33°30.0’ N, 135°20.0' E 09:51, Oct. 30 32°30.0" N, 135°20.0' E
I-b 11:41, Oct. 30 32°40.0" N, 135°45.2' E 19:05, Oct. 30 33°25.0" N, 135°44.8'E
I-A(2) 19:16, Oct. 30 33°25.4' N, 135°43.2' E 21:24, Oct. 30 33°33.9' N, 135°18.2'E
I-B 21:44, Oct. 30 33°31.7’N, 135°15.4' E 00:17, Oct. 31  33°21.8’ N, 135°454'E
I-c 03:53, Oct. 31 33°50.0° N, 136°09.9' E 16:28, Oct. 31 32°30.0° N, 136°10.3’ E

1997y IO-A 22:44, Jun. 24 33°25.0° N, 135°46.0' E 01:37, Jun. 25 33°36.2° N, 135°13.4'E

I-B 02:03, Jun. 25 33°34.1’ N, 135°13.1'E 04:29, Jun. 25 33°23.2' N, 135°45.3'E
II-C 04:54, Jun. 25 33°21.5' N, 135°44.2’ E 08:03, Jun. 25 33°32.3' N, 135°12.I'E
1I-D 08:43, Jun. 25 33°28.5" N, 135°10.4' E 10:53, Jun. 25 33°18.1" N, 135°44.0'E
IL-E 12:14, Jun. 25 33°13.7° N, 135°40.6' E 15:45, Jun. 25 33°24.6' N, 135°08.4'E
I-A()~(9) 13:57, Jun. 26  33°24.8' N, 135°46.1’ E

17:11, Jun. 25 33°34.0'N, 135°20.1'E

III (1997) IH-AQQ)~(10) 23:11, Oct. 14  33°25.0/ N, 135°46.1' E 22:03, Oct. 15 33°24.9' N, 135°46.0°E

II-B 22:22, Oct. 15 33°23.0° N, 135°45.0° E 00:51, Oct. 16 33°33.9' N, 135°13.2E
I1-C 01:12, Oct. 16  33°32.1’ N, 135°11.8' E 03:44, Oct. 16 33°21.1° N, 135°43.8'E
m-D 04:12, Oct. 16 33°17.5’ N, 135°42.6' E 06:52, Oct. 16 33°28.5° N, 135°10.0°' E
II-E 07:12, Oct. 16  33°25.0’ N, 135°08.5' E 09:43, Oct. 16 33°13.7’ N, 135°40.1' E

12:20, Dec. 4  33°25.2' N, 135%46.0°' B

IV (1997) IV-A(1)~(10) 13:13,Dec. 3  33°25.C" N, 135°46.1' E
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Fig. 3-28. Variation of the daily averaged value of the sea level difference between Kushimoto and Uragami for the
period from October 1996 to December 1997. The horizontal dashed Iine at 25 cm difference in the figure is the
threshold value whether the Kuroshio has the straight path or the large meandering path. The straight path usually
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Fig. 3-29. Current distributions in the period from June 24 to June 25 (Cruise II) for three depths of 5 m (upper
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Fig. 3-31. Temporal variation of howrly value of the sea level difference between Kushimoto and Uragami during
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variation can barely be seen in the variation curve of the daily average (Fig. 3-28). The time of the multi-line
observation and the repeated observation are indicated in the figure. Numerals with arrows indicate the run
number of the repeated observation.
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Fig. 3-32. Current field of each repeated run of Cruise If at 5 m depth. The observation period of each run is
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indicates the position where the current divergence was averaged (Table 34 and Fig. 344 a). The time required
to carry out each repeated line is usually less than 2 hours, and tidal currents appear not to influence the flow
pattern. The magnitude of the current vector is indicated at the right-upper comer of the figure.
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Fig. 3-33. The alongshore (left figures) and onshore (right figures) velocity components averaged for each 1 km
segment of the A line for repeated runs in Cruise II. The current value is given for the central portion of the
standard line (35 km in length from 33°33.0N, 135°23.0' E to 33°25.8N, 135°44.1'E: see Fig.3-32 for its
position). The fitll scale of the left figures is from -2 to 2 kt (-1.0 to 1.0 m/s), and that of the right figures is from -1

to 1kt (-0.5 to 0.5 my/s).
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Line name Depth ”
5m 25m
A 017 0.17 10 G
1I-A(2) 0.17 0.16 29th
II-A(3) 0.12 0.10
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Fig. 3-35. The observation sites of the CTD observations in Cruise I, and the resultant horizontal
temperature distribution at the depth of 200 m (in “C).
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Fig. 3-36. Current profiles at Sm (upper figure) and 50m depth (lower figure) in I-A(1) line in Cruise I
The magnitude of the current vector is indicated at the left-lower comer of the figure (in kt= 0.5 mvs).
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Fig. 3-37. Horizontal distribution of the current in I-A(2) and I-B in Cruise I. The magnitude of the current vector is
indicated at the left-lower comer of the figure (in kt = 0.5 m/s).

