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Oceanographic Structure in Funka Bay

Kiyotaka OmTaNi* and Kazuo Kipo* ’

Abstract

The waters of the Oyashio system which have in their upper layer the extremely
cold water of the melted drift ice coming from the Okhotsk Sea, flow into Funka
Bay from February to June as exchanging with the more saline and denser Winter
Funka Bay Water which has transformed from the waters of the Tsugaru Warm
Current. Much diatomaceous phytoplankton is produced during the early
spring in the area where both waters meet.and which contains nutrients of medium
concentration. As the nutrients are consumed, the nutrient concentration in
the euphotic zone of the bay rapidly decreases.

In late spring the waters of the surface layer are diluted by the water of
melted snow from the mountains, and are warmed by the increases of the insolation
and the air temperature as summer approaches. A pycnocline with a large
vertical gradient is consequently formed between the surface and middle layers,
and is maintained throughout the summer until mid autumn. Since this
pycnocline prevents the transfer of heat from the surface o the deep and prevents
the transfer of nutrients from the bottom layer to the upper, the water below
the pycnocline remains cold, and the surface layer continues to lack nutrients
until the late summer.

In contrast with the surface layer, the basin water at a level deeper than
the sill depth at the entrance of the bay is supplied with nutrients released
from the organic sediment on the sea floor which stagnates in the basin. However
this enriched bottom water intermittently also flows out of the bay over the
sill.

In late summer, waters from the Tsugaru Warm Current come into the bay
through the middle layer beneath the upper one. The cold mid water in the
bay which originated from the Oyashio waters flows out of the bay along the
east coast of Oshima Peninsula bringing the nutrients released in the deep, as the
Tsugaru Warm Current waters intrude into the middle layer. Therefore the
standing amount of nutrients in Funka Bay is minimized at that time.

The whole of the bay is occupied by the more saline water from the Tsugaru
Warm Current in late autumn, and then the stratified structure of salinity and
temperature is changed into a homogeneous one with the convectional mixing
generated by cooling.

The severe winter cooling makes a cold and dense homogeneous water, and
raises the nutrients accumulated in the bottom layer to a shallower depth. This
water is called the Winter Funka Bay Water. The euphotic zone consequently
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recovers its concentration of nutrients which had been low throughout the
stratifying season and until the arrival of the Oyashio waters.

These yearly repeating changes of water masses and oceanographic structure
are a characteristic phenomena of Funka Bay.
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Fig. 1.

Positions of hydrographic stations
and location of vertical sections used in
the following figures. Solid lines indi-
cate the isobaths and the broken line
indicates the boundary of Funka Bay.
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Fig. 3. Horizontal distributions of temperature and salinity at a depth of 30 m (A), and
on the bottom (B), in February, 1974.
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Fig. 4. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)

along the sections shown in Fig. 1, in February, 1974.
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Fig. 5. Horizontal distributions of temperature and salinity at a depth of 30 m (A), and
on the bottom (B), in March, 1974.
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Fig. 6. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower).
along the sections shown in Fig. 1, in March, 1974.
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Fig. 7. Horizontal distributions of temperature and salinity at a depth of 30 m (A),

and on the bottom (B), in April, 1974.
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Fig. 8. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PQ,-P concentration with ratio of dissolved oxygen saturation (lower)

along the sections shown in Fig. 1, in April, 1974,
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Fig. 9. Horizontal distributions of temperature and salinity at a depth of 30 m (A), and
on the bottom (B), in May, 1974
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Fig. 10. Vertical »seétions of temperature and salinity (upper), thermosteric anomaly
{middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in May, 1974.
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Fig. 11. Horizontal distributions of temperature and salinity at a depth of 30 m (A),
and on the bottom (B), in June, 1974. N
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Fig. 12. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in June, 1974.
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Fig. 13. Horizontal distributions of temperature and sahmty at the surface in June,
1968 (A) and’in July, 1969 (B). .
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Fig. 14. Horizontal distributions of temperature and salinity at a depth of 50 m (A),
and on the bottom (B), in July, 1974. }
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Fig. 15. Vertical sections of temperature and salinity - (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in July, 1974.
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Fig. 16. Horizontal distributions of temperature and salinity at a depth of 50 m (A), and
on the bottom (B), in August, 1974. .
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Fig. 17. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in August, 1974.
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Fig. 18. Hirzontal distributions of temperature and salinity at the surface (A), and at
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Fig. 19. Vertical sections of temperature and salinity (upper), thermosteric snomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in September, 1974, °
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Fig. 20. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, on Sep. 30 and Qct. 1, 1974.
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Fig. 22. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the sections shown in Fig. 1, in November, 1974.
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Fig. 23. Vertical sections of temperature and salinity (upper), thermosteric anomaly
(middle) and PO,-P concentration with ratio of dissolved oxygen saturation (lower)
along the section C observed in December (A) and in January (B), 1978.
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Fig. 25. Isopleth of mean PO,P
concentration averaged from
monthly observations (A),
amount of standing stock of
PO,-P accumulated from the
surface to the bottom for the
whole bay (B) and decrement
of standing stock of PO,-P
at each depth, referred to the
standing stock in February
(C). Shadow indicates the
maximum decrements at each
time.
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