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The world richest ocean

Takahashi et al., 2002



HNLC and iron limitation hypothesis

NO3Concentration



Giant Fish‐Breeding Forest hypothesis
E l i l li k b h i d‐Ecological linkage between the continent and open waters‐

・In the Sea of Okhotsk and Oyashio region, primary production 
d d i t t f th A Ridepends on iron transport from the Amur River.

・In the Amur River basin, the dissolved iron 
originates in wetland and forestoriginates in wetland and forest.

・Excessive land use changes in the Amur River basin affect・Excessive  land‐use changes in the Amur River basin affect 
the flux of dissolved iron and then to  the primary  production 
in the Sea of Okhotsk and the Oyashio region.

・International cooperative effort on conservation on the GFBF is necessary for the 
sustainability of marine ecosystem in the Sea of Okhotsk and Oyashio open water.



Amur River basin and the Sea of Okhotsk

Sea of
Okhotsk

JAPAN



Intermediate Water Iron Hypothesis (Nakatsuka, Nishioka and others)



Entrainment of particulate iron from 

Intermediate Water Iron Hypothesis (Nakatsuka, Nishioka and others)

(3)
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Most of the dissolved 
iron precipitates in
the estuary area and it is
transported to the

p
the shelf bottom to sea-ice brine
water (Dense Shelf Water) due to 
the strong tidal mixing there

(3)

(4)★

★

transported to the 
continental shelf area Penetration of particulate iron into 

the intermediate layer together with
Dense Shelf Water and southward(2)

(4)

Supply of large amount 
of dissolved and particulate

Dense Shelf Water and southward 
transport by East Sakhalin Current

Dissolution of particulate

(2)

of dissolved and particulate 
iron from Amur River

Dissolution of particulate
iron and its supply into
surface layer by winter 
vertical mixing(1)

Redistribution of iron
into a wide range of 
intermediate depth 
by tidal mixing

Horizontal transport of 
iron via intermediate layers

= Uptake by organisms
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by tidal mixing 
through straits

iron via intermediate layers 
in the region of Oyashio 
and Western North Pacific

(5)
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Nishioka et al. (unpublished)



Summary of total iron
E(g/yr) transport  E
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Conditions to dissolve iron (Fe) into river (Amur)
In oxic environment, iron is Fe3+. It cannot be dissolved in water.

Wetland River

(1) “Water” – environment such as Wetland

Movement of 
groundwater

Fe3+ → Fe2+ （In anoxic condition,

Fe2+ → Fe3+

Fe3+ is reduced to Fe2+, dissolved 
into groundwater and finally
discharged to river.

Fe2+ is easily
oxidized and
sinks down 

(2) “F t” l f h i b t quickly again
in river…

(2) “Forest” – supply of humic substances

Supply of humic
substances such

Formation of complex
(fulvic acid＋Fe3+)
→can be dissolved

substances such 
as fulvic acid into
river



Land cover/Land use changes in the Amur 
River basin between 1930s and 2000

1930s 2000

Ermoshin and Ganzey  (2008)



Drastic wetland decrease in the Sanjiang plain

Amur River108,829km2

Naoli River

Songhua River Baoqing

Ussuri River

Zhang Bai and Onishi, unpublished



Drastic wetland decrease in the Sanjiang plain

Amur River108,829km2

19 450 km2 9 466 km2 9 069 km2

1980 1996 2000

19,450 km 9,466 km 9,069 km

Naoli River

Songhua River Baoqing

Ussuri River

Zhang Bai and Onishi, unpublished



Dissolved iron concentrations (mg L‐1) measured 
t b i h i i l d

0.0 0.5 1.0 1.5 2.0 2.5 3.0

河川水の溶存全鉄濃度（mg L-1)at basins having various land‐covers 

中国 自然林流域

中国 山火事流域

バーはSDChina Natural Forest Bars: SD
Year 2006

中国 山火事流域

ロシア 山火事流域

China Burnt Forest

Russia Burnt Forest

中国　三江平原流域China Wetland

ロシア 湿地流域Russia Wetland

Shibata et al. (unpublished)



Seasonal changes in dissolved iron concentrations 
in the interstitial soil water at various land coverin the interstitial soil water at various land‐cover 

in the Sanjiang Plain 2006
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Total iron conc. in Naoli River, Sanjiang plain, China (mgL-1)

Amur River

Naoli River
Songhua River

Naoli River

Ussuri River

Naoli River (Yan et al. 未発表データ)



Total iron conc. in Naoli River, Sanjiang plain, China (mgL-1)
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Decreasing trend of the sea ice extent in the Sea of 
Okhotsk (Nakanowatari et al., 2007)
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Increasing NPIW temperature 
and decreasing dissolved g
oxygen in the NPIW
(Nakanowatari et al., 2007)
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UNEP (2006)



15 m deep Surface

Ohshima and Shimizu (2007)



“Giant” Fish-Breeding Forest
( Guiding Principle or Concept )

（Hanamatsu, in press)

Initiatives of IOs (UNEP, UNDP, GEF) or NGOs
bilateral economic assistance（ODA）

Interlinkage and coordination of the

North‐Eastern Asia GFBF Partnership

Bilateral agreements orInterlinkage and coordination of the 
international legal regimes 

Law of the conservation of nature, 
species and biodiversity

Bilateral agreements or 
joint declaration, communiqué

Agreements among neighboring 
provinces or local governments

Law of the 
international 
watercourses

Law of the marine 
living resources 
and diversity

p g

National legal system or policy
(coordination between the laws and agencies)

Local government policy
(inc. coordination between national and local policy)Grassroots activities of NGOs

Conclusion of new environmental 
agreements

Commitment or participation of the 
local or indigenous peoples



HELCOM
Helsinki Commission

All the coastal states around the Baltic Sea
and EU are working together to protect the
Baltic marine environment from all sources
of pollution, as spelled out in the “Convention
on Protection of the Marine Environment of
The Baltic Sea Area” (Helsinki Convention).

HLECOM has overall responsibility for the
implementation of the Helsinki Convention.



Amur Okhotsk ConsortiumAmur Okhotsk Consortium

Regular meeting: 1 time / 2 years
Network for academic researchers
Information/data exchanges
Japan, China, Russia (Mongolia)

Tentatively based onTentatively based on
Pan-Okhotsk Research Center,
Institute of Low Temp. Science,
Hokkaido University

Kick off SymposiumKick‐off Symposium
November 7‐8
at Hokkaido Universityat Hokkaido University



Conclusions
1 Amur River transports a total of 1011 g/yr dissolved iron1. Amur River transports a total of 1011 g/yr dissolved iron

to the Sea of Okhotsk/Oyashio region, and it contributes
to the primary production in these oceans.

2. The supply of dissolved iron to the Sea of Okhotsk/
Oyashio region is likely to decrease by excessive landOyashio region is likely to decrease by excessive land
use changes and decreasing trend of the sea‐ice.

3 Pollutions of the Amur River is the world wide concern3. Pollutions of the Amur River is the world‐wide concern
and it is highly probable to affect the Sea of Okhotsk
unless any counter‐measures are conducted.

4. We propose to establish a multilateral relationship among
researchers “Amur‐Okhotsk Consortium” to discuss our
future sustainability in the Sea of Okhotsk.