3-3-5 JI—X I CEHRIEN =GR

1997 4F 10 A 14-16 HIZ{Thilico—X T O
(Table 3-3) TV, Fig. 3-28 D EAS- B B E7KNIZE
P3HI40cm O EELTAEDS, 25cm 1Ty MEE CABI IR
YL DBDIHTATIOI ., FIERILIKEE =B KFRDIF1T
LTWA N TR EBHHUERIC L 5L, Z07/—X 1T
DEFEIRT<H%D 10 H 1720 AORIZ, B/ N T
DSFANEYE B L T OB ISP HESI TS, 20/ NEFT
DEZEN, FTIZo—X M OFLBRT, HEDOHE
DUTBU TV = RTREMEDS & Y, Fig. 3-38 12, Z/V—X 1M
DB 31 BRI ORI 22D BB 7~ 3 (K
EERIOREIDI TR, 155 10 DEdEEiRZ -
RENTIRT) o ZOKNTZED BEHU I X BB 200105 RO IR
BB HOND, F/h T HEE AT B OREZE 1
EL, EHRROI R 2R b D& R PITRLTH D,
R AL T 7D . BRI SIEES D30 2050
WA TR G- S3& D oHh B LR TOBISICEZ LI
Do ZOBAITIL, 100m U -T- A FAY ET
ADCP &RV Ve 10 B RIEBEIT N, ZOEAITH
DR DT80, BT TLI= 5 AOBEIT 18-
7= ADCP #BlIlE4T-7=,

A TAATIRST RO R4 Fig 339 (577,
ADD ABETORGESZ MO, BHHAIC

B THA ChAZ LA R TR, FREid i mAHiE
EREL, AR THAEAARL T D, AG)DD AB)THE,
DPINNTHRYSITAD RN BB, TEHDRLCES
IZAI RDSFROHIND, LD, S m DOV OFA LT
VY AQ) TR, WAZOFRIWA SR TALND, Fik
(KA TER) D A(10)y ThIEA IR T D3, Hrgash
BN EA T, B IR0 8 , 3-1 Hicik
AT, FAFE R EHEL TOBRHIEL T
b, BHIAEESD32 0B BT E L, KR B
WEERRICIT O A Lo TV E L BT LNTESL
e

Fig. 3-39 DIESEOFHHRIL, RS L
T BB ADLIL, A TAL DB, FIROUL CHfET
D, ZIVIEITOEEIDOIES T DT LITHEN A3, FFRTE
RDIRAIZEDZA (Fig. 3-38) LA ¥ TEZBHE, B
TSRS )W Do b EZ ADHEY ThDI,

TGO YEEEIN, EBIN 5 &k TiThhis,
FORERE 5m, 25m, 75m OEIEEIZ-OU VT, Fig. 340 12
Y, ERL=E5C, AQ0)DBEERTIE, Bl Fls
WRDEE o TUESTEEZ LI, 25m D C FA> k
THRD TN GR A HHNBH DO, Rz
FEEAAIIRROLIVR, Lol EpsFERIcEaIL T
V=g —X 11 D537 (Fig, 3-29) £~ B LB LS

46



AL B B OWFEEREE & BB L R E~ D BB

(2 TIRORITEC 55 LD RESIIIEFIFE
S TND, ZOFHUIERHOEIHEOIBREEZ NS
b, ZNA—X T DR (A7 bbb SEaE e BRI T

AUTZBRE ) O BB, 7 —2 11 DWRT 7
P Rt o Nl N NN QA P o e D Do

Sea Level difference

~d
{an}
L)

" Oct. 1997

]0 ||||||||||| [ TERTERENERN Bt TRERERRRNNER) | YNTRRERERET] | ITERERTRRER]

Repeated
Obs.

—

Multi-line Obs.

Straight
Path

Meandering
Path

oh 12h

Fig. 3-38. Same as in Fig. 3-31 except for Cruise IIL
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Fig. 3-39. Same as in Fig. 3-32 exceptat 5 m depth for 10 repeated runs in Cruise IIL
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Fig. 3-40. Current distribution at 5 m (upper), 25 m (middle), 75 m (lower) depths at the time of the multi-line observation
Cruise I1I. The magnitude of the current vector is indicated at the left-lower comer of the figure (in kt = 0.5 my/s).
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Kii Peninsula
December 3-4 1897 5m |
i

0 35 km

00kt: ©

Kii Peninsula O
December 3-4 1997 65 m i
. N\\
%\M\E 14 10 km

e R
A g "
%

IV-A(1)
13:13-15:40

IV-A(2)
15:54-17:46

IV-A(3)
18:01-20:24

IV-A(4)
20:32-22:24

IV-A(5)
22:36-00:51

IV-A(6)
01:11-03:04

V-A(7)
03:33-05:47

IV-A(8)
06:03-08;02

1IV-A(9)
08:10-10:15

IV-A(10)
10:19-12:20

Fig. 342. Current fields of each repeated run, TV-A(1) through IV-A(10), of Cruise IV at 5 m depth (left
figures) and at 65 m depth (right figures). The observation period of each run is shown in the rightmost
portion of each row of the figure. The magnitude of the current vector is indicated at the right-upper

comer of the figure.
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Fig. 3-44. Correlation between the hourly value the sea level difference between Kushimoto and Uragami and tl?e
current divergence averaged over the central portion of the standard line. a) At the time of the rf_:Peated n@ﬂm
Cruise II. The regression line is shown with a filll line and the square of the correlation coefficient is shown in the

figure.  b) At the time of the repeated runs in Cruise III: white dots indicate the case that the raw
ate, and black dots the case that the sea level difference has been used after

level difference is taken in the ordin

elimination of the tidal signal (see Fig. 3-38). The regression lines are shown as a das

line (Rz=0.702); respectively.
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Fig, 4-1. Locations of temperature observation points are shown with © marks. Names of the set nets are shown for

these observation points. Temperature sensors were attached to buoys of the set nets, and temperature at 20m depth

was measured. See Table 1 for details of the observations. The figure also shows the location of routine surface

temperature observation points with 2\ marks, station names are Sabiura (Sb), Kushimoto west coast (Kw),
Kushimoto east coast (Ke), and Katuura (Ka). The locations of two tide gauge stations at Kushimoto and at Uragami

are shown with ¥¢ marks.
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Table 4-1. List of observed data numbers in days and water depth at the set net stations (see Fig. 4-1 for

their positions).

Set net stations ARII ATAWA UKUI TAII URAGAMI SHIMO-  KASHINO
and sea depth TAWARA
Periods (m) 35m 40m 50m 50m 33m 34m 40m
72, Dec. ~’73, Jun. — —_ 149 139 — 48 121
’78, Dec. ~’74, May — — 133 87 — 120 80
*74, Dec. ~'75, Jun. 66 — 161* 155 — 43 118
*75, Dec. ~'76, Jun. — 96 78+ — 106 — 124
*76, Dec. ~'77, Jun. — 53 19g%F 128 — 43 152
*77, Dec. ~’78, May — 146 143% 145 — 140 148
78, Dec. ~79, Jun. — 182 154%* 145 — 144 161
’79, Dec. ~"80, Jun. — 183 192 145 — 134 164

* measured by Aanderaa RCM-4 from Feb.9, '75
**  measured by Aanderaa RCM-4
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Fig. 4-2. Variations of daily averaged temperature at 20m for period from December to next June of each year from >72
to “80. As seen in Table 4-1, available observations differ year by year. All of the available data are shown altogether
in each figure. All of the variation curves from 72 to *80 are given in the uppermost panel. The variations for each
year are given in other panels in order from 1972-1973 through *79-"80. The Kuroshio flowed in the straight path
from *72-"73 to *74-"75, and in the large meandering path from *75->76 to *79-"80.
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Fig. 4-3. Temperature variations at three points, Ukui, Shimotawara, and Kashino in the period from December 11 to

25,1973. Hourly values are used. See Fig. 4-1 for the location of these observation points.
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Fig. 4-4. Temperature variations at three points, Ukui, Taiji, and Kashino in the period from December 17, 197410
January 17, 1975. Hourly values are used. See Fig. 4-1 for the location of these observation points.
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Fig. 4-5. Temperature variations at four points, Ukui, Taiji, Shimotawara, and Kashino in the period from February 6 to
17, 1974. Hourly values are used. See Fig. 4-1 for the location of these observation points. An abrupt temperature

Jump is recognized at the portions shown with arrows.
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Fig. 4-6. Horizontal temperature distributions at the sea surface (left figure) and at 50m depth (right figure) on February
12-19, 1974. Numerals attached to isotherms indicate temperature in °C. w and ¢ indicate warm water tongue and
cold water tongue, respectively. Data observed by the Marine Fisheries Experimental Station, Wakayama Research
Center of Agriculture, Forestry and Fisheries, the Fisheries Research Division, Mie Prefectural Science Technology
Center, the Aichi Prefectural Fisheries Experimental Station, and the Hydrographic and Oceanographic Department,

Japan Coast Guard were used. Current field observed with GEK is shown in the left figure together using mformatlori
given a

given by the Hydrographic and Oceanographic Department, Japan Coast Guard. Scale of current vector 18
the lower right comer.
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Fig. 4-7. Cross-sectional temperature along two lines A-A’ (upper figure) and B-B’ (middle figure) the
positions of the lines are shown in the lower figure. Numerals attached to isotherms indicate
temperature in “C. w and ¢ shows relatively warm and cold portions, respectively. The same data

source was used as Fig, 4-6.
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Fig. 4-8. Temperature variations at five points, Atawa, Ukui, Taiji, Shimotawara, and Kashino (from top to bOttct)uHrz
in the period from March 18 to 25, see Fig. 4-1 for location of these observation points. An abrupt tempera

Jump is recognized at the portions shown with arrows.

63




M

1978 £E 4  23-25 HDFEH)

RIEEFIOR 1 B BHOREIL 5 RCOKIBZE A, 1978
4 A 21 BH5 29 HOBIRIZOVYT, Fig. 49 (2R,
ZORFDOFTHEIBTH 5 HADKIEIEK 17°ClefR
NTWT, AKIBOEERIEF /S, ZOHMICIIKE
Dx TR DI KR IE A DR, KR
FHHTRD AR o THERL T, ALl 4
SR B BB O AR o T kIR =R
%, Ba Ol ORLTHD, 20 4 DOKIRE{L SF—
BETHEZEND, R—DHBITEIODEB 2 HiD,
ZOBFAITEE, KB RS EP A FAFCEIY, ik
HDNTRITE DI DN CGREN TGRI TS, 1BEF-Cl
ZOHIROE I R CAHBNAKIR_EFHEAIC B
2T, R /2> TSR3, 26 B RIS S7okiR
FRZIUZHISL TOBISIZ BB, ZOAFADEN
v, R (Fig. 4-8) DA A ETTASIERNTE Y, 20D
FRiERD  KIRZEBIRRITIR> T 20 Tid/ed, 1
FRTHEAL T BB KIED BIBRIAROE N LA R
ZIDBNZEDZEERRL TNV,

Apr. 1978
21 22 23 24

1980 4£ 3 A 12-15 HDZEHY

FIU 5 s CRALIVZKIEZ A, 1980452 A 15 b
3 A 31 BETOHMIZ VT Fig. 4-10 {2~ $, ZOXKT
%, 3 A 1 BEZFLCKIRME T T28808 451, £
D TIEARRID 3 #SIZ e, Bl 2 S TiH BiEn
THZBNNFEAERRETHD, ZD%.3 A 12 AiZ
RO BEFPIEEST, FIEFTOFEORIAE 1 H
BAILD 13 BEARDZEGTEDN, FHREGHITTRAAE
THRI- TS, ZOKIRERE TIZ O S<KIBDOFE EFD
AIBZ KT, R 42 Hi CIR~BIRREFIEL TS
AIRZELEEITND, i, ZOBFIIITHKIRT v
THDEARDREGEIRAEK B LA DB MO FFIL
IpoTNVA,

IR — A B Y —RITORMFER 5 477
Bz AATIEREAKE (Fig. 4-11 £ ER)&H5&, iR
DEFT, HEPLEKRER IR OIS TODBIEN
ARSHL, O 3<EE 478 5.3 A 1120 HOmTIFRmEAKR
(Fig. 4-11 £ TR) #H5L, ZOBKEL, fRFE0H
SRR CREBFIRT S AL T D, ZOREAKE

25 26 27 28 29

c) ]
18 ATAWA

17 ooy

WWNMMM\/X\V—WM J/\'J-/\J—VJWAV |

18 UKUI N
17 o]
|
18 TAILJI
MMMWW /MP“”\/\_A/\_/\A/'\N_A
17 | |
' | |
op SHMOTAMARY | Y
] |
17
i
| | |
21 72 23 24 25 26 27 78 29

Fig. 4-9. Same as Fig. 4-8, except for the period from April 21 to 29, 1978. We paid special attention to the

events shown in the figure with hatched area.
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Fig. 4-10. The upper figure shows temperature variations at five points, Atawa, ‘Ukui, Taiji, Shimotawara, and Kashino
(fiom top to bottom) in the period from February 15 to March 31, 1980. See Fig. 4-1 for the location of these
observation points. An oblique line in the figure indicates the temperature decreasing event on March 1-2, and arrows
the temperature increasing event on March 13-15. The lower figure shows variations of daily catch numbers_ of
yellowtail at four set nets at Ukui, Taiji, Shimotawara, and Kashino. Gaps of horizontal bars indicate days of no fishing

o . b
activity. Cross marks indicate the catch was nothing, small white circles in the range between the catch num
small black circles between the catch number 10 and 99, large white circles

large black circles over the catch number 1,000.
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Fig. 4-11. Surface temperature distributions based on data taken in the period from March 1 to 10, 1980 (upper left figure)
and based on data taken in the period from March 11 to 20, 1980 (lower left figure) after the Japan Fisheries
Information Center, and temperature distribution at 200m depth based on data taken in the period ffom February 11 to
March 6, 1980 (upper right) and based on data taken in the period March 3 to 15, 1980 (lower right figure) after the
Prompt Report of Oceanographic Conditions published bimonthly by the Hydrographic and Oceanographic
Department, Japan Coast Guard. Numerals attached to isotherms indicate temperature in “C. w and ¢ show relatively

high and low temperature portions, respectively.
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Fig. 4-12. The upper figure shows variations of water temperature at 10m depth at three set net stations, Ukui,
Shimotawara, Kashino. See Fig. 4-1 for the location of these observation points. In the period from February 1 to 28,
1986. Variation at 1m depth at Goboo on the western coast of Kii Peninsula (see Fig. 1-1 for its location) for the same
period. The lower figure shows variations of daily catch number of yellowtail at four set nets at Ukui, Taiji,
Shimotawara, and Kashini. Gaps of horizontal bars indicate days of no fishing activity. Cross marks indicate the catch
was nothing, small white circles in the range between the catch number 1 and 9, small black circles between the catch

number 10 and 99, large black circles over the catch number 1,000.
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Fig. 4-13. Location of observation points for special observations conducted on August 28-29 (white circles),
and on September 2-5 (black circles), 1985. Station names are attached to stations, Line A through line G are

the observation lines adapted in the observation on

August 28-29. CTD observations were conducted by using

R/V Wakayama. Points shown with double circles indicate the set net observation points, and those shown

with triangles indicate routine surface temperature

coast, Ke is Kushimoto east coast, and Ka is Katuura. Locations of tide gauge station

observation points: Sb is Sabiura, Kw is Kushimoto, west
s at Kushimoto and

Uragami are shown by star marks. Location of towns, rivers and so on are also shown.
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Fig. 4-14. Variations of temperature at 10m depth at two set net stations of Taiji and Kashino (see Fig. 4-1 or
Fig. 4-13 for their locations) in the period from August 28 to September 7, 1995. Variation of three hourly
interval wind velocity at Cape Shionomisaki is shown above the figure. Scale of wind speed is given at left

upper cormer.
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Fig. 4-15. Daily maximum instantaneous wind velocity (a: scale of wind speed is shown right upper), of
surface temperatures (b: in “C) at four routine surface temperature observation points, Sabiura (Sb),
Kushimoto west coast (Kw), Kushimoto east coast (Ke), and Katuura (Ka) (see Fig. 4-13 for their
locations: Sb and Kw are located to the west of Cape Shionomisaki, and Ke and Ka to the east of Cape
Shionomisaki), at 9:00 a.m., of sea level difference (c: in cm) between Kushimoto and Uragami
tide gauge stations (the nominal sea level value at Kushimoto is subtracted by that at Uragami), of
daily catch (d: in kg/boat/day) and species constitution (e: in %: classification of species is shown
below the figure) by stick-held dip net boats belonging to the Katuura Fisheries Co-operative
Association.
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Fig. 4-16. Variations of horizontal temperature fields at the sea surface (upper figures), and at 10m depth (middle
figures), and horizontal salinity field at 10m depth (lower figure). Distributions observed on August 28-29,
September 2-3, and September 5, 1985 are shown in left, middle, and right panels, respectively. Nun?era'ls
attached to isotherms indicate temperature in “C, and those attached to salinity isopleths indicate salinity in

psu units. The area where surface temperature is below 26°C is shaded in the upper figures.

73




= —

A

6861 ‘¢ 1aquuerdeg 103 3deoxe /-y "S1,] ul se owesg "Ri-p 'S14

g dag s “day s dag
, . . . . 007

§ dag s dag s dag sdag

r100T

"UOIIBAISS]O JO U} Y} Je JoAe] SUI[O0ULIdY) 03 Spu0dsaLiod uorod siy], *papeys sI ), 67 Pue 07 U9amiaq st armeraduia) ateym uotnod oy,
'), UI armeladuis) 91ed1pul SULISYIO0ST 0] payoe)e sjelawmN “wrdrew Jaddn ay) U0 UMOYS 212 SIWEN UCLE)S PUB ‘SOUI] PATJOP [2O1SA SUO[E SPBW SIoM SJUSUISINSBIU
amjeradws], "¢861 ‘€-7 12qusideg U0 PoAlssqo saur| assyl Jo suonrsod 10y (g1-p "84 99s) D ourT YSNONY) Y SUI] UO SUONISS-SSOI0 eumeredun] ‘LI-p 814

¢ 'dag . o ¢ dag ) ) gedeg 7 dag 7dog gdog

74



Fe B D OURERE L BB L ORE~O R

5 (BEIESR),

Fig. 4-15 D ¢) &dH2L, 8 A 30-31 BIZHV VT, /KAL
23 25em (T MEZERL , 5112 —BEh -
IR FICERES o TV E X b, ZHELETD
RT3V TIEL 8 A 20 AT 30cm L F&7n it ih,
8 A 21 FITIE 30cm &l § B2k ArzEERL ., SR
(B CARALZE T &R 28055, B2zl
RIS 530 D28
Te&EZBIND, 8 A 28-29 AD/KEKT, BBl o
YRIRBHBEIRODIE, ZOZEIZKIEL TVWAD THA
Do

Fig. 4-13 ¢) OKALZEDMRAS, 8 A 31 B LA ERUI
CHTOEA, ZHUT BRI B ONE SV CE I L%
WFLBHEBRLAR, ZHUT, AKOZED#HRD 8 A 31 A
759 A 7T AETOEBRORRTN, EERFITRSTND
HOD, FBEFH DY NTAHD KIRZE Iz BSHELTUD
BT D, BFEAZ - THFROATEOWEKIRAME T3
FUT, EZOKRMAARTIEAZ TR, HER, HitRDk
ALAAR T ESEDILITI0D, HHRODKALLE DOREFEDOHEHR
DI REET DNIRATHY, RENVCEROER
A ABEL Y S, RO IR NS T DIRATZETE)

(mis)

IHBRICERLIEb DB BDNBERTHD, 2Dk
D35, ZORID EEA - TR OO /KA ZE T BB DB AR I
Z BLCUVRWETREMEDS RE W, BIVINET (4-34) T3
T, BRI O BN IR SE E - TWAH D XS
IR R L= DL, DL FEFIC LD, T, 2o
Z&X IRREBROFED IO RO T T, B
EHIOD ERAR - AR RN 220 BRI B R IR IO FERE L 13
TR0V NFTREMEATRL CRY | AN ZEEARIR T AT+
DEBTHNERHHEERLTD,

4-3-6 REBEROREERTHOBHIZDOLT
RETFHERE SR\ T 3RV B EDSIRY o I, TRR
BOKIEDPME T 5280, IBEELEDODEI- TV,
THAREORIEEF 1L, ZTha TS (BE T A) | LEFRL
Tz, LnL, RHEAR S —p3 i B &L ZEfiiAr—
b/ NS R AT BIERG FEF I ROILTO DT | HEEEE
HIC, ZOBGORERHDTHADDNCESN=DIE, BLE
ICIRARTELHHIZNTTHD, LnL, 5RO FERDIR
IR/ 3643 DT, IR BT A TEHIKIR.
B, EEMERE ZFIA L EBKRERITRL 5N
TUND, ZZCHE, 4-2 B Caml7z 1972 4055 1980 FE4TAH>

+15 ‘

i

) N

5 " U
0 n/“‘/\\//\/\/\/\\/ —~N_

s I V\/\“/\/\_/\,‘/\A_/\/\/\j*\/\\__,w- -
10 | | l | [ I —+150
-+
PAVAS - Jhn VY AVV/\/\LJ\V/_, \—\/ﬂ s
. I l i | | | | i :10
20 |
P | ’ ‘ TALI ' 1
L o PR Dl T

» SHIMOTAWARA
| |

29
1973, Apr. May.

3 4 5 6

Fig. 4-19. Variation of northward and westward components velocity (upper figures) observed at Cape
Shionomisaki, and of temperatures at 20m depth (lower figures) at three set net stations, Taiji, Shimotawara,
and Kashino (see Fig. 4-13 for their locations) in the period from April 29 to May 6, 1973. The portion that
wind blew in a favorable direction for coastal upwelling is shaded in the upper figures.
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Fig. 4-20. Variation of northward components of wind velocity (upper figures) observed at Cape
Shionomisaki, and of temperatures at 20m depth (lower figures) at three set net stations, Kinomoto,
Shimotawara, and Kashino (see Fig. 4-13 for their locations) in the period from April 3 to 10, 1975. The
portion that wind blew in a favorable direction for coastal upwelling is shaded.
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Fig. 4-21. Variation of temperature at 20m depth at three set net stations of Taiji, Shimotawara, and Kashino (see
Fig. 4-13 for their location) in the period from May 17 to 23, 1979. Variation of three hourly interval wind
velocity at Cape Shionomisaki is shown above the figure. Scale of wind speed is given at the right upper corner.
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Fig. 5-1. Station maps of the routine observations carried out by the Marine Fisheries Experimental Station, Wakayama
Research Center of Agriculture, Forestry and Fisheries (renamed fiom the Wakayama Prefectural Fisheries
Experimental Station). (a) Stations of the offshore lines: white circles indicates CTD stations, x XBT stations, and +
surface water sampling stations. Station name is attached to each CTD station. A CTD station between AI-7 and Al-8 is
occupied optionally and no name is given. Al and SI are the line names. (b) Stations of the coastal lines (white circles)
and shallow water lines (black circles), respectively. Numeral attached to each station is the station number, and WS is
attached before the station number for the shallow water stations and WE for the coastal stations number, respectively.
The station WE-15" is an additional station at the time of high frequency survey conducted in 1995. (©) Stations adapted
in the high frequency survey conducted in July 25-26 and in August 24, 1995.
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Fig. 5-2. Locations of 8 automatic temperature observation stations, K2, K3, K4, K5, K6, K7, Ol, and O2.
Temperature sensors were set by using buoys of available fixed shore net, coastal piers and so on. Details of

observations such as water depth, sensor depth, instrument type, setting condition and so on are shown in Table
5-1. The observations were conducted during April and May in 1994. KU and UR indicate locations of tide gauge
stations of Kushimoto and Uragami, respectively. Fishing ground of two-boat encircling net off Kii Channel is

shown with hatched area.

Table 5-1. Details of automatic temperature observations.

Station Water Observation Observation Periods  Mount Type of
(Location name) Depth Depth Body Instrument
K2 (Satono) 30m 10m Jan.-July, 1994 Set-net buoy RMT™!
K3 (Tubaki) 28m 23m Feb.-July, 1994 Set-net buoy RMT
K4 (Oobiki) 30m 10m Jan.-May, 1994 Set-net buoy RMT
K5 (Ooi) 35m 30m Apr.-May, 1994 Set-net buoy RMT
» 35m 30m July-Aug., 1994-1995 Set-net buoy SBE-15"2
K6 (Nushima) 23m 23m Apr.-May, 1994 Set-net buoy RMT
O1 (Tomogashima) 6m 3m Jan.-July, 1994 Pier RMT
02 (Yura) 10m 4 5m Feb.-May, 1994 Anchor buoy  Thermister chain”3
K7 (Fukura) 5m 3.5m Feb.-May, 1994 Anchor buoy Thermister chain

"' Manufactured by Rigo Co. Ltd., *2:

Sea-Bird Co. Ltd., *:

Aanderaa Co. Ltd
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Fig. 5-3. Horizontal distribution of current velocity on 17m
depth surface, which was observed with ADCP by the
Marine Fisheries Experimental Station, Wakayama
Research Center of Agriculture, Forestry and Fisheries in
the period from November 20 to 21, 2001. The scale of
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Fig. 5-7. Near surface current field based on ADCP observations conducted by various agencies in the area off Tosa
Bay and the Kii Channel in the period fiom August 22 to 31, 1999. The observations include results of a special
project conducted by the Fifth Maritime Safety Headquarter, and of routine observations conducted by the Marine
Fisheries Experimental Station, Wakayama Research Center of Agriculture, Forestry and Fisheries. (Special Issue of
Prompt Report of the Regional Oceanographic Condition published by the Maritime Safety Headquarters on
September 1, 1999.) The scale of velocity vector is given in left top comer. Position of the current zone of the
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Fig. 5-10. Temperature cross-section along the longitude of 134°55°E (Al line) on August 29-30, 2001. Numerals
attached to isotherms indicate temperature in °C. CTD observation points are shown above the figure with
station names. Two points between AI-9 and AI-10 and between AI-10 and AI-11 are XBT observation points.
Data were read at the interval of 5m for each station. Two vertical arrows shown above the figure indicate
boundaries of zone of westward current, determined from ADCP observations (Fig. 5-8).
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Fig, 5-11. Same as in Fig. 5-10, except for on November 20-21, 2001. Zone of westward current, indicated by the
two arrows, was determined from ADCP observations (Fig. 5-3)-
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Fig. 5-13. Satellite images of sea surface temperature data source from AGROPEDIA of the Agriculture, Forestry
and Fisheries Research Center. (a) April 21-22, (b) April 24-25, (¢) April 26-27, and (d) April 28-29, 1994.
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Fig. 5-14. Seasonal variation of temperature at 50m depths observed adjacent to SW08. All temperature values
observed in the period from 1967 to 1996 are plotied against the day number counted from January 1 of each year.
The solid curve shown in the figure is the running average for 31 days. Total number of the data is 1,135.
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HEBUS SRR HEBE NI U e LT = 0 A 1986, FERIEAY 1997, IPIEAH 1997, 4 - FMH 1998,
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Fig. 5-15. Seasonal variation of vertical temperature profile in each year from 1976 to 1985. Numerals attached to
isotherms indicate temperature in °C. Portions where temperature is below 18°C are colored with gray. Amows

below the figures indicate the time when cold water was seen near the bottom.
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Fig. 5-16. Temporal variations in the period from 1967 to 1996 of the distance (in nautical miles) of the Kuroshio axis,
which was measured southward from Cape Shionomisaki (a), of averaged temperature for July, August and
September data of each year (white circles) and of the minimum temperature among three months (black circles)
measured at 50m depth of SWO08 (b), and of averaged and the maximum salinity obtained by the same manner (c).

The distance of the Kuroshio axis was determined from the Prompt Report of Oceanographic Conditions published

bimonthly by the Hydrographic and Oceanographic Department, Japan Coast Guard. The values plotted here are
bimonthly data (thin line) and 2.5 months running mean (bold line) in the top figure. Distance of 30 nautical mile is

shown with a horizontal line. The horizontal dotted line in the middle figure shows 18°C. The typical cold bottom

water is defined when the minimum temperature is below this temperature. Vertical dashed lines indicate the

occurrence years of cold bottom water, except for 1968, 1986 and 1991 when low salinity values were observed.
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Fig. 5-17. Vertical temperature profiles in August from 1988 to 1996 at WS08.
Numeral attached to each profile indicates the measured year.
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Fig. 5-18. Temperature (upper figures) and salinity (lower figures) cross-sections along Al line on July 18-19 (a),
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Fig. 5-23. Relation between water temperature ("C) and DIN (Dissolved Inorganic Nitrogen: 1 g-at/l). The data observed
near bottom in August or September in the period from 1976 to 1990 and from 1992 to 1998 are used. White circles
indicate the data taken in the year that summer cold water was observed, black circles indicate the data taken in 1990,
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Fig. 5-25. Same as in Fig. 5-24, except for in August 1982
(upper figure), for in August 1987 (middle figure), and
for in August 1988 (lower figure).
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Fig. 5-27. Same as in Fig. 5-24, except for in August 1979
(upper figure) and for in August 1993 (lower figure).
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Fig. 5-28. Relation between water temperature (°C) and DIN ( 1 g-at/l): (a) in August 1977, (b) in August 1981, (¢) in
September 1985, (d) in August 1986, (€) in August 1989, () in September 1992, and (g) in August 1994. No bottom cold

water was observed for these years.
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Fig. 5-29. Locations of the observation stations conducted 330N Qk{“vz

on July 25-26, 1995. CTD observation and water
sampling at Om and 50m depth were made. Station name
is attached to each station. Water sampling at 50m depth
was missed at station F-6 where DIN values are not
shown. Numeral attached to each station shows DIN at

Fig. 5-30. Locations of the observation stations conducted
on August 1-2, 1995, Black circles are shallow water
stations (black circles: usuvally identified with WS

. attached on front of station number), and white circles

S0m depth in 1 g-at/l are coastal stations (white circles: identified with WE).

Numbers attached to stations indicate station number.

Water samplings in depth interval of 5m were

conducted at shallow water stations WS08 and WS11,

together with CTD observations. DIN in the bottom

LAwa iy v layer (1-3 m above bottom) are given blue numbers in
B A . D
b Soart % : / 1 g-at/l. Numerals in parentheses indicate water depths
=% 5.5om2 7 | e
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Fig. 5-31. Locations of the observation stations conducted
on August 21-22, 1995. CTD observations and water 137108 TS0 1350E 13640 185'50E

samplings at Om and 50m depth were made. Station

i . Fig. 5-32. Locations of the observation stations conducted
name is aftached to each station. At stations shown by +

on August 24, 1995. CTD observation and water
sampling at Om and 50m depth were made. Station
name is attached to each station. Numeral attached to
each station shows DIN at 50m depth in p g-at/l. Water
sampling at 50m depth were missed at station F-10
where the DIN value is not shown.

marks, water sampling were made only for surface.
Additional water samplings at Om and 50m were made
at XBT stations shown with x mark. Water sampling at
50m depth was missed at station SI-6. Numeral attached
to each station shows DIN at 50m depth in 1. g-at/l.
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Fig. 5-33. Vertical profiles of temperature (+ marks: in “C), sigma-t (black circles), and DIN
(black squares: in 1 g-at/l) at WSO8 (left figure) and WS11 (right figure) on August 2, 1995.
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Fig. 5-34. Relations between temperature and DIN at WS08 (black circles) and WS11 (white
circles). See Fig. 5-33 for their vertical profiles.
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Fig. 5-35. Relation between temperature and DIN for the data taken in the high frequency survey conducted 1n Jul}; |
and August, 1995. Data are classified for observed period and depth ranges with various symbols. Details o
classification are shown in the table given at the right top comer of the figure.
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Fig. 5-36. Temporal variations of plankton biomass in the northern Kii Channel in the period from 1972 to 1998: figure a

shows the variation of wet weight in g/i’, and figure b settling volume in ml/m’. The average value over 15 shallow water

stations was calculated for each month. Data from April to September (spring-summer season) are shown with white

circles, and those from October to March (autumn-winter season) with black circles. Arrows attached to the upper margin

of the upper figure indicate the year when summer cold bottom water was found on the shelf. Analyzed period can be

classified into I, I1, and 11T as shown in middle figure.
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Fig. 5-37. Seasonal variation of plankton biomass (in g/nr’)
for each year. The variations are shown for period I
(1972-1981: upper figure), for period I (1982-1990:
middle figure) and period IIT (1991-1998). Identification
of the year is given with symbols as shown on the right of
each figure.
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Fig. 5-38. Seasonal variations of the mackerels catch (in tons
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belonging to Tanabe Fisheries Co-operative Association. The
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(1991-1998: lower figure). Identification of the year 1s given
with symbols as shown on the right of each figure. . -
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Fig. 5-39. Seasonal variations of temperature measured at
50m depth of WS08 (upper figure, in “C), of plankton
biomass (middle figure, in g/m’), and of the mackerels
catch (lower figure, in tons). Monthly averaged values
are given for period I (white circles connected with
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Fig. 540. Variation of yearly catch of the scads (x1000 tons)
in the Kii Channel area (including southern and northern
areas) from 1977 to 1998. Periods I, II, and III are shown at
the bottom of figure.
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Fig. 541. Variations of yearly catch of the Japanese Spanish
mackerel (in tons). Yearly catches in the Kii Channel area
(black circles connected with bold line), in Oosaka Bay
(black triangles connected with thin line), and in Bisan-seto
(white squares connected with dashed line) are shown in
upper figure, and yearly catch in the Harima-nada is shown
in lower figure. Periods I, II, and Il are shown at the bottom

of the upper figure.
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